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HOW    TO    MAKE    THEM    HEALTHY. 

-••»■ 

HEALTH  m  THE  HOME. 

Bt  Bbijamih  Wabd   B10HABD8OV,   M.D.,   LL.D.,   F.R.S. 

IN  the  dialogue  between  Socrates  and  Critobnlus,  which  Xenophon  invents,  he 
makes  Socrates  declare  that  the  ordination  of  the  house  is  the  name  of  a  science, 

and  that  the  science  means  the  order  and  increase  of  the  household.  It  is  in  the 

spirit  thus  expressed  that  the  writers  of  this  work  enter  on  their  task.  They 
aim  to  make  the  ordination  of  the  house  the  name  of  a  scienoe,  —  the  science 
of  domestic  sanitation. 

Domestic  sanitation,  in  its  scientific  sense,  must  be  subject  to  change,  according 
to  the  places  in  which  the  details  of  it  are  studied  and  carried  out.  The  climatic 
conditions  of  the  place ;  the  modes  of  life  and  the  trainings  of  the  persons  who  are 

to  be  housed  ;  the  occupations  of  the  people ;  the  physique  of  the  people ;  and  the 
number  of  persons  who  occupy  a  given  space  in  a  village,  city,  or  town  ;  all  these 
influences  have  to  be  considered  by  him  or  by  them  who  would  supply  good  rules 
for  the  ordination  of  the  house  that  is  to  be  both  commodious  and  healthy.  We 
cannot  in  the  present  work  charge  ourselves  with  universal  labour  on  these  subjects. 
We  must  confine  our  efibrts  chiefiy  to  the  homes  of  our  own  countrymen,  to  the 
homes  that  are  included  in  the  hamlets,  villages,  towns,  and  cities  of  the  British 

Islands.  We  have  no  occasion  to  regret  this  limitation  of  our  labours.  In  en- 
deavouring to  improve  the  existing  state  of  native  domestic  sanitation  we  have  a 

task  b^ore  us  sufficient  to  test  all  our  powers  to  the  fullest  degree: 
Our  country,  developing  in  successive  stages  under  what  may  be  called  successive 

civilisations,  has  been  supplied  with  habitations  that  are  as  varied  in  construction 
as  they  are  diversified  by  necessity.  The  first  of  these  peculiarities  need  not  be 
matter  of  regret,  for  it  must  be  admitted  that  variety  of  construction  may,  within 
moderate  limits,  be  conducive  to  artistic  excellence  and  to  that  pleasure  of  mind 
which  is  necessary  to  relieve  monotony,  and  thereby  to  minister  to  health.  The 
second  of  these  peculiarities  is  a  real  cause  for  regret,  because  when  there  is  no 
uniformity  of  knowledge  or  of  action  in  respect  to  what  is  necessary  for  the 
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maintenanoe  of  health,  and  when,  in  regard  to  this  great  common  interest,  views  and 
praetioes  and  minor  interests  clash  and  confuse,  then  difficulties  stand  in  the  way 
which  nothing  can  remove  until  the  most  careful  instruction,  appealing  in  a  decisive 
and  at  the  same  time  simple  manner  to  the  conviction  of  the  people  generally,  is 
imparted  to  them. 

I  do  not  think  I  can  fidfil  the  duty  that  now  devolves  on  me  better  or  more 

usefully  than  by  indicating  the  principles,  the  objects,  and  the  practice  of  domestic 

sanitation  which  form  the  necessities  of  a  true  sanitaiy  code.  My  able  col- 
leagues will  fill  up  the  details,  and  to  them  I  leave  that  important  part  of  our 

undertaking.  I  must  be  content  to  step,  as  it  were,  a  little  before  them,  and,  like 
a  pioneer,  survey  and  clear  the  ground. 

Uniformity  in  domestic  sanitation  is  the  first  requirement  In  some  of  our 
great  centres  of  life  there  have  been  introduced  certain  regulations  which  seem  to 
inculcate  imiformity  of  system  on  a  few  points,  such  as  supply  of  water  and  removal 
of  sewage  from  the  dwelling.  But  in  these  particulars  all  is  local,  and  localities 
divide  in  opinion  to  an  extent  that,  in  the  most  determinate  degree,  prevents  steady 
progress.  There  is,  in  &ct,  no  system  at  all,  either  of  a  legislative  or  domestic  kind, 
by  which  a  healthy  condition  of  the  household  may  be  sustained.  Practically  every 
master  of  a  house  is  a  law  unto  himself. 

For  my  part,  I  would  not  urge  any  decisive  change  from  the  rule  of  every 
man  being  a  law  unto  himself  in  sanitary  affairs  as  they  affect  the  domestic  life.  It 
would  be  far  better  for  every  man  and  woman  to  know  what  is  necessary  for  tlie 
sanitary  welfare  of  those  who  are  entrusted  to  their  care,  and  for  them,  on  their  own 
responsibility,  to  carry  out  needed  reforms  on  a  few  sound  principles,  than  for  any 
number  of  .l^pslative  acts  to  be  forced,  by  the  intervention  of  outside  inquiry  or 
infliction  of  outside  pressure,  on  an  unprepared,  resisting,  or  doubting  community. 
We  shall  therefore  best  effect  what  we  have  in  view  by  indicating  the  principles  of 
imiformity  in  sanitation,  and  by  explaining  what  can  reasonably  be  carried  out  by 
every  man  in  his  own  place.  If  in  the  centres  called  home  the  foundations  of  the 
science  of  health  are  laid,  the  rest,  on  a  larger  scale,  will  necessarily  follow,  for  the 

same  rule  that  applies  to  the  accumulation  of  wealth  applies  equally  to  the  accumu- 

lation of  healtL  *'  Take  care  of  the  pennies,''  says  the  Financier ;  ''  the  pounds  will 
take  care  of  themselves."  ''  Take  care  of  the  houses,''  says  the  Sanitarian ;  <<  the 
towns  will  take  care  of  themselves." 

While  from  the  above  remarks  it  will  be  inferred  that  individual  action  in 

relation  to  health  is  the  foundation  of  sanitary  reform,  it  must  not  be  assumed  that 
legislative  action  is  to  be  ignored.  It  will  be  the  task  of  some  trained  scholar  in 
this  work  to  present  a  clear  and  concise  review  of  the  position  of  legislation  in  these 
islands  in  relation  to  healtL  The  description  that  will  thus  be  supplied  will  divide 

naturally  into  two  heads :  the  general  and  the  local.  The  general  legislation  will  be 
seen  to  refer  to  those  measures  which  extend  throughout  the  Commonwealth  ;  the 

local  will  be  seen  to  refer  solely  to  the  work  of  individual  communities.  It  is  possible 
that  in  the  end  there  will  be  discovered  to  exist  a  third  legislative  direction,  in  which 

the  two  first  ai*e  combined,  to  the  obstruction,  if  not  to  the  destruction,  for  all  practical 
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good,  the  one  of  the  other.  The  laws  that  are  in  this  day  in  force  have  indeed  an 
influence  on  individual  domestic  sanitation  which,  for  good  or  for  evil,  is  decisive  in 
correcting  free  wilL  If  in  London  the  best  sanitarian  has  plans  of  his  own  for 
building  a  house  on  what  he  conceives  to  be  the  truest  sanitary  principles,  it  is  all 
but  impossible  for  him  to  carry  out  his  design  without  having  it  in  some  way  crossed 
by  the  control  which  belongs  to  the  Metropolitan  Board  of  Works,  or,  by  the  legal 
restraints  of  property.  Nay,  if  it  shoidd  so  happen  that  his  knowledge  were  better 
tban  that  of  other  persons,  he  might  still  be  obliged  to  submit  to  the  lesser  know- 

ledge, and  be  prevented  making  any  progress  even  in  an  effort  that,  by  the  example 
it  sets  forth,  could  be  made  useful  to  all  the  community.  I  do  not  adduce  this 
as  matter  of  complaint.  In  all  large  communities  packed  closely  together  it  is 
essential  that  certain  general  rules  shall  be  laid  down  by  some  central  authority  that 
shall  govern  the  whole  on  something  like  a  uniform  system,  and  it  would  probably 
be  bad  policy  to  allow  genius,  even  of  the  highest  order,  to  execute  special  plans 
that  were  out  of  the  general  scheme  which  belongs  to  the  whole  of  the  local  system. 
I  only  adduce  a  matter  of  fact  as  a  reason  for  the  argument  I  would  offer  relative 
to  general,  local  and  individual  practice  in  sanitation. 

The  piinciple  we  have  to  strive  after  is  one  that  will  tend  to  make  general 
I^islation  uniform,  local  legislation  in  harmony  with  general,  and  individual 
action  compatible  with  botL  In  a  word,  uniformity  of  sanitative  action  is  the 
need  for  which  we  have  to  contend.  For  this  purpose  the  home  must  be  the  source 
of  oar  national  health.  As  the  great  rivers  spring  from  little  sources  which  a  child 
can  leap  over,  so  the  rivers  of  health  must  spring  from  the  hearths  of  the  people. 
The  man  who  is  fully  competent  to  vote  for  a  sanitary  legislator,  local  or  general,  is  a 
man  who  in  his  own  house  is  capable  of  judging  whether  the  said  house  is  in  a 
healthy  or  in  an  unhealthy  condition,  and  a  man  who  is  acquainted  with  the 

intention  and  object  of  the  art  of  presei*ving  and  maintaining  health.  I  mean  by 
ibis  that  the  man  who  will  prove  to  be  the  best  sanitarian  is  he  who  will  apprehend 
viih  equal  JbciHiy  the  reasons  for  the  practice  of  sanitation  as  well  as  the  practice 
ilaell 

THE  WORK  TO  BE  DONE. 

The  domestic  sanitarian  who  would  make  himself  fully  conversant  with  sound 
tcasons  for  the  reforms  which  he  is  anxious  to  introduce  into  his  household,  must 
fint  of  all  learn  that  he  has  something  to  prevent.  He  has  to  prevent  unneces' 
Bary  disease,  and  thereby  unnecessary  mortality. 

If  the  inquirer  turn  to  investigate  the  scope  of  this  work,  he  will  do  much  to 
leassore  himself.  He  will  learn  that  though  his  own  effort  be  small^  and,  as  it  may 
seem,  in  the  midst  of  so  much  that  is  confusing,  incalculable,  it  is  worthy  of  his 
endeavour.  He  will  find  that  even  in  this  civilised  country  little  more  than  a 
t^uid  of  the  value  of  life  that  is  given  to  his  spedes  is  realised,  not  to  say  enjoyed. 
The  anatomical  physicist  will  explain  to  him  a  law  by  which  the  relative  lengths 
of  life  of  man  and  of  all  the  domestic  animals  may  be  fairly  measured  by  the 
period  in  which  the  complete  development  of  the  skeleton  is  attained.  A  simple 
cftkolation  will   then  tell  the  natural  duration   of  the  life  of  the  animal     The 
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mnltiplicatioii,  by  the  number  five,  of  the  period  of  completed  development  will  give 
the  standard  necessary.  The  maturity  of  man,  calculated  by  the  completed  condition 

of  the  skeleton,  is  twenty-one  years.  Twenty-one  years  multiplied  by  five — one 
hundred  and  five  years — is  therefore  the  natural  duration  of  the  life  of  man  on  this 
estimate,  and,  with  a  certain  natural  limited  range,  may  be  accepted  as  the  true  and 
full  duration.  But  when  the  actual  value  of  life  is  taken  it  is  found  to  present, 

in  this  country,  an  average  of  forty-two  years,  so  that  there  are  grand  agencies  at 
work  which  are  reducing  the  national  life  to  a  veiy  low  value. 

If  the  inquirer  enter  further  into  the  matter,  he  will  observe  that  the  grand 
agencies  leading  to  this  reduced  value  of  life  must  be  in  some  way  removable, 
because  they  are  not  always  in  action  to  reduce  every  form  of  life  to  the  same  level 
of  duration.  He  will  discover  that  the  domestic  animals  which  surround  us,  if  we 
do  not  kill  them  outright  by  hard  labour,  privation,  or  exposure  to  the  vicissitudes 
of  seasons,  are  so  much  longer  lived  than  we  are,  that  they  exist,  practically,  to  their 

full  term  with  as  much  exactitude  as  we  -exist  to  the  first  part  of  our  second  stage  of 
existence.  Or,  to  put  the  matter  in  another  light,  he  will  discover  that  if  our 
lower  domestic  animals  were  to  die  in  the  same  ratio  that  we  die,  their  duration  of 
life,  as  it  is  How  known,  would  be  reduced  nearly  to  half  what  it  is.  The  dog  would 
have  an  average  term  of  eight  years,  and  other  animals  a  similar  reduced  term  of 
Ufa 

Such  observations  as  these  will  lead  the  sanitarian  to  find  a  uniform  object 
in  his  labour.  He  will  ask  what  is  the  reason  why  man,  who  holds  all  the 
knowledge  and  skill  above  the  brute  creation,  should  have  so  little  control  over 
his  own  destiny  that  he  cannot  control  it  in  respect  to  health  and  life  as  well  as  the 
inferior  creature  which,  compared  with  himself,  has  neither  reason  nor  skill.  He 
will  wonder  in  vain  so  long  as  he  looks  simply  at  the  general  fact  He  will  not 
wonder  at  all  when  he  proceeds  to  an  analysis  of  all  the  details  upon  which  that 
general  fact  depends 

In  the  first  place  he  will  learn  from  an  analysis  of  the  data  he  may  collect,  that 
man  is  the  subject  of  many  more  diseases  than  the  inferior  animals  are ;  that  he 
sufiers  from  certain  diseases  of  the  mind  incidental  to  his  possession  of  a  mental 
organisation  superior  altogether  to  theirs,  and  from  which  diseases  they  are  exempt; 
that  he  sufiers  from  some  diseases  springing  from  human  vices  from  which  the 
lower  animals  are  also  exempt;  that  he  sufiers  from  some  contagious  diseases 
from  which  they  are  exempt ;  that  he  sufiers  from  some  diseases  connected  with 

industrial  pursuits  from  which  they  are  exempt ;  that  he  sufiers  from  indulgences 
in  certain  luxuries  of  a  deadly  kind  from  which  they  are  exempt ;  that  he  sufifers 
from  various  accidents  from  which  they  are  exempt ;  that  he  sufiers  from  hereditary 
taints  of  disease  from  which  they  are  exempt. 

Both  classes,  man  and  the  lower  creation,  sufier  from  those  primary  causes  of 
disease  which  exist  in  the  form  of  variations  of  season,  of  heat  and  of  cold,  and  of 
all  those  varied  changes  included  under  the  head  of  changes  meteorological. 
But  here  again  there  is  a  difference  in  respect  to  result.  The  lower  animal,  unin- 
stmcted,  or  at  least  but  rudely  instructed,  in  the  modes  of  defending  itself  from 
the  external  elements,  lives  exposed  to  the  f  uiy  oi  these  elements,  less  the  protection 
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it  can  obUin  in  sheltered  resorts  of  natural  production,  shade  of  woods  and  shelter 

of  caves.  Man,  wiser  and  more  self-protective,  outwits  the  rude  elements  by 
bailding  for  himself  houses  and  towns,  by  lighting  fires,  by  making  clothes,  and  by 
setting,  in  many  other  ways,  stem  nature  at  stem  defiance.  It  would  be  a  most 
interesting  study  to  follow  out  this  argiiment  of  the  value  of  health  and  life  in  man 
and  in  the  inferior  creation,  to  gather  up,  as  it  were,  the  exemptions  from  disease 
and  death  which  might  accrue  to  man  if  he  were  simply  to  put  himself,  or  if  he 
could  simply  put  himself,  in  the  same  position  in  respect  to  exemption  as  that  held  by 
his  lower  earthmates.  We  must  not  attetnpt  this  inquiry.  We  must  be  content  to 
study  man  as  r^ards  his  conditions  of  health  in  the  defences  which  he  has  built  for 

habitation,  and  which  he  caUs  his  cities,  villages,  and  houses ; — his  self-invented 
and  self-constructed  protections  from  external  influences  in  their  endless  variety  of 
change. 

In  this  study  man  does  not  appear  always  on  the  best  sida  To  the  diseases 

which  are  assumed  to  spring  from  cold  and  wet,  such  as  catarrhs,  attacks 
of  bronchitis,  inflammation,  and  rheumatism,  man  is  more  subject  than  the  lower 
creation.  This  may  be  owing  to  difierence  of  organisation,  and  may  therefore  be 
allowed  to  pass  without  comment  unfavourable  to  his  ingenuity  and  practice.  But 
there  is  something  else  which  must  not  be  allowed  to  pass,  and  which  is,  in  fact, 
the  one  point  of  all  others  calling  for  our  attention. 

Man,  by  a  knowledge  and  skill  not  possessed  by  the  inferior  animals,  in 
building  cities,  villages,  houses,  for  his  protection  from  the  external  elements, 
has  produced  for  himself  a  series  of  fatal  diseases,  which  are  so  closely  associated 
with  the  productions  of  his  knowledge  and  skill  in  building  as  to  stand  in  the 
ixmtion  of  effect  from  cause. 

Man  in  eonelructing  protections  from  exposure  has  constructed  conditions  of 

disease, — In  an  age  when  he  could  not  foresee  the  results  of  his  own  work  he  created 
these  conditions,  and  it  is  not  fiedr  to  blame  him,  because  he  did  not,  in  his  primi- 

tive days,  know  better.  We  do  know  better  now,  and  it  is  our  fault  if  wo  do  not 
improve  on  the  original  bad  work,  rectify  it,  and  remove  intelligently  the  evils  which, 
from  deficient  intelligence,  have  been  so  long  perpetuated.  This  should  be  the 
uniform  object  of  the  present  sanitary  scholar. 

COMMITKICABLB   DISEASES   FROM  CONSTRUCTION   OF  HABITATION. 

At  this  early  stage  of  our  work,  we  may  look  at  the  more  important  diseases 
which  have  been  promoted,  and  some  of  them  indeed  introduced,  by  the  errors  of 
construction  that  have  been  developed  in  the  dwellings  of  our  communities.  We 

shall  in  this  way  be  the  better  prepared  to  see  the  most  efi'ective  modes  of  removing 
what  is  bad  and  of  introducing  what  is  good,  so  that  the  diseases  may  be  prevented. 

Typhus  Fever, — The  most  fatally  spreading  disease  which  man  has  introduced  into 
bis  habitations  is  that  fever  which,  under  the  various  names  of  spotted  fever,  gaol 
fever^  black  death,  and  typhus,  has  so  often  committed  the  most  fatal  ravages  in 
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crowded  towns  and  cities.  This  disease  might  with  perfect  correctness  be  called  foul 
air  fever.  It  seems  as  if  it  can  always  be  lighted  up  when  numbers  of  persons  are 
closely  packed  together  in  dirty  and  unventilated  rooms,  and  the  history  of  this 
country  is  singularly  rich  in  the  records  of  its  origin,  dissemination,  and  mortality. 
Experiment  after  experiment  has  been  unintentionally  made,  during  the  coarse  of 
centuries,  to  prove  the  ejSects  of  close  and  foul  air  on  the  health  of  the  nation. 
In  the  last  century  these  proofs  accumulated  in  a  remarkable  degrea  In  previous 

times,  though  the  air  of  living-rooms  and  of  dormitories  was  close  and  noisome, 
a  fashion  prevailed  of  purifying  the  air  by  the  process  of  fumigation,  or  as  we 

would  now  say,  by  the  plan  of  using  antiseptic  gases  or  vapours.  My  late  accom- 
plished .  and  much-lamented  friend.  Dr.  Erancis  C.  Webb,  brought  this  fact  out 

with  singular  clearness,  by  quoting  the  directions  for  the  suppression  of  the  Plague 
that  were  issued  from  the  Royal  College  of  Physicians  in  the  year  1665.  The  College 

appears  to  have  thought  nothing  whatever  about  the  value  of  fresh  air,  but  its  wise 

councillors  directed  that  "fumes  of  rosin,  pitch,  tar,  turpentine,  frankincense,  myrrh, 

amber,"  be  used,  and  that  "  the  woods  of  juniper,  cypress,  cedar ;  the  leaves  of  bays 
and  rosemary,  to  which,  especially  to  the  less  powerful  scented,  may  be  added  some- 

what of  laburnum,  storax,  benzoin,  lignum  aloes ;  one  or  more  of  these  as  they  are 
at  hand,  or  may  be  procured,  are  to  be  put  upon  coals,  and  consumed  with  the  least 

flame  that  may  be,  in  rooms,  houses,  churches,  and  other  places." 
This  antiseptic  method  of  prevention  of  disease  had  its  advantages  j  advantages 

not  over  the  admission  of  fresh  air,  but  over  the  plan  of  excluding  fresh  air  and  of 
using  no  antidote.  In  the  last  century,  while  the  value  of  fresh  air  was  still  but 
imperfectly  known,  the  value  of  the  antiseptic  plan  was  all  but  entirely  ignored. 

The  bunch  of  rue  was  placed, — as  it'still  is  in  some  assize  towns,  I  believe, — ^before 
the  Lord  Judge  when  he  took  his  place  on  the  judgment  seat,  and  served  for  him  as 
A  disinfectant  to  the  extent  of  its  poor  powers.  In  the  prisons  no  such  care  was  taken, 
and  the  result  was  that  in  the  foul  and  crowded  dens  in  which  the  criminals  were 

confined,  the  occurrence  of  contagious  fever  became,  I  had  almost  said,  the  rule, 
while  the  propagation  of  fever  from  the  gaol  as  the  centre  of  it,  was  looked  upon 
as  a  natural  phenomenon.  The  fever  passed  from  the  gaols  to  the  houses,  and  the 
houses,  themselves  dose  and  unventilated,  nourished  it  amongst  the  inmates,  as  a 

well-kept  conservatory  might  nourish  and  develop  the  fruit  of  the  vine.  Nor  were 
the  gaols  the  only  servants  of  the  spreading  devastating  fever.  The  dormitories 
of  the  students  of  the  great  universities  became  also  centres  from  which  the  fever, 
having  once  originated,  spread  fietr  and  wide. 

We  have  to  search  deep  into  the  history  of  this  present  century  to  see  any  such 
change  in  household  sanitation  as  should  exclude  the  pestilence  we  may  call  foul  air 
fever.  Since  the  reform  has  commenced,  the  introduction  of  typhus  into  a  locality, 
from  overcrowding  and  bad  ventilation,  has  not  been  of  common  occurrence,  and 
strangely  enough,  those  places  which  once  were  the  very  foci  for  the  pestilence,  the 

gaols,  are  now  the  most  fr-ee  from  the  danger.  Yet  I  myself  remember  houses  and 
'districts  of  houses  in  which  this  fever  was  generated,  and  from  ̂ hich  it  spread 

h  great  rapidity  and  intensity. 

Practically,  we  have  less  to  fear  in  these  days  than  perhaps  we  ever  had,  of 
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making  our  domiciles  the  originators  and  forcing-spots  of  typhus.  Yet  it  would  be 
to  the  last  degree  unwise  to  forget  the  lessons  of  the  past,  or  to  ignore  the  fact  that, 
in  comparatively  rare  but  certain  instances,  the  evil  remains.  It  still  does  happen 

that,  in  places  where  the  disease  may  be  least  expected  to  occur,  typhus  is  de- 
veloped. In  the  last  most  striking  instance  I  can  recall,  where  the  fever  which  origi- 

nated from  overcrowding  spread  widely,  a  small  country  village  was  the  scene  of 
the  manifestation.  A  traveller  riding  through  that  village  would  have  thought 
of  it^  last  and  least  of  all,  as  a  seat  and  centre  of  the  great  plague  of  a  past  century. 
Tet  it  was  such,  because  the  conditions  for  the  development  of  the  outbreak  were 
present  in.  the  homes  of  the  peopla 

Rdapsmg  Fever, — ^Another  disease  of  the  true  pestilential  kind  which  is  con- 
nected with  bad  domestic  sanitation  is  relapsing  fever.  In  some  respects  this  fever 

resembles  typhus,  and  though,  owing  to  the  relapses  that  take  place,  recovery  from  it  is 

more  prolonged,  it  is  not  so  fatal  as  typhus.  The  name  of  '^  fiunine  fever/'  which  has 
also  been  applied  to  it,  may  convey  the  idea  that  it  springs  from  deficiency  of  food, 
and  thisy  in  a  sense,  is  true.  But  it  must  not  be  supposed  that  mere  deprivation  of 
Btistenanoe  is  the  sole  cause.  Another  factor  again  is  demanded,  and  that  factor  is 
bad  ventilation,  the  enclosing  together  in  one  close  room,  or  cellar,  or  cabin,  of  a 

number  of  iQ-fed  persons  who,  to  shut  out  the  cold,  shut  out  the  air.  In  a  great 
epidemic  of  this  fever,  of  which  I  was  at  once  a  witness  and  a  sufferer  in  1847,  it  was 

clear  to  all  of  us  who  observed,  that  bad  air  was  the  necessary  adjunct  of  bad  or 
insufficient  food.  The  disease  followed  where  the  habitation  was  most  crowded  and 

the  air  was  most  impure. 

Scarlet  Fever, — ^The  common  disease,  scarlet  fever,  finds  in  bad  domestic  sanitation 

an  ever-favouring  condition  for  its  distribution.  It  would,  in  my  opinion,  be  incor- 
rect to  say  that  scarlet  fever  can,  like  typhus,  be  engendered  by  close  air.  The  poison 

<^  this  disease  has  an  origin  distinct  of  itself  of  which  we  know  very  little,  and 
once  introduced  it  may  disseminate  in  the  most  spotless  and  the  purest  abode.  I 
have  seen  it  spread,  I  had  almost  said  with  equal  foot,  in  the  houses  of  the  best  as  in 
the  houses  of  the  worst  construction,  and  I  know  of  no  standard  by  which  a  house 
could  be  reported  as  free  from  the  danger  of  the  entrance  into  it  of  scarlet  fever.  At 
the  same  time,  when  scarlet  fever  has  entered  a  dwelling,  the  safety  of  that  dwelling 
afterwards,  its  position  as  a  centre  of  the  malady,  or  its  freedom  from  contagion,  turns 
altogether  on  sanitation.  The  poison  of  scarlet  fever,  though  minutely  distributed, 
is  almost  certainly  solid  in  respect  to  its  material  quality.  If  it  were  volatile,  like 
a  Tapoor  or  gas,  it  would  be  more  dangerous  than  it  is  to  the  persons  who  surround 
the  sufferer,  and  would  rapidly  lose  all  its  dangers  on  distribution  upon  articles  of 
dothing  or  parts  of  the  house.  Being  solid,  however,  it  traverses  over  a  limited 
area  about  the  sick  person,  but  fixes  on  surrounding  objects  capable  of  receiving 
it^  and  holds  to  them  until  it  is  destroyed  by  heat,  oxidation,  or  mechanical 
action. 

The  poison  may  be  laid  up  in  a  house  for  months,  perhaps  years.     During 

my  early  career,  I  assisted  a  medical  friend  at  Saffron  Walden,  in  Essex.     In  the 

I 
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district  we  had  a  severe  outbreak  of  scarlet  fever.  At  a  short  distance  from  one  of 

the  villages  in  the  district  there  was  situated,  on  a  slight  eminence,  a  small  clump 

of  labourers'  cottages,  with  the  thatch  in  the  bedrooms  peering  down  on  the  beds  of 
the  sleeper&  A  man  and  his  wife  lived  in  one  of  those  cottages,  together  with  four 
of  their  lovely  children*  Scarlet  fever  entered  the  door  of  this  cottage,  and  struck 
down  one  of  the  children  fatally.  The  three  others  were  at  once  removed  to  the  care 

of  a  grandparent,  who  lived  at  a  village  several  miles  away.  Some  weeks  elapsed, 

when  one  of  these  was  allowed  to  return  home.  Within  twenty-four  hours  it  was 
seized  with  the  disease,  and  died  with  equal  rapidity  as  the  first  We  were  doubly 
cautious  in  respect  to  the  return  of  the  other  children.  Every  inch  of  wall  in  the 

cottage  was  cleansed  and  lime- washed;  every  article  of  clothing  and  linen  was 

washed,  or,  if  bad,  destroyed  ;  floors  wei'e  thoroughly  scoured ;  and  so  long  a  period 
as  four  months  was  allowed  to  elapse  before  any  of  the  remaining  children  were 
brought  homa  Then  one  child,  a  boy  nine  years  of  age,  was  permitted  to  return. 
He  reached  the  cottage  early  in  the  morning,  was  dull  the  next  day,  twelve  hours 
later  was  suffering  from  malignant  scarlet  fever,  and,  like  his  fellows,  died  from  the 

affection.  In  this  case  I  have  no  doubt  that  the  roof,  the  thatch,  was  the  part  in 
which  the  poison  was  concealed  ;  but  whether  that  conjecture  were  correct  or  not, 
tlie  incident  shows,  with  too  much  force  to  be  mistaken,  how  this  particular  poison 
may  be  locked  up  in  a  dwelling  suitable,  from  its  bad  sanitation,  for  the  reception  of 
the  poison.  The  papers  on  the  walls  of  a  room  that  has  been  occupied  by  a 

person  suffering  from  the  disease  may  become  the  agent  for  retaining  the  infection, 
though  in  a  less. certain  degree. 

Small  Pox. — ^The  same  dangers  which  are  connected  with  scarlet  fever  in  the 

dwelling-house  extend  to  small  pox.  The  poison  of  small  pox  may  be  retained  as  a 
solid  particle  for  an  almost  unlimited  period  in  a  dwelling.  It  may  be  enclosed  in 
woollen  materials ;  it  may  be  concealed  in  adhesive  material,  on  the  walls,  in  the 
ceilings,  on  the  floors.  In  the  case  of  this  disease  we  know,  of  a  fact,  how  the 
infectious  mateiial  may  be  retained.  It  is  a  solid  particle,  and  dried  up  as  a  mere 
dust  it  retains  its  poisonous  properties,  so  that  it  could  be  sent  from  one  part  of  the 
world  to  the  other  without  losing  its  specific  power  of  propagating  its  disease.  In 
the  old  times,  before  the  protective  system  of  vaccination  was  discovered,  and  beforo 

inoculation  became  a  practice,  it  was  all  but  impossible  to  escape  taking  the  malady, 
for  nearly  every  house  became,  at  one  time  or  another,  a  home  and  centre  of  its 

poison.  To  show  how  easily  the  poison  of  small  pox  is  taken  up  by  cotton  and 
woollen  mateiials,  it  is  woiiih  while  to  relate  that,  in  the  early  days  of  the  process 
of  inoculation,  cloth  was  used  as  the  means  for  conveying  the  poison.  In  a 
remarkable  paper  communicated  to  the  Royal  Society  in  the  year  1734,  by  Dr. 
Nettleton  of  Halifax,  in  Yorkshire,  that  physician  describes  how  he  communicated 

the  disease,  from  the  sick  to  the  healthy,  by  inoculation.  He  o^iened  the  ripe 
pustules  of  an  affected  person,  and  having  wiped  the  lancet  he  had  employed  on  a 

piece  of  cotton  stufl,  he  used  the  impregnated  cotton  as  the  communicating 
substance.  When  he  wished  to  inoculate,  he  made  a  small  wound  on  the  leg  or 

other  part  of  the  body,  and  putting  over  the  wound  a  portion  of  the  infected  stud*. 
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fixed  it  there  for  a  few  hours  with  a  piece  of  plaster.  In  this  way  he  introduced 
the  disease,  and  such,  he  says,  was  the  effect  of  the  infected  pledget  of  cotton,  he 
ofien  found  it  merely  necessary  to  wipe  the  newly-made  wound  with  the  cotton  in 
order  to  ensure  perfect  inoculation. 

Wltaopirig  Cough, — ^The  poison  of  pertussis,  or  whooping  cough,  is  easily 
distributed  through  a  house,  and  retained  by  substances  to  which  it  attaches  itself. 
The  poison  in  this  disease  is  thrown  off  from  the  throat,  and  as,  in  the  violence 
of  the  coughing,  there  is  often  a  wide  diffusion  of  fluid  from  the  month  and 
throat,  the  danger  of  the  spread  of  the  affection  is  always  considerable.  It  is 
true  that  the  contagion  is  not  conveyed  far,  and  it  probably  is  not  long  retained 
ia  the  active  state.  I  mean  that  it  may  be,  and  possibly  is,  readily  destroyed, 
by  oxidation,  after  it  is  thrown  off  from  the  sick.  At  the  same  time,  for  a 
I)enod  of  at  least  some  hours  after  it  has  been  emitted  it  will  take  effect.  Not 
long  since  a  young  lady,  who  came  under  my  care  suffering  from  whooping 
cough,  was  able  to  tell  me  where  she  contracted  it  She  had  been  in  one 
place  only  where  it  was  possible  for  her  to  be  subjected  to  the  poison,  and  that 
place  was  a  shop  into  which  she  entered  to  purchase  confectionery.  While  in 
the  shop,  a  child  of  the  shopkeeper  came  in  from  the  back  room,  and  was  seized  with 
a  violent  paroxysm  of  spasmodic  coughing  from  whooping  cough,  under  which  she  had 

been  labouring  for  several  days.  That  sick  child  communii -4;  ted  the  affection,  not  to  my 
patient  only,  but  to  several  other  persons  who  came  to  the  place.  In  one  instance 
it  seemed  that  the  poison  was  communicated  from  this  shop  by  the  bread  that  came 
hom  it — a  most  likely  means  of  conveyance,  seeing  how  readily  the  poisonous 
material,  diffused  with  vapour,  would  attach  itself  to  the  bread-stuff& 

Measles, — ^The  poison  of  measles  may  remain  for  a  considerable  period  in  the  house, 
and  may  attach  itself  to  articles  of  furniture,  clothing,  walls,  and  ceilings,  like  that  of 
Bmall  pox  and  scarlet  fever.  I  do  not,  however,  gather  from  my  own  observations 
that  this  poison  is  so  long  retained  as  that  of  scarlet  fever.  I  should  infer  that  it 
is  a  poison  more  easily  destroyed  by  oxidation  than  the  particle  of  scarlet  fever  or 
of  small  pox  which  acts  as  poison. 

SewefMdr  Fever. — ^There  is  a  class  of  disease  which  is,  or  may  be,  developed  in 
the  houses  not  from  the  introduction  or  generation  of  the  poisonous  particle  of  a 

y  communicable  disease^  but  from  the  difiusion  through  the  house  of  the  gases  of 
decomposition  which  emanate  directly  from  the  contents  of  the  cesspool  or  sewer. 
The  air  of  a  house  may  be  contaminated  from  the  sewer,  and  the  contamination 
may  produce  distinct  indications  of  disease,  without  exciting  any  one  of  the  specific 
commonicable  diseases,  such  as  small  pox,  typhus,  or  scarlet  fever.  This  is  a  fact 
not  generally  understood,  although  it  deserves  to  be  thoroughly  understood. 

In  past  days  the  diseased  condition  here  referred  to  was  much  more  common  than 

it  is  now,  and  the  affection  called  by  our  forefathers  in  physic  "  continued  fever  ** 
^^  I  feel  quite  sure,  usually  dependent  on  sewer  air.   I  remember  myself  the  disease 
Imown  as  continued  fever  — ck  disease  which  ran  an  indefinite  course,  and  which  did 

2 
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not  Rpread,  but  which  would  attack  the  inmates  of  one  house,  and  confine  its  evils, 
for  the  lime,  there.  The  late  Dr.  Barker,  of  Bedford,  was  the  first  to  show  distinctly 
and  experimentally  the  influence  of  sewer  emanations,  and  to  prove  that  they  were 

poisonous  when  diffused  through  the  air.  He  produced  symptoms  of  febrile  disturb- 
ance, with  derangement  of  the  intestinal  canal,  in  inferior  animals,  by  exposing  them 

simply  to  sewer  emanationa  He  made  an  analysis  of  those  emanations,  and 
determined  as  gaseous  products,  common  air,  carbonic  add  gas,  sulphuretted 
hydrogen,  ammonium  sulphide,  and,  sometimes,  free  ammonia.  He  also  investigated 
the  action  of  these  gases  severally,  and  whDe  showing  that  all  of  them,  except 
common  air,  had  a  distinctly  poisonous  effect,  even  as  diffused  from  the  sewer  or 
cesspool,  the  principal  agent  of  evil  in  them  was  the  sulphuretted  hydrogen.  The 
symptoms  produced,  varying  in  degree,  corresponded  in  the  worst  forms  of  exposure 
with  those  of  continued  fever,  and  in  mUder  forms  of  exposure  with  those  of 

feverish  malaiia,  feebliBness,  nausea,  and  want  of  appetite— symptoms  so  commonly 
seen  in  persons  who  live  in  a  close  room  near  to  a  cesspool  or  sewer,  or  in  a  room 
into  which  the  air  of  the  cesspool  or  sewer  enters. 

This  subject  of  impure  air  from  cesspool  or  sewer  emanations  extends  somewhat 

more  into  detail  in  relation  to  the  causation  of  disease.  *  Without  being  '*  literally  " 
a  cause  of  fever,  even  in  its  mildest  form,  the  impure  air  is  often  a  promoter  of 
dyspepsia,  nervousness,  and  depression,  during  the  presence  of  which  conditions  the 
person  affected  is,  in  the  strict  sense  of  the  term,  neither  well  nor  ill. 

Typhoid  or  Enteric  Fever, — Some  years  ago  the  disease  known  at  present  as 
typhoid  or  enteric  fever  was  not  distinguished  from  typhus,  l^phoid  is  now 
recognised  as  a  distinct  disease,  and  has  been  designated  cesspool  fever,  drain  fever, 

and  foul-water  fever.  It  is  a  disease  commonly  connected  with  bad  drainage  of 
the  house  as  its  cause,  but  the  evidence  is  not  so  clear  in  favour  of  its  making 
the  air  the  medium  of  conveyance  as  is  the  evidence  of  such  mode  of  convey- 

ance in  the  case  of  typhus.  Some  physicians  are  so  satisfied  that  typhoid  does 
not  spread  through  the  air,  that  they  are  content,  in  a  sick  ward  of  a  hospital,  to  let 
the  typhoid  patients  commingle  with  the  general  sick;  and  they  affirm  that  the 
risk  is  nil  if  ordinary  precautions  are  taken  to  avoid  certain  easily  specified 
dangers. 

I  am  inclined,  from  experience,  to  hold  the  same  opinion,  but  this  does  not 
render  domestic  sanitation  in  relation  to  typhoid  less  important ;  on  the  contrary, 
it  gives  rise  to  the  necessity  for  additional  care  and  circumspection.  If  it  be  true 
that  the  poison  of  typhoid  is  not  borne  from  one  person  to  another  by  the  air 
within  the  dwelling— and  it  must  be  admitted  that  the  statement  is,  as  a  rule, 
correct — ^it  is  not  the  less  certain  that  the  cesspool  or  drain  is  a  source  of  danger 
and  it  may  be  the  prime  source.  The  evidence  that  has  now  accumulated,  to  the 
extent  of  being  all  but  a  demonstration,  is  to  the  effect  that  the  poison  of  typhoid 

is  thrown  off*  from  the  affected  by  the  secretions  which  pass  from  the  bowels. 
These  secretions  are  poisonous,  and  if  they  enter  so  as  to  infect  the  drinking- 
water  or  other  drinks  or  foods,  through  such  infection  the  disease  easily  passes 
from  the  sick  to  the  healthy.     It  still  remains  a  debatable  point  whether  the 
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emanatioDs  from  the  excretions  of  the  typhoid  patient  may  not  be  conveyed  by 
the  air  if  they  are  permitted  to  dry  upon  clothing  or  other  sabstances,  from 
which,  afterwards,  they  may  mechanically  diffuse  through  the  atmosphera 

PULMONABT  CONSUMPTION  FROM   DEFECTIVE  SANITATION. 

One  of.  the  most  fatal  of  our  English  diseases,  pulmonary  cousumptioUi 
or  consumption  of  the  lungs,  has  been  largely  promoted  by  the  presence  of 
unchanged  and  impure  air  in  the  dwelling-house.  This  &ct  has  been  so  often 
observed,  it  has  led  some  to  believe  that  pulmonary  consumption  is  infectious  under 
certain  circumstances,  and  that  living  in  a  room  where  a  consumptive  person  is 
also  living  may  be  serious  in  its  consequences  to  those  who  are  healthy.  I  hare 
myself  shown  that  consumptive  persons  who  have  lived  in  the  same  apartment  have 
successively  become  affected  by  the  disease,  the  following  being  perhaps  the  most 

striking  of  these  facts  : — A  man,  by  business  a  hawker,  a  "  Cheap  Jack,"  who  was 
accustomed  to  live,  with  some  other  members  of  his  family,  in  the  van  in  which  he 
travelled  from  fair  to  fair,  and  from  which  he  sold  his  wares,  was  brought  to  me  in 
the  third  stage  of  puLnonary  consumption.  He  soon  succumbed  to  the  disease,  and 
was  succeeded  in  business  by  his  brother,  who  followed  precisely  the  same  line  of 
life,  and  came  to  live  in  the  same  van.  His  brother  soon  afterwards  became 

consumptive,  and  died.  He,  in  turn,  was  succeeded  by  his  sister's  husband,  who 
shared  the  same  fate;  and,  not  to  extend  the  narrative  to  an  undue  length,  in  the 
course  of  seven  years  I  had  before  me  no  fewer  than  nine  victims  of  the  fatal 
pulmonary  disease,  in  every  one  of  whom  it  seemed  to  originate  in  that  particular 
travelling-van.  It  was  in  vain  I  protested  to  those  affected  against  continuing  to 
live  under  conditions  so  favourable  to  disease.  They  aigued  that  they  were  constantly 
in  the  open  air  by  day,  that  they  got  regular  change  of  air,  that  they  were  not 
exposed  to  wet,  and  that  at  night  they  were  very  snug ;  in  shorty  they  would  not 

believe  that  the  sleeping  in  the  van-house  had  anything  whatever  to  do  with  the 

The  observation  of  a  series  of  {acta  such  as  these  may  at  first  sight  seem  to 
convey  the  notion  that  the  poison  of  the  disease  was  conveyed  in  the  van,  and 
VB8  communicated  from  one  series  of  its  occupants  to  the  next  The  evidence  is 

not  oonclusiva  The  first  sufferer  had  bought  the  van  new,  and  first  occupied  it  • 
he,  therefore,  did  not  get  the  disease  by  a  process  of  continuation.  The  van  was 
afterwards  regularly  emptied,  cleaned,  newly  painted,  and  exposed  to  the  air ;  so 
that  the  probabilities  of  the  continuance  of  specific  communicable  poison  in  it  are 
most  remote.  The  practical  truth  is,  however,  none  the  less  valuable  that  the 
disease  originated  so  many  times  under  the  same  conditions,  and  truths  of  this 
lund  cannot  be  too  often  related. 

On  a  large  scale,  the  fact  of  the  influence  of  impure  air  in  the  production  of 
pubnonary  disease  was  fully  brotight  out  in  the  Report  of  the  Army  Oommission  in 

1858  respecting  the  life  and  health  of  our  soldiers  quartered  in  England.  Before 

^e  appearance  of  the  Beport,  and  for  some  time  afterwards — until,  indeed,  the 

recommendations   of    that    Eeport  were  acted  upon — the  health  of  our  home- 
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quartei-ecl  soldiers  was  so  bad  that  their  mortalitj  was  actually  doable  what 
it  ought  to  have  been.  The  rate  of  mortality  in  the  effective  men  of  all 

ages  of  the  army  at  home  was  17  5  in  the  thousand.  At  the  same  time 
the  rate  of  the  mortality  of  the  town  and  country  population  at  the  same 

ages  was  9 '2  in  the  thousand,  while  that  in  the  country  districts  only  was  7*7. 
In  the  population  of  one  of  the  most  unhealthy  towns  in  the  kingdom,  namely 
Manchester,  the  mortality  was  then  very  high ;  but  even  in  this  selected  spot  of 

unheal  thiness  it  was  only  12*4  per  thousand  of  persons  of  the  same  ages  compared 
with  the  17*5  of  the  soldiery. 

Here  was,  then,  a  remarkable*  series  of  facts  in  which  contrasts  of  the  most 
singular  kind  were  established.  Nor  did  the  contrasts  end  as  above  stated.  The 

soldier's  life  was  a  selected  life,  and  ought  therefore  to  have  been  better  than 
that  of  the  civilian  of  the  same  age.  It  was  manifestly  much  worse,  and  so  the 

reporters  were  led  to  a  further  analysis.  They  asked  the  question  : — How  does 
this  soldier,  selected  in  consequence  of  his  good  life,  stand,  in  relation  to  life, 
by  the  side  of  the  agricultural  labourer  of  the  same  agel  The  soldier,  they 
allied,  ought  to  stand  in  .a  much  better  position  than  the  agricultural  labourer. 

His  duty  is  in  the  open  air,  he  receives  an  ample  supply  of  food,  he  is  housed  at 
considerable  expense ;  if  he  should  fall  sick,  the  Government  stands  to  him  in  the 
place  of  a  friendly  society ;  when  sick  he  is  at  once  sent  to  the  hospital,  however 

slight  his  illness  may  be.  He  has  no  care  for  the  morrow,  and  he  has  all  ihe  treat- 
ment and  all  the  nursing  his  case  may  require.  Materially,  therefore,  the  soldier  in 

England  had  all  the  advantages  of  an  agricultural  labourer,  with  some  other 
advantages  that  ought  to  have  assisted  his  vital  powers.  How,  then,  did  he  stand  in 
respect  to  vitality?  The  answer  that  came  out  was  the  startling  one  that,  within 

corresponding  ages,  the  mortality  of  the  agricultural  classes  belonging  to  friendly 

societies  was  6055  per  annum  in  a  thousand,  while  in  the  soldier  class  it  was  15'*7 — 
namely,  11*1  per  thousand  in  the  household  cavalry,  13*5  in  the  dragoons,  17*9  in 
the  infantry  of  the  line,  and  20*4  in  the  Foot  Guards. 

Some  further  facts  were  elicited  from  a  comparison  of  the  mortality  of  the 

selected  soldiers  by  the  side  of  men  of  out-door  trades  in  towns,  and  men  of  trades 

that  were  partly  in-door  and  partly  out-door,  and  over  whom  the  friendly  society 
did  or  did  not  throw  its  protection ;  and,  again  the  tale  was  told  that  the  mortality 
in  these  imfavoured  ranks  was  little  less  than  half  that  of  the  Foot  Guards.  Even 

the  printers  yielded  9*090  to  the  20*4  moi'taUty  of  the  Foot  Guards. 

When  the  cause  of  this  great  disparity  came  to  be  investigated,  it  was^discovered 
that  the  diseases  known  as  pulmonary  were  the  fatal  maladies  which  specially 
affected  the  soldier,  and  laid  him  low.  It  was  discovered  that  while  in  civil  life  tlie 

deaths  by  pulmonary  or  chest  diseases  at  the  soldiers'  ages  were  6*3  per  thousand, 
they  amounted  in  the  cavahy  to  7*3,  in  the  infantry  of  the  line  to  10*2,  in  the  Guaixls 
to  13*8.  Of  the  entire  number  of  deaths  from  all  causes  in  the  army,  diseases  of 
the  lungs  constituted  the  following  proportion  : — in  the  cavalry  53*9  per  cent ;  in 
the  infiintry  of  the  line  57*277  ;  in  the  Guards  67*683  per  cent.  Pushing  their 
inquiries  one  step  farther  still,  the  reporters  came  at  last  to  the  kernel  of  their  task. 
Why  should  these  selected  soldiers  suffer  so  specially  from  diseases  of  the  chest  1 
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Was  there  anything  in  their  occupation,  in  their  clothing,  in  their  diet,  that  would 
account  for  the  phenomenon,  and  indicate  the  predisposing  causes  of  their  excessive 
mortality  from  pulmonary  disease.  On  these  points  the  reporters  were  ahle,  by  the 
process  of  exclusion,  to  romove  many  suspected  causes.  They  were  able  to  exclude 
night  duty,  want  of  exercise,  unsuitable  employment,  and  intemperate  and 
debauched  habits.  These  influences  the  inquirers  did  not,  of  course,  ignore,  but  by 
comparison  they  found  them  insufficient  to  account  for  the  disparity  wliich  was 
seen  to  exist  between  the  soldiers  and  the  other  classes  of  the  community. 

At  last  they  came  upon  one  cause  which  they  could  not  exclude,  and  which,  in 
accordance  with  the  Newtonian  saying,  was  both  true  and  sufficient  cause  to  account 

for  the  phenomenon.  That  one  cause,  or  rather  that  one  series  of  causes,  was  ovei^ 
crowding,  insufficient  ventilation,  and  nuisances  arising  from  latrines  and  defective 

sewerage  in  barracks.  A  single  agent,  viUated  atV,  acted  with  such  intensity — 
especially  when  superadded  to  a  certain  degree  of  exposure — as  not  only  to  produce 
iu  the  Foot  Guards  an  amount  of  chest  disease,  and  especially  of  pulmonary 
consumption,  greater  than  was  produced  in  civil  life  by  all  the  other  causes  united, 
bat  actually  to  carry  off  annually  a  number  of  men  nearly  equalling  in  the  infiantiy, 
and  actually  exceeding  in  the  Guards,  the  number  of  civilians  of  the  same  age  who 
died  from  all  classes  of  disease. 

One  final  observation  crowned  this  research  of  the  Commission  of  Inquiry.  The 

Commissioners  compared  the  mortality  of  the  army  when  it  was  hutted  before 
Sebastopol  in  1856  with  that  of  the  troops  at  home,  and  discovered  that  the 

mortahty  before  Sebastopol  was  nearly  one-third  less  than  the  mortality  of  the 
infantry  of  the  line,  while  it  was  two-fifths  less  than  that  of  the  Foot  Guards 

barracked  in  England.  The  mortality  of  the  army  before  Sebastopol  during  twenty- 
two  weeks,  ending  May  31st,  1856,  was,  including  deaths  by  violence  or  accident, 

at  the  rate  of  12*5  per  thousand  per  annum,  as  against  17 '9  in  the  infantry, 
and  20*4  in  the  Guards  quartered  in  England. 

The  record  of  these  observations  is  the  best  and  most  forcible,  because  most 

extended  and  accurate,  that  has  ever  been  supplied  respecting  the  influence  of 

confined  air  in  the  living  and  sleeping  apartments  of  men  who  are  accustomed  even 

to  an  active  life  and  to  the  enjoyment  of  much  out-door  life.  If  I,  or  any  other 

phymologist,  had  desired  to  carry  out  a  great  experiment  in  order  to  inquii*e  how 
diseases  of  the  lungs  might  be  artificially  induced  in  men  who  liad  been  healthy  up 
to  the  time  of  the  experiment,  we  could  not  have  devised  any  method  that  would 
luve  led  to  a  series  of  results  more  striking  or  more  convincing.  Neither 

coald  we  possibly  have  concluded  our  experiment  more  satisfactorily  than  was  done 
in  the  recommendations  of  the  commissioners.  They  recommended  that  an  entirely 

new  gystem  should  be  introduced  into  barrack-life  j  that  air,  fresh  and  pure,  should 
at  all  times  circulate  through  the  buildings,  and  especially  through  the  dormitories; 

and  that  every  soldier  should  have  efficient  and  sufficient  breathing-space.  Since 

these  T^;ulations  have  been  in  force,  the  English  soldier  at  home  has  no  longer  the 

unenviable  position  of  being  first  in  the  ranks  of  those  who  fall  victims  to  pulmonary 

consumption  and  other  affections  of  the  respiititory  organs,  but  is  rather  the  model 

of  a  lower  mortality ;  so  that  as  the  gaols,  once  the  foci  of  fever,  are  at  this  time 
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the  most  free  of  that  disease,  the  barracks,  once  the  foci  of  consumption,  are 
now  the  most  free  of  that  destroying  makdy. 

Here  we  see  a  scale,  as  it  were,  of  disease.  In  the  gaol,  in  its  vexy  worst 
condition  of  foul  air,  the  disease  typhus  was  the  scourge  :  in  the  barrack,  with  foul 
air,  but  less  foul,  consumption  was  the  scourge  ;  pure  air  substituted  in  both  places, 
both  the  diseases  have  been  enchanted  away.  Lessons  such  as  these  should  never 
be  cast  aside^  and  they  apply  with  the  most  telling  force  to  our  present  work  In 

many  of  our  best  houses — ^I  mean  best  in  relation  to  their  appearance  and  cost, 
not  in  respect  to  their  construction — the  errors  that  were  common  in  the  barrack 
are  still  present,  and  rooms  are  used  as  sleeping-rooms  which  stand  in  the  eyes  of 
the  sanitaiian  like  so  many  experimental  boxes  for  the  synthetical  development  of 
pulmonary  disease.  The  room  is  too  small ;  the  room  is  devoid  of  a  fireplace ;  the 
room  is  devoid  of  a  ventilator ;  the  room  has  a  window  that  will  open  with  difficulty, 

and  at  best  but  a  little  way;  and  yet  that  room  is  used  as  a  sleeping-room  for  one, 
or,  it  may  be,  two  persona  These  are  the  rooms  in  which  they  who  are  disposed 
to  pulmonary  affection  find  their  early  f&tea ;  these  rooms  are  the  vestibules  to 
the  grave. 

It  often  occurs  that  these  rooms  in  our  modem  houses  are  situated  on  the  top 

fioor  of  the  house,  in  that  part  which  is  set  aside  for  the  servants.  "  Those,"  it  is 
said  by  those  who  show  the  house  to  the  inquirer,  or  would-be  tenant,  ''  these  are 
only  the  servants'  bed-rooms ! "  As  if  it  were  of  no  consequence  where  the  servants 
were  lodged  for  the  one-third  of  the  life  they  are  in  service.  Often  the  tenant, 
perfectly  satisfied  with  the  intimation,  is  quite  content  not  to  inquire  any  further 
into  such  apartments,  which  are  made  over,  a^  suggested,  to  the  servants,  or  in  some 
instances  to  the  servants  and  to  the  children  of  the  £Eanily.  To  this  neglect  very 
much  of  the  disease  of  the  lungs  which  we  find  in  the  occupants  of  the  rooms  is 
clearly  traceabla     The  barrack  lesson,  on  a  small  scale,  is  definitely  repeated. 

NEUBALOIC  AND   MIASMATIC   DISEASES. 

The  evils  arising  from  close  rooms  and  unchanged  air  in  our  modem  houses  are 
very  much  increased  by  the  presence  in  the  air  of  atmospheric  moisture  or  damp. 

When  damp  is  present,  with  even  free  ventilation  or  passage  of  air  thi-ough  the 
rooms  of  a  house,  there  is  danger  of  mischief  from  the  damp  alone.  The  damp 
interferes  with  the  natural  transpiration  from  the  skin ;  the  damp  becomes  the 
ready  bearer  of  atmospheric  impurities ;  the  damp  maintains  a  low  temperature,  and 
if  the  external  warmth  be  great  it  keeps  up  an  irregular  temperature.  All  these 
influences  combine  to  make  the  place  unhealthy,  without  any  other  factor  of  disease 
being  present.  life  long  spent  in  an  atmosphere  charged  with  moisture  must  be 
attended  with  suffering,  and  the  sufferings  that  are  evoked  are  often  most  severe.  It 
is  in  the  damp  house  that  those  most  painful  of  painful  maladies,  neuralgia  and  acute 
and  chronic  rheumatism,  have  their  frequent  origin ;  and,  again,  it  is  in  the  dam.p 
house  that  the  as  yet  unknown  poisonous  material  called  malarial  poison  finds  its 
home  and  its  means  of  increase.  We  may  say  that  all  damp  houses  are,  after  a 
manner,  malarious  houses.     In  them  the  conditions  are  present  in  which  the  morbid 

k 
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transferable  products  of  all  diseases  are  most  favoured,  certainly  for  transmission, 
and  possiblj  for  growth  and  development. 

It  has  often  been  suggested  that  some  organic  poisons  may  be  condensed  from 
the  water  which  is  diffused  through  the  air  of  the  apartments  in  which  persons 
occnpying  damp  houses  and  damp  localities  live.  This  is,  indeed,  probable  from  the 
known  &ct^  well  carried  out  in  chemical  experiments  on  air,  that  the  gases  diffused 
in  a  confined  atmosphere,  and  the  organic  matter  produced  or  diffused  in  the  same 
plaoe^  can  be  condensed  and  collect-ed  in  water.  Dr.  Letheby,  in  his  examinations  of 
sewer  air,  placed  glass  globes,  holding  within  them  a  freezing  mixture,  in  the  sewer. 
The  water  condensed  from  the  air  on  to  the  outer  surfaces  of  the  globes  was  collected 
from  them  into  a  dish  beneath,  and  was  found,  on  analysis,  to  yield  the  soluble 
sewer  gases,  and  various  forms  of  microscopic  otganic  life.  In  the  human  lung 
we  possess,  as  I  have  shown  in  my  experimental  lectures  on  medicine,  one  of  the 
most  powerful  of  condensing  instruments,  and  we  can  but  see,  when  we  reflect 

thoQghtfuUy,  that  to  inhale  for  hours  at  a  time,  or  days  at  a  time,  a  moist  atmosphere, 
containing  in  its  water  organic  and  inorganic  impurities,  is  to  be  subjected  to 
much  danger.  If  we  inhale  but  ten  cubic  inches  per  breath,  and  by  respiring 
sixteen  times  in  the  minute,  one  hundred  and  sixty  cubic  inches  per  minute, 
we  most  soon  accumulate  an  enormous  storo  of  soluble  noxious  substance  for 
entrance  into  the  blood. 

Thus  an  impure  damp  air  is  a  double  source  of  danger ;  such  air  is  called 

malarious,  and  in  such  air  the  great  malarious  diseases — ^ague,  neuralgia,  and 

rheumatism — ^have  found  their  fitting  homes.  Maoculloch  has  shown  that  such 
malarious  air  affbcts  even  successive  generations  of  residents  in  it :  that  it  produces 

a  degeneracy  of  the  races — a  fact  which  is  never,  he  states,  better  shown  than 
when  the  inhabitants  of  marshy  plains  aro  brought  into  immediate  contact  with 
a  people  of  the  same  radical  origin  and  race  inhabiting  the  healthy  mountains, 
or  hilly  tracts  which  bound  or  include  them.  The  stock,  he  says,  not  only  becomes 

reduced,  but  deformities  are  frequent ;  while,  anatomically,  the  bones  aro  found  to 
!:«  affected :  their  extromities  in  particular  being  unusually  large  and  spongy,  and 

rickets  as  a  positive  disease  being  also  an  implicated  consequence.  In  England 

there  was  a  time  when  in  the  undi'ained  marshy  districts  many  of  these  same  evils 
▼ere  present,  if  not  dominant ;  and  although  we  have,  by  improved  drainage  and 
cnltiration  of  land,  created  an  improvement  in  the  physical  condition  of  the  people 
in  the  respects  named,  we  have  not  removed  all  the  evils.  Dr.  George  Buchanan, 
the  pres^it  distinguished  first  health  officer  in  this  kingdom,  has  shown  with  lucid 
clearness  that  consumption  is  singularly  in  excess  in  districts  whero  the  humidity 
of  the  air  is  most  marked;  while  rheumatic,  neuralgic,  and  miasmatic  affections 

may  still  be  every  day  locally  connected  with  damp  dwellings,  if  they  be  carefully 
and  properly  investigated. 

In  our  modem  towns  and  cities,  and  in  the  newest  parts  of  them,  many  sources 
of  damp  are  encountered.  In  the  construction  of  some  modem  dwellings  bricks  aro 

nsed  which  will  absorb,  as  Mr.  Edwin  Chadwick  has  shown,  as  much  as  a  pound's 
▼eight  of  water.  For  laying  the  bricks,  mortar  is  sometimes  used  in  which  sand 

eontiiiTiwg  aea-salt  forms  a  constituent  part ;  in  the  portions  that  are  constructed  of 
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timber,  wood  that  has  been  brought  across  the  sea  and  has  been  saturated  with  sea- 
water  is  sometimes  employed.  When  these  errors  of  construction  are  introduced 
in  the  building  of  a  house,  damp  is  a  necessary  result  In  wet  weather  the 
building  materials  are  easily  saturated  with  water,  and  the  fires  within  bring  out  a 

fi-ee  diffusion  of  water  vapour.  During  the  dryer  seasons,  while  the  house  is  drying, 
the  warmth  that  is  external  causes  still  a  diffusion  of  vapour ;  and  if  the  house  be 
for  a  short  time  left  dry,  it  is  ready  upon  a  return  of  rain  to  absorb  again,  and, 
like  a  sponge,  take  up  so  much  liquid  to  create  damp  as  befora 

In  houses  of  the  kind  named  the  evidence  of  damp  is  at  almost  all  times  pi*c^nt. 
The  walls  are  seen  to  be  damp ;  or  paper  upon  the  walls  is  observed  to  be  peeling  off 
or  to  be  loose  in  places ;  or  there  is  a  patch  here  and  there  of  saline  encrustation; 
or  there  is  moisture  on  bright  objects,  such  as  the  mirrors,  and  rust  on  steel  grates, 
and  other  polished  metallic  surfaces. 

I  have  met  with  houses  of  this  faulty  construction  so  often,  I  fear  they  must  be 
more  general  than  is  commonly  supposed.  In  a  large  and  fine  hotel  where  I  was 

I'ecently  destined  to  sleep,  I  found  the  bed-room  so  charged  with  damp  that  the 
large  looking-glass  over  the  mantel-shelf  was  dimmed  with  moisture,  and  though  it 
was  late  in  the  night,  I  would  not  sleep  until  I  had  kindled  a  large  fire,  and  produced 
some  degree  of  dryness  in  the  air.  In  hotel  establishments,  it  is  these  damp 

i*ooms,  much  more  frequently  than  damp  sheets,  that  provoke  cold,  fever,  and 
rheumatism. 

Into  our  small  and,  to  the  eye,  pretty  suburban  dwelling-houses,  off  the  large  towns, 
the  same  errors  creep,  and  perform  a  deadly  mischief.  I  once  visited  a  new  and 
pretty  row  of  houses  in  a  London  suburb  to  see  a  young  lady  there  who  was 
suffering  from  pulmonary  consumption.  The  house  was  literally  saturated  with 
moisture.  This  patient  died  from  the  disease  that  had  been  lighted  up  into  activity 
there.  On  making  further  inquiries,  I  found  that  in  the  same  row  of  houses, 
twenty  in  number,  there  occurred  within  the  first  two  years  of  their  occupation  six 
other  instances  of  pulmonaiy  consumption  and  fourteen  instances  of  acute  rheumatic 
fever.  A  patient  who  was  once  under  my  care,  and  who  was  a  confirmed  cripple 
from  rheumatic  disease  following  upon  acute  rheumatic  fever,  gave  me,  in  language 
as  simple  as  it  was  truthful,  the  history  of  her  case  at  its  origin.  Newly  married , 
she  and  her  husband  bought  a  new  house,  which,  in  their  desire  to  settle  quickly, 
they  inhabited  while  the  walls  were  still  bedewed  with  moisture.  She  sickened  with 
acute  rheumatic  fever,  and  never  fully  recovered  from  its  effects.  Worse  than  all, 

every  one  of  her  children — and  she  gave  birth  to  seven  after  her  attack — ^were 
affected  with  rheumatic  disease,  three  dying  from  heart  affection  dependent  upon  the 
rheumatic  constitution. 

A  lesser  degree  of  moisture  in  a  dwelling  than  is  sufficient  to  produce  the  above* 
named  acute  and  serious  diseases  may  be  sufficient  to  cause  much  painful  suffering. 
In  a  large  number  of  instances  neuralgia  and  sciatica  are  either  induced  directly,  or 
are  greatly  promoted  by  residence  in  a  damp  house. 

Dampness  in  a  dwelling  may  be  due,  not  to  a  fault  in  the  materials  of  wliich 
the  house  is  built,  but  to  the  position  of  the  house  itself.  The  fine  old  mansion 
built  in  the  stagnant  valley,  or  on  the  margin  of  a  piece  of  ornamental  water  or 
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lake^  is  too  often  an  illusti^ation  of  this  fact.  A  veritable  supei-stition  now  and 
then  haunts  such  a  mansion.  So  many  of  the  young  who  are  nurtured  there  die  in 

early  youth,  that  the  house  is  said  to  have  a  bad  name — it  is  a  house  of  ill-fortune : 
it  kills  its  young.  About  such  a  house  no  one  is  well ;  the  occupants  altogether 
are  pale,  subject  to  colds,  coughs,  neuralgias,  rheumatisms;  they  say  the  place 

is  "  rheumatiky,"  which  is  but  another  mode  of  expressing  that  the  place  is 
damp. 

One  reason  why  damp  is  so  severe  and  special  an  evil  was  briefly  explained 
when  the  condensation  of  soluble  gases  and  organic  substances  was  referred  to. 
There  is  another  and  purely  physiological  reason  why  humid  atmospheres  injure 
the  body.  Low  barometrical  pressure,  excess  of  humidity  of  air,  and  a  tem^)erature 

low,  but  not  low  enough  to  compensate  for  increase  of  animal  heat  by  absti-action 
of  it  from  the  body,  are  the  conditions  for  a  febrile  state  of  body,  without  regard 
to  actual  absorption  of  organic  poison.  Hence  we  find  that  in  those  months  of  the 
year  when  the  air  is  most  humid,  the  diseases  of  an  inflammatory  and  fobrilo 

character  are  most  predominant^  and  that  even  sui^cal  operations  are  then  followed 
with  a  higher  mortality. 

COLDS,  CHILLS,  AKD   IRRITATIONS. 

The  habitation  is  sometimes  a  cause  of  disease  in  consequence  of  the  body  being 

exposed  in  it  to  colds  and  chills,  the  effects  of  irregular  tempei*atures  and  draughts. 
The  predse  nature  of  a  common  cold  is  still  a  mystery.  It  is  a  nervous  disturbance, 
in  which  the  circulation  of  the  blood  through  the  glandular  system  of  the  skin  or 

mucous  membrane  is  disturbed,  so  that  the  parts  affected,  first  rendered  dry  and 
irritable,  are  afterwards  subjected  to  a  profuse  excretion  and  discharge.  There  are 

seasons  of  the  year,  tiiere  are  conditions  of  the  air,  in  and  during  which  the  tendency 
to  take  cold  is  very  much  increased ;  increased,  as  it  is  believed,  by  some  physical 
change  in  the  atmospheric  sea  itselE  There  are  conditions  in  a  house  which  may 
add  to  this  tendency,  and  which  may  perhaps  induce  the  cold,  even  when  the 
general  tendency  is  not  at  hand.  There  are^  moreover,  some  persons  who  are 
extremely  sosoeptible  to  colds,  from  variations  of  temperature  affecting  the  external 
mtfaces  of  their  bodies. 

In  the  house,  the  prevailing  mischief  is  the  '<  draught/'  as  it  is  called ;  the  passage 
of  a  cnrrent  of  air  sharply  across  the  body,  so  that  the  part  of  the  body  that  is 
exposed  to  the  draught  is  disturbed  in  respect  to  the  balance  of  its  circulation. 
Many  diseases  of  an  acute  kind  thus  originate  from  draught  The  balance  disturbed 
on  the  exterior  of  the  body,  there  is  after  disturbance  in  the  circulation  of  the 

organs  within  the  body ;  of  the  lungs,  of  the  kidney,  of  the  intestinal  ti-act.  The 
Inngs  are  the  parts  which  most  readily  suffer ;  and  congestion  of  the  lungs,  ending 

in  bronchitis,  in  pneumonia,  and,  in  those  who  are  disposed  to  the  disease,  pul- 

monary consumption — ^phthisis  pulmonalis — are  the  too-often  and  serious  resultant 

In  large  houses  the  danger  of  draughts  is  less  than  in  small.     There  is,  iiuU^ed, 

lu)  more  difficult  problem  in  this  uncertain  climate  of  oui's  than  the  problem  of  at 8 
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once  ventilating  a  small   room  properly  and  of  warming  it  properly,  without 
draught. 

Local  irritation,  affecting  the  air-passages  of  the  lungs  and  of  the  sur&ice  of  the 
skin,  is  sometimes  induced  by  the  practice  of  warming  the  air  of  a  room  by  means 

of  a  stove  made  of  cast-iron,  which  stands  out  in  the  room,  and  presents  a  lai'ge  and 
active  heating  surface.  The  air,  beating  on  this  surface,  is  rendered  dry  and  very 
unwholesome,  and  I  have  knowii  instances  in  which  persons,  from  occupying  a  room  the 
air  of  which  was  heated  in  such  a  manner,  have  suffered  from  cough  and  even  from 
spitting  of  blood.  It  is  usual  in  rooms  permeated  with  this  dry  air  to  distribute 
moisture  by  having  cups  of  water  placed  on  or  near  the  stove,  so  that  vapour  of 
water  may  diffuse  into  the  space.  The  practice  is  a  bad  one,  because  there  is  no 
regularity  about  it.  At  one  time  there  is  abundance  of  water  vapour  in  the  air,  at 

another  time  not  sufficient ;  and  when  the  stove  rapidly  cools  down,  the  air  is  left 
cold  and  damp.  Thus  the  relief  which  the  water  renders  in  one  direction  is  lost  in 

another,  and  the  remedy  becomes  as  bad,  if  not  worse,  than  the  evil. 

ENFEEBLEMENT   FROM   DEFICIENT   LIOHT. 

The  political  mistake  which  was  once  made  in  tliis  country,  in  an  age  utterly 
ignorant  of  all  sanitary  science,  of  putting  a  tax  on  light,  had  an  effect  on  healthy 
ai*cliitecture  which  was  disastrous  to  an  extent  little  understood.  It  was  an  act 
actually  criminal  in  its  ignorance,  and  we  see  the  effects  of  it  to  the  present 
hour.  Pure  light  is  as  essential  to  health  as  pure  food  and  drink.  We  are  but 
just  beginning  to  understand  its  vital  value.  Still,  we  now  do  know  that  those 
who  are  immured  in  dark  places  become  etiolated,  or  blanched,  antemic,  feeble. 
We  are  beginning  to  know  more  than  this.  We  are  learning  that  by  the  action 
of  light  the  poisonous  organic  products  which  produce  disease  are  decomposed, 
or  rendered  inactive.  I  found  this  to  be  the  fact  in  respect  to  the  poison  of  the 
cobra  di  capello,  which  poison  retained  its  active  properties  in  the  dark,  but  lost 
them  on  exposure  to  the  rays  of  the  sun. 

UALAISE   AND    PHYSICAL  FEEBLENESS   FROM   DETERIORATED  AIR. 

In  addition  to  the  injuries  to  health  from  air  rendered  impure  in  the  modes 

which  have  been  described  above,  there  are  others  of  a  minor  chai'acter  which* 
though  less  acute  and  alarming,  are  deserving  of  close  attention.  In  some  early 

researches  of  mine  respecting  the  action  of  oxygen  gas  on  animal  bodies,  I  made  a 

series  of  obsei-vations  which  indicated  that  air  may  be  deteriorated  by  the  respiration 
of  animal  bodies,  even  though  the  known  products  of  respiration  be  completely 
i-emoved  from  it.  I  discovered  that  if  a  warm-blooded  animal  were  made  to  live  ia 
an  atmosphere  of  pure  oxygen  gas  it  would  soon  cease  to  continue  in  its  natural 
state  of  active  life,  although  the  atmosphere  in  which  it  breathed  were  cleared,  in 
the  most  careful  manner,  of  the  deleterious  gases  which  pass  off  in  its  expired  air. 
The  discovery  was  not  a  new  one  in  science,  for  the  same  phenomenon  had  been 
witnessed  by  Sir  Benjamin  Brodie  and  Mr.  Broughton  in  their  experiments.     But 

i 



EFFECTS  OF  STAGNANT  AIR.  19 

bj  carryiDg  my  inquiries  a  little  farther  than  theii-s,  I  detected  that,  in  order  to 
produce  the  depressing  effects  which  foUov  the  long-continued  inhalation  of  oxygen 
gas^  it  is  necessary  that  the  animals  should  continue  to  live  in  the  same  chamber  of 

gas.  If  the  gas,  being  freshly  made  at  all  times,  were  passed  through  the  chamber  con- 
taining the  animals,  freely  and  in  current,  then  the  only  changes  that  occurred  were  a 

quicker  oxidation  of  the  body,  an  increased  waste,  and  an  extreme  desire  for  food  : 
conditions  that  were  much  intensified  when  the  temperature  of  the  gas  was  raised 

from  60^  to  70^  Fahr.  I  also  found  that  after  the  oxygen  had  become  deteriorated 
by  being  retained  in  the  chamber,  its  vital  properties  could  be  restored  to  it  by  the 

ample  process  of  passing  electrical  spai*ks  through- it,  provided  always  that  the 
carbonic  acid  and  other  products  of  animal  combustion  were  carefully  removed.  I 
still  farther  observed  that  in  the  oxygen  deteriorated  by  respiration,  dead  organic 
substances  decomposed  more  readily  than  they  did  in  fresh  oxygen,  or  in  oxygen 
after  it  had  been  electrified. 

In  another  set  of  experiments  with  electrified  oxygen,  I  ascertained  that  when  a 
dead  animal  substance  had  undergone  decomposition  it  could  be  made  sweet,  and 
could  be  temporarily  checked  from  undergoing  ordinary  decomposition,  by  the 
process  of  subjecting  it  to  the  infiuence  of  electrified  oxygen.  Some  clotted  blood 

that  had  been  allowed  to  decompose  until,  from  the  formation  of  ammonia,  its  solidi- 

fied fibrine  had  re-passed  into  the  soluble  state,  was  subjecteil  to  a  cun*ent  of  electrL 
fied  oxygen,  and  thereupon  became  so  changed  that  it  was  deodoiised  altogether, 

and  re-assumed  the  solid  or  coagulable  form. 
To  air  deteriorated  in  character  I  have  given  the  name  of  devitalised,  and  I 

have  ventured  to  infer  that  when  in  close  rooms,  impure  dwellings,  and  crowded 
assemblies,  we  feel  or  see  depression,  drowsiness,  and,  it  may  be,  faintness,  there  is 
more  at  work  to  cause  these  effects  than  the  products  of  respiration  or  of  burning 
fnel  or  gas ;  and  that  the  supporter  of  animal  life,  the  oxygen  itself,  is  under  a 
physical  change  of  condition,  by  which  it  is  losing  its  special  sustaining  faculty, 
and  is  becoming,  by  negation,  a  poisonous  agent. 

If  my  views  on  this  important  subject  be  correct,  devitalised  air  plays  a  leading 

part  in  the  production  of  much  of  the  low  condition  of  health  that  marks  the  inhabi- 
tants of  overcrowded  cities  and  houses.  It  is  this  air,  with  no  vegetation  to  purify  it, 

which  is  called  the  "close  air"  of  the  town,  as  distinguished  from  the  'Afresh  air''  of  the 
country ;  it  is  this  air  which  makes  the  child  of  the  town  so  lax,  pale,  and  feeble ;  it 
is  this  air  which  gives  to  some  of  our  public  institutions,  where  many  persons  are 
herded  together,  the  peculiar  odour  which  has  been  so  often  and  so  characteristically 

called  the  "  poor  smell." 

The  great  causes  of  devitalisation  of  the  air  are  organic  exhalations  given  off*  from 
uiimal  bodies  or  extricated  from  organic  substances  undergoing  change.  These,  by 
their  presence  as  well  as  by  their  diffusion,  by  contact  with  the  oxygen  of  the  air 
as  well  as  by  admixture  with  it,  induce  the  bad  sustaining  state  of  the  atmospheric 
oxygen.  In  whatever  house  there  is  an  odoiir  of  what  is  known  as  staleness,  there 

is  this  bad  air.  In  lumber-rooms,  where  all  sorts  of  incongruous  articles  are  stowed 
away  in  gloom  or  darkness;  in  under-stair  closets,  where  clothes  and  shoes  are  kept; 

in  bed-rooms  overstocked  with  furniture  and  covered  with  heavy  carpets,  which  hold 
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in  their  meslies  pounds  and  pounds  of  organic  dust ;  in  dining-rooms,  in  which  the 
odour  of  the  last  meal  is  present  until  tlu\t  of  the  next  meal  varies  it,  and  from  the 
sideboard  or  cupboards  of  which  the  smell  of  decomposing  fruit  or  cheese,  or  other 

kind  of  food,  is  emanating ;  in  drawing-rooms  overstocked,  to  an  extreme  degree,  with 
furniture,  over-curtaine3  and  over-'jarpeted,  and  through  the  air  of  which  the 
scent  of  dead  flowers  is  constantly  diffusing;  in  kitchens,  in  which  the  odorous 
indication  of  cooking  is  perpetually  present ;  in  sculleries,  where  it  would  occur  to  a 

stranger,  whenever  he  might  enter,  that  there  is  then  and  there  a  process  of  washing- 
up  actively  going  on,  and  where  the  products  of  decomposition  from  stewed-up  bones, 
potato-parings,  recent  vegetable  green  food,  with  smells  from  the  sink  of  water 

poured  from  gi^eens,  are  systematically  passing  off;  in  passages  and  corridors, 
loaded  on  their  walls  with  the  dried  skins  and  feathers  of  dead  animals,  or  covered 

on  tlieir  floors  with  worn-out  mats  or  dirty  matting,  and  in  which  the  air  is  always 
close  and  dusty ;  in  libraries,  where  the  books  are  piled  to  the  ceiling,  and  on  the 
shelves  and  volumes  of  which  dust  accumulates  day  after  day^  until  a  book  has  to  be 

flapped  clean  of  dust  before  it  is  usable ;  in  smoking-rooms,  where  at  all  houi*s  the 
fume  of  stale  tobacco  is  ever  present:  in  each  and  all  of  these  places  the  air  is 
devitalised,  in  each  and  all  of  those  places  the  air  is  changed  in  physical  quality, 

and  life  is  not  fully  sustained.  In  such  places,  to  use  a  common  expi'ession,  not 
perhaps  here  found  to  be  applicable  in  a  strictly  experimental  sense,  but  still  suffi- 

ciently applicable  to  bo  generally  correct,  the  oxygen  is  reduced  in  power.  It  is 
being  used  up  for  the  final  destruction  of  organic  substances,  which  are,  in  a 

health  point  of  view,  inadmissible  into  the  air  of  the  dwelling-house. 
The  evidence  of  this  impure  air  is  rendered  in  many  striking  ways,  but 

particularly  by  the  presence  in  the  house  of  the  lower  forms  of  life.  When  fliea 

duiing  warm  weather  are  specially  attracted  to  a  room;  when  "mould"  collects 
quickly  on  the  walls ;  and  when,  in  the  room,  edible  substances  soon  become  mouldy, 
then  it  is  certain  that  the  conditions  of  health  are  not  properly  fulfilled  in  that  room. 
The  same  observation  may  be  made  to  extend  to  what  are  more  distinctly  known  as 

vermin.  A  house  that  is  infested  with  any  kind  of  verminous  insect  is  not  possibly 
a  healthy  house.  It  is  a  house  that  tells  its  own  tale.  That  living  thing  which 
disgusts  the  senses  by  its  presence  does  so  because  the  senses  are  the  outworks  of 
the  body :  because  in  them  the  sentries  of  the  body  are  on  guard  so  vigilantly,  it 
may  be  said  that  everything  that  Offends  the  senses  in  a  marked  and  definite  degree 
offends  the  body  altogether  and  the  life.  There  is  little  excuse  even  for  ignorance 
to  be  unhealthy. 

Persons  living  in  deteriorated  conditions  of  the  air  are  not,  of  necessity, 
marked  out  as  suffering  from  any  definite  form  of  disease.  They  are  not  so  ill  as  to 
require  a  doctor,  and  many  of  them  go  on  for  many  years  without  complaint,  and 

without  admission  that  they  are  sickly  in  the  ordinary  sense  of  the  word.  Othei-s 
are  always  suffering  from  malaise  without  being  laid  up,  but  they  are  seen  to  be 
pale,  easily  wearied,  dull  in  spirit,  and  when  they  have  once  tasted  it,  anxious  and 
longing  for  pure  air,  and  specially  for  the  air,  ozonised  and  fresh,  that  sweeps  over 

the  sea  and  is  tasted  on  the  sea-shoi*e.  The  good  that  is  done  by  sea  breezes  to 
people  who  live  in  large   towns  is  conferred  on  those  chiefly  who,  wiihin   the 

i 
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precincts  of  town  or  country,  are  stived  up  in  close  houses  redolent  with  the 
reduced  and  impoverished  air  that  springs  from  dust,  decomposition,  smoke  of 
tobacco,  or  other  similar  disturbing  agency.  The  occupants  of  all  classes  of  houses 
in  cities  feel,  I  believe,  the  oppression  somewhat ;  but  those  who  protect  themselves 
from  the  deteriorated  air  to  the  fullest  possible  extent,  who  are  able  to  live  and 

breathe  in  light  and  spacious  apartments,  and  who  keep  their  apartments  clean, 

feel  little  need,  by  comparison  with  others  less  favoured  or  less  careful,  for  sea- 
side or  country  residence.  They  suffer  chiefly  from  the  smoke  and  other  much 

more  widely-diffused  agencies  which  fill  the  out-door  spaces  of  the  city,  and  which, 
though  provocative  of  some  derangements  of  body,  are  not  always  at  work,  and  when 
at  work  are  much  less  severe  than  the  spoiled  and  impure  atmosphere  within 
the  dwelling. 

It  deserves  also  to  be  mentioned  in  this  place  that  in  the  house  in  which  the 

air  has  been  subjected  to  influences  leading  to  its  devitalisation,  the  effect  for 

evil  is  much  increased  when  the  epidemic-producing  poisons  are  introduced  It 
is  not  necessary,  neither  is  it  correct,  to  suppose  that  in  a  house  where  the  air  is 
deteriorated  the  specific  poisons  of  the  specific  diseases  will  of  themselves  originate 
because  the  house  is  in  the  bad  state  here  indicated.  But  certain  it  is  that  houses 

which  are  charged  with  impure  atmospheres  are  the  places  in  which  the  septic  diseases 
are  most  likely  to  be  intensified,  and  in  which  they  are  most  likely  to  spread.  The 
physician  who  enters  an  unwholesome  house  into  which  one  of  the  spreading 
diseases  has  found  an  entrance  is  quickly  made  alive  to  the  extra  dangers  that  exist 

in  such  a  dwelling,  is  particularly  guarded  in  the  matters  of  opinion  he  is  asked 
to  give,  and  is  doubly  cautious  in  respect  to  the  due  carrying  out  of  measures  that 
are  of  a  preventive  nature. 

It  is  most  probable  that  in  past  times,  when  all  our  great  centres  of  life  were 

dens  of  imparity,  and  when  the  air  in  all  parts  was  i*educed  in  vital  value,  the 
whole  community  was  subjected  to  the  bad  influence,  and  sometimes  suffered  from 

it  Sydenham,  and  other  classical  medical  writers  and  fine  observers,  according  to 

the  lights  that  were  at  their  command,  have  been  wont  to  use  the  term  "  epidemic 

condition  of  the  air  "  to  explain  the  general  spread  of  great  epidemic  outbreaks  or 
pestilences.  By  this  they  suggested  that  pestilence  depended  on  some  unknown 

and  undefined  state  of  the  air.  I  suspect  they  were  right  and  wrong :  Viglit  in 
supposing  that  a  condition  of  a  peculiar  kind  affecting  the  air  was  present  when 
^e  epidemic  was  present^  and  necessary  as  sustaining  the  epidemic  itself ;  wrong 
in  assuming  the  condition  as  the  originating  cause  of  the  disaster.  In  our  day 
we  should  more  correctly  reason  that  tlie  bad  state  of  the  air  might  exist  for 

years  without  an  outbreak  of  epidemic  disease,  but  that  the  poisonous  pai-ticle  of 
a  disease  of  that  kind  being  introduced,  the  outbreak  was  favoured  and  made 
irresistible. 

It  is  possible,  moreover,  I  had  almost  said  probable,  that  the  great  atmospheric  sea 

itself  may,  over  large  tracts  of  it,  become  so  changed,  that,  without  any  necessary 
^nora  on  our  part,  it  may  be  rendered  incapable  of  sustaining  the  vital  capacities  of 
men  and  animals  to  the  full  or  natural  degree,  and  that  thereupon  there  may  be,  as  the 
old  men  wisely  said,  an  epidemical  atmosphere,  in  which,  in  the  absence  of  contagion, 
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there  may  be  experienced  much  lassitude  and  general  ill-health,  without  more  acute 
symptoms,  and  in  which,  in  the  presence  of  poisonous  particles,  organic  spreading 
diseases  may  assume  a  general  instead  of  a  local  course,  and  a  severe  instead  of  a 
modified  type.  The  peculiar,  I  may  almost  say  the  specific  effects  of  an  east  wind, 
a  wind  which  eats,  as  it  were,  into  the  body,  and  lowers  the  whole  vital  energies,  is 
a  fitting  illustration  of  what  I  mean,  though  it  is  not  absolutely  a  correct  illustration 
according  to  our  present  knowledge.  In  such  an  air  we  know,  practically,  how  some 
diseases,  like  asthma  and  bronchitis,  are  favoured  in  their  development  and  course, 
despite  all  artificial  modes  of  warming  and  other  counteractives.  But  here  our 
knowledge  ceases ;  how  the  air  influences  the  body  guarded  from  its  direct  effect, 

and  seemingly  safe  from  it;  we  cannot  in  any  way  explain. 

ACCIDENTS  FROM   INORQANIO  POISONS. 

The  air  of  a  room  may  be  deteriorated  by  another  means ;  namely,  by  so  lighting 

or  heating  the  room  that  minute  products  of  the  decomposition  of  the  material  that  is 
burning  or  has  been  burnt  are  diffused  through  the  air.  In  the  process  of  lighting  a 

room  by  gas,  the  effects  to  which  I  now  make  reference  are  most  prominent  and  com- 
mon, and  may  therefore  be  cited  as  typical.  When  gas  is  burned  there  is  given  off 

from  it^  in  addition  to  sulphurous  acid  and  cai'bonic  acid,  minute  portions  of  carbonic 
oxide,  an  extremely  deadly  ga&  The  carbonic  acid  gas  that  is  given  off  is  hurtful 
when  it  is  present  in  the  proportion  of  one  per  cent.,  and  is  dangerous  beyond  that 
amount.  The  carbonic  oxide  is  fatal  when  in  the  proportion  of  one  part  per  thousand, 
is  productive  of  very  dangerous  results  when  in  the  proportion  of  one  in  five  thousand, 
and  is  productive,  as  I  found  by  experiment,  of  distinct  effects  when  in  the  proportion 
of  one  part  in  fifteen  tliousand,  even  if  it  be  breathed,  with  interruptions,  for  a  period 
of  ten  to  fifteen  minutes. 

It  is  also  worthy  of  note  that  when  the  carbonic  oxide  gas  is  absorbed 
into  the  blood,  by  respiration,  its  effects  do  not  pass  away  at  once  on  with- 

drawing from  the  gas.  Some  gases  and  vapours,  which  are  very  deleterious 
when  inhaled,  such  as  carbonic  acid,  for  example,  are  quickly  set  free  from  the 
blood  when  the  person  who  breathes  them  is  removed  from  their  influence.  To 

make  a  plain  but  comprehensive  explanation,  they  do  not  adhei*e  to  the  blood  on 
their  way  to  the  tissues  and  the  great  organs  of  the  body.  Their  effect  is,  therefore, 
tiunsitory.  They  affect  while  they  are  being  taken  in ;  they  soon  cease  to  affect  when 

they  cease  to  be  taken  in.  Other  agents,  being  very  readily  soluble  in  water,  ai*e 
absorbed  by  the  water  of  the  blood,  and  linger  for  a  time  in  the  body,  and  keep  up 
some  short  temporary  disturbance  after  they  cease  to  be  supplied  to  the  body;  but  their 
action  is  also  temporary,  for  being  soluble  and  being  volatile,  they  are  steadily  carried 
out  of  the  body  in  the  fluid  excretions  and  by  the  breath.  Carbonic  oxide  plays  a 
much  more  lasting  part  when  it  enters  the  economy.  It  combines,  as  oxygen  does,  with 

the  red  blood  corpuscles,  and  it'  forms  with  them  a  new  compound,  which  changes  the 
course  of  nutrition  so  definitely  that  the  organs  of  the  body  make  new  products. 
Thus  I  discovered,  many  years  since,  that  if  carbonic  oxide  be  for  a  short  time 

inhaled,  even  in  minute  quantities,  the  disease  known  as  diabetes  is  temporarily  set 
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up :  th&t  is  to  say,  siich  a  change  is  produced  in  the  economj  that  glucose  (grape 
sugar)  is  made  in  the  body  in  so  large  a  quantity  that  it  escapes  from  the  kidney 
by  the  fluid  excretion  of  that  organ,  carrying  with  it  an  undue  or  unnatural  flow 
of  water. 

The  bad  effects  of  inhaling  an  air  charged  with  the  products  of  combustion  from 

common  coal-gas  are  mainly  due  to  carbonic  oxide.  The  prolonged  headache,  the 
flushed  facBy  the  quick  pulse,  the  loaded  tongue,  the  copious  secretion  of  urine,  and 
the  succeeding  languor,  lasting  for  some  days  afler  such  inhalation,  are  traceable 
directly  to  this  potent  cause. 

The  effects  of  carbonic  oxide  are  sometimes  shown,  after  it  has  been  delivered 

into  houses  or  public  places,  from  the  coke-furnace  or  stove.  In  the  year  1856 
the  late  distinguished  Dr.  John  Davy,  brother  of  the  still  more  distinguished 

Sir  Humphry,  i*ecorded  in  the  pages  of  my  "Journal  of  Public  Health ''  an 
accident  of  this  kind,  which  was  attended  with  most  serious  consequences. 
On  the  6th  of  January,  1856,  there  assembled  in  the  new  church  at  Ambleside  a  large 
congregation.  The  church  was  of  such  a  size  as  to  have  sittings,  without  galleries 
above,  for  over  900  persons ;  it  was  lofty,  open  to  the  very  rafters,  and  had  a  cubic 
capacity  equal  to  about  150,000  cubic  feet.  The  warming  apparatus  consisted  of  a 
stove  placed  in  a  crypt  under  the  chancel  at  the  east  end,  and  of  a  single  flue, 
communicating  with  the  open  air,  and  running  through  the  basement  floor  of  the 

building  under  the  middle  aisle,  in  which  were  three  grated  openings  for  allowing 
the  air,  heated  by  a  cockle,  to  pass,  two  of  which,  the  western  ones,  were  open,  the 
third,  the  eastern,  closed.  In  consequence  of  the  apparatus  affording  an  inadequate 
supply  of  heated  air,  precautions  were  taken  to  confine  the  heated  and  exclude 
the  cold  air;  the  windows  were  all  closed,  as  were  also  the  doors,  after  the  com- 

menoranent  of  the  service,  only  one  having  been  opened  previously,  and  that  to 
leeward. 

At  the  time,  the  atmosphere  was  in  a  state  not  favourable  to  the  diffusion  and 

dispersion  of  smoke  or  vapour,  but  rather  to  its  stagnation  and  accumulation ;  the 

sky  was  overcast  with  dark,  low  clouds;'  the  little  wind  that  there  was  was 
southerly,  and  so  mild  was  the  day  that  bats  and  insects  were  abroad,  and  were  seen 

on  the  wing  between  one  and  two  o'clock  in  the  afternoon. 
At  the  commencement  of  the  service  there  was  an  unpleasant  smell  perceived, 

like  that  from  coal-tar,  or  of  smoke  from  an  ill-buraing  fire,  and  when  the  sua 
shone,  which  it  did  at  short  intervals,  its  light  was  peculiar,  from  the  hazy  quality 
of  the  va|)orous  air ;  but  no  apprehension  was  felt  of  anything  injurious,  nor  was 
any  alarm  excited  till  towards  the  end  of  the  communion  service,  when,  one  after 

another,   children  and  young   people  began  to  go  out  from  feeling   unwell,   the 
numbers  rapidly  increasing,  till,  shortly  after  the  commencement  of  the  sermon,  the 
alarm  became  so  general,  almost  amounting  to  a  panic,  that  the  minister  thought  it 
necessary  to  abruptly  bring  his  discourse  to  a  termination,  when,  though  there  was 
no  rush  to  the  open  air,  there  was  no  delay  on  the  part  of  any  one  present  from 
seeking  it.     Of  the  scene  outside,  from  the  many  sufferers,  some  prostmte,  some  in 

<iaDger  of  life,  and  variously  affected  by  the  noxious  air  they  had  bi-eathed,  it  would 

be  difficult  to  give  an  idea.     Hardly  a  person,  out  of  a  congi-egation  of  probably 
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400  at  least,  did  not  feel  more  or  less  unwell,  or  was  not  alarmed  on  account  of 
a  child  or  near  relation  seriously  aiTected. 

The  most  robust  of  mature  age,  of  both  sexes,  experienced  least  bad  cflTect : 

little  more  than  headache  of  some  hours'  duration.  Those  who  experienced  the 
worst  effects  were  children  and  young  delicate  women.  Vomiting  was  a  common 

symptom  in  the  former,  and  was  attended  with  great  prostration  of  stix^ngth  and 

feebleness  of  the  heart's  action,  and  a  tendency  to  fainting.  Those  who  threw  up 
the  contents  of  their  stomachs  were  the  soonest  to  recover.  Tremor  of  the  hands 

and  feet,  with  diminished  sensation,  threatening  paralysis,  occurred  in  many 
instances  of  the  latter.  Oppressed  breathing,  with  uneasiness  or  pain  of  chest, 

was  pretty  commonly  experienced.  Next  to  the  very  young  and  delicate,  tliose 

advanced  in  yeai's  and  the  plethoric  seemed  to  be  most  affected. 
Apaiii  from  age  and  constitution,  position,  that  is,  in  relation  to  the  openings 

of  the  flue,  was  not  a  matter  of  indifference  in  regard  to  the  severity  of  the 

symptom.  Those  suffered  most  who  were  nearest  the  openings,  especially  at  the 

west  end,  where  the  majority  of  the  children,  belonging  to  the  Sunday-school, 
were  seated,  not  in  pews,  but  on  open  forms,  so  that  nothing  screened  them  from 
the  flow  of  the  vapour  in  their  direction.  That  there  was  an  accumulation  of  the 

noxious  agent  in  this  portion  of  the  church  was  indicated  in  a  visible  manner  when 
the  doors  towaixls  the  west  end  were  thrown  open,  by  the  stream  of  thick  misty 
air  which  then  rushed  out. 

Of  those  affected,  the  gi-eater  number  were  pretty  well  before  the  following  day. 
In  a  very  few  instances  the  indLsposition  produced  continued,  but  gradually 
diminishing,  for  several  days.  In  one  of  the  most  severe  cases,  a  young  lady  of 
about  seventeen,  the  recovery  was  not  complete  for  nearly  a  week,  and  hardly  then. 
She  fainted  in  the  attempt  to  walk  home,  was  afterwards  hysterically  convulsed, 
had  a  feeling  of  extreme  feebleness  and  languor,  with  oppression  and  pain  of  chesty 
and  loss  of  appetite.  In  a  large  number  of  otlier  instances  something  similar 
occurred.  The  maximum  of  noxious  effects  was  experienced  after  leaving  the 
church  and  going  into  the  open  air. 

Of  the  organs  affected,  the  lungs,  the  heart,  and  the  nervous  system  appeared  to 
bear  the  brunt  of  the  effect.  In  no  case  were  the  bowels  deranged,  and  the 
stomach  and  voluntary  muscles  probably  only  sympathetically.  The  one  instance 

in  which  attention  was  given  to  the  premonitory  symptoms  and  to  the  progress 
of  the  morbid  action  was  that  of  a  delicate  boy,  aged  about  twelve.  His  mother, 
who  sat  by  him,  noticed  his  incessant  yawning,  and  this  for  a  considerable  time 
before  he  was  taken  ill ;  he  became  so  ill  and  suddenly  enfeebled  that  he  required 
to  be  carried  out. 

After  describing  that'  the  effects  in  this  case  were  clearly  due  to  diffusion  of 
carbonic  add  and  carbonic  oxide  in  the  air.  Dr.  Davy  states  that  he  was  minute  in 

description,  in  consideration  of  the  importance  of  the  subject — that  of  warming 
public  buildings,  and  the  too  little  attention  commonly  paid  by  architects  to  a  matter 

involving  risk  of  life.  He  tells  us  that  "in  the  contract  for  building  the 
Ambleside  church  the  mode  of  warming  it  was  not  even  noticed  in  the  specifica- 

tion! and  though  the  flues  were  made  under  the  superintendence  of  the  clerk  of  tUe 
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works,  it  was  without  the  knowledge  of  his  piincipal.  Further,  in  iUust ration  of  the 
want  of  due  attention  to  this  important  object,  owing  to  the  chimney  of  the  stove 
and  of  the  Testry  fireplace  terminating  above  the  belfry  and  in  the  open  vault  of  the 
spire,  the  ringers  on  more  than  one  occasion  had  been  sufferers  from  the  noxious 
gases  descending  on  them,  which  could  hardly  fail  of  happening  in  a  calm  state 
of  the  atmosphere. 

The  want  of  precaution  as  regards  obtaining  artificial  warmth  by  fires  is  of  very 

wide  application,  owing,  undoubtedly,  to  ignorance  as  much  as  to  carelessness. 
Patent  fuel  is  advertised,  fit,  as  vaunted,  for  use  in  stoves  in  passages  and  rooms 
without  chimneys,  as  if  the  carbonic  acid  and  carbonic  oxide  gases  produced  were 
re^irable  and  innocent ;  and  it  is,  no  doubt,  bought  and  employed  with  that  belief. 
How  often  do  we  hear  of  lives  sacrificed  from  burning  charcoal  in  huts  and  tents  1 
It  was  one  of  the  many  causes  in  operation  in  the  destruction  of  life  amongst  our 

troops  before  Sebastopol,  which  ordinary  care  and  science  should  have  excluded." 
In  conclusion,  Dr.  Davy  adds,  that  if  such  morbid  effects  as  have  been  de8cril)od, 

endangering  life,  can  take  place  in  a  church  so  capacious  as  that  of  Ambleside,  and 

holding  at  the  time  less  than  one-half  its  full  complement  of  people,  how  much 
greater  must  be  the  risk  when  a  like  mode  of  heating  is  employed  in  smaller,  more 
confined,  and  crowded  buildings,  whether  public  or  private  1 

There  is  another  source  of  danger  in  relation  to  the  presence  of  carbonic  oxide  gas 

in  the  dwelling-house,  and  that  is  from  the  insidious  escape  from  pipes  or  taps  of  coal* 
gas  itself  in  houses  that  are  lighted  by  it.  When  coal  gas  escapes  in  free  quantities,  the 
peculiar  odour  it  emits  very  fortunately  discloses  the  danger,  and  leads  those  who  are 
exposed  to  it  to  take  prompt  measures  to  prevent  the  escape  and  to  change  the  air. 
All  this  is  as  it  should  be  :  the  odour  of  the  gas  is  a  safeguard.  There  remains, 

however,  more  to  be  told.  Coal-gas  contains  from  seven  to  eight  per  cent,  by 
volume  of  the  inodorous  carbonic  oxide.  Whenever,  therefore,  coal-gas  escapes  into 
a  room,  even  though  it  be  in  such  small  quantities  as  not  to  be  directly  detectable 
by  its  odour,  it  becomes  a  source  of  danger. 

This  fact  was  well  Ulustrated  lately  in  my  own  house,  and  in  the  library  in  which 

I  am  at  the  present  moment  writing.  The  library  is  of  good  size.  It  has  a  cubic 
capacity  of  6,000  feet^  and  it  is  flairly  ventilated,  although  improvements  are  yet 

wanted  in  that  direction.  Some  weeks  ago  I  began  to  suffer  from  peculiar  symptoms. 
I  felt  at  times  drowsy  during  the  day  without  any  apparent  reason,  and  soon  upon 
that  I  had  a  sense  of  nausea  and  giddiness,  followed  by  a  sense  of  coldness  of  the 

l>ody,  feebleness,  and  inaptitude  for  work.  At  first  I  imagined  that  these  symptoms 
were  due  to  derangement  of  the  stomach  or  indigestion ;  but  this  did  not  fully 
account  for  them,  and  in  a  day  or  two  I  noticed  that  they  invariably  came  on  in  the 

library,  alter  I  had  been  sitting  in  it  for  an  hour  or  so,  and  that  they  were  soon 
relieved  when  I  went  out  of  the  room.  At  last  the  addition  of  another  symptom  led 
me  to  feel  sure  that  the  air  of  the  library  was  the  source  of  the  mischief,  and  that  I 

was  Bufieiing  from  the  effects  of  inhaling  carbonic  oxide.  I  compared  the  symptoms 
I  was  now  undergoing  with  those  I  experienced  when  inhaling  carbonic  oxide  in 
experiment,  and  I  had  no  doubt  as  to  the  identity.  There  was  but  one  source  for 

carbonic  oxido  in  the  place,  and  that  was  the  coal-gas. 
4 
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In  the  room  at  large  thei*e  was  no  odour  of  the  gas.  We  sought  for  escape 
of  gas  from  the  burners  of  the  chandelier  and  from  the  pipes  leading  to  it,  but 
witho.it  result  At  last,  on  opening  a  small  cupboard  at  the  lower  part  of 
the  room,  in  the  comer  to  the  right  of  the  fireplace,  a  faint  odour  of  gas  was 

l^erceptible,  for  the  moment,  afler  the  door  of  the  cupboard  was  opened.  This 

recess  was  below  the  book-shelves,  and  there  was  no  supply  of  gas  anywhere 
near  to  the  spot.  A  further  search  was  therefore  carried  out  in  the  basement 
l^elow  the  library,  and  ultimately  it  was  discovered  that  a  small  portion  of 

gas-pipe  passed  over  a  partition  wall,  between  the  upper  part  of  the  wall  and 
the  ceiling.  On  cutting  down  to  that  concealed  pipe — the  existence  of  which  had 
not  been  suspected — ^it  was  found  to  leak,  and  a  minute  jet  of  gas  was  detected 
iH.suing  from  it  into  the  space  above  it  and  into  my  room.  Entering  into  the 

room  at  the  base  of  a  lai^  set  of  book-shelves,  it  diffused  behind  the  books  and 
gradually  into  the  air,  not  in  sufBcient  quantity  to  be  detectable  by  the  senses,  but 

in  quite  sufficient  quantity  to  be  detectable  by  one  who  happened,  from  the  result 
of  exceptional  work,  to  have  experimented  with  it^  and  to  have  learned,  by  this 
purely  exceptional  experience,  the  action  of  one  of  its  constituents  on  life  and 
health.  Had  I  been  a  man  of  letters  or  business  merely,  I  am  sure  that, 
failing  to  understand  the  cause  of  the  very  unpleasant  symptoms  which  I  felt, 

I  should  have  consulted  a  physician,  and  in  all  probability  should  have  sug- 
gested a  case  the  nature  and  cause  of  which  would  have  remained  in  extremest 

obscuiity. 

I  dwell  on  this  question  of  carbonic  oxide  and  its  action  on  the  body  at  great 
length,  for  the  simple  reason  of  its  immense  practical  importance.  We  cannot  be 
too  much  alive  to  the  existence  of  an  agent  so  easily  generated,  so  readily  difiused, 
so  subtle  in  its  action,  so  injurious  in  its  effects. 

IBBITATIOKS  FROM  METALLIC  POISONS  AKD  DUSTO. 

Irritations,  leading  to  much  irregularity  of  health,  may  be  induced  in  the 
household  by  the  diffusion  through  the  air  of  it  of  minute  particles  of  dust,  and 
of  certain  dusts  which  are  derived  from  metallic  coverings  on  surfaces  of  waUs^ 
or  of  walls  and  oeilitigB*  Whenever  a  room  is  dusty,  it  is  unhealthy.  When  a 

room  is  packed  with  furniture  that  is  capable  of  holding  and  retaining  ordinaiy 

dust,  it  IB  unhealthy.  Every  time  such  dust-holding  furniture  is  trodden  upon 
or  pressed  by  being  sat  upon,  a  small  cloud  of  dust  is  given  off.  The 
dust  may  not  be  visible ;  it  may  require  actually  a  beam  of  the  sun  to  be 

able  to  render  it^  or,  more  properly  speaking,  the  light,  visible.  But  the  dust  never- 
theless is  there,  and  if  we  could  irradiate  our  rooms  with  a  strong  beam  of  sunlight, 

I  suspect  that  most  of  us  would  be  startled  to  see  what  an  atmosphere  of  dust  we 
take  into  the  lungs  each  time  we  breathe  the  air  of  what  many  would  call  a  model 
house. 

It  is  fortunate  for  Us  that  we  are  provided  with  an  apparatus  of  a  minute 
ciliary  kind,  which  is  ever  at  work  in  the  bronchial  tract,  sweeping  it  out  as  it 

wei*e  towards  the  mouth  by  myriads  of  infinitely  miimte  brushes^  and  preventing 



BV1L8  OF  DUST.  27 

the  particles  of  dust  from  entering  the  ultimate  or  yefiicular  parts  of  the  lungs.  It 

is  equally  fortunate  for  us  that  'the  greater  portion  of  the  inorganic  dusts  are 
insoluhle,  so  that^  although  they  fall  on  the  mucous  surface  of  the  lung,  they  are  not 
Absorbed  by  that  surface  and  carried  away  into  the  circulation.  Thus,  as  a  rule,  we 
escape  the  bad  consequences  arising  from  dusts  in  the  air  we  breathe ;  they  traverse 
a  certain  length  of  the  respiratory  tract ;  they  are  wafted  back  into  the  throat;  and 

they  are  then  swallowed  and  disposed  of  in  the  stomach  or  other  part  of  the  alimen- 
taiy  canaL 

There  are,  however,  some  dusts  which,  being  metallic  in  character,  soluble, 
and  poisonous  withal,  are  not  so  innoxious  as  the  common  inorganic  dusts.  It 
has  become  a  custom  since  the  introduction  of  the  fashion  of  covering  the  walls  of 

rooms  with  various  coloured  and  beautiful  papers  to  use  arsenical  substances  for  the 

IHirposes  of  colouring.  Green  papers  have  thus  become  specially  objectionable,  and 
the  green  flock  has  in  some  cases  been  a  veritable  source  of  danger.  It  has  also 

been  shown  by  I>r.  Leonard  Sedgwick  that  papers  coloured  blue,  and  which  hereto- 
fore have  not  been  considered  as  charged  with  arsenical  substances,  may  still  contain 

arsenic,  and  become  poisonous  to  the  air. 

The  bad  effects  arising  from  the  presence  of  dusts  in  the  air  of  the  dwelling- 
house  are  largely  confined  to  those  which  spring  from  arsenical  dusts.  In  factories, 

mmes,  potteries,  corn-stores,  flour-mills,  and  metal-grinding  workshops,  in 
rooms  where  rags  are  sorted,  and  in  rooms  where  pearl-grinding  is  carried  on,  the 
mechanical  injuries  from  the  inhalation  of  irritating  dusts  are  serioua  But 
in  the  house  the  most  appreciable  evils  are  from  arsenical  dusts.  I  do  not  mean  to 
saj  that  the  inhalation  of  ordinary  dust  is  harmless.  Far  from  that.  The  dense 

dark  colour  of  the  mucus  expectorated  from  the  throats  of  those  who  breathe  a 
(iosty  or  smoky  atmosphere  itself  attests  that  such  an  atmosphere  must  be 
ohstractive  to  natural  respiration,  and,  as  a  matter  of  course,  injurioua  It  is  also 

fair  to  suppose  that  the  feebleness  and  unhealthiness  of  persons  who  live  in  atmo- 
spheres of  dust  are,  in  part,  due  to  such  exposure.  But,  on  the  whole,  the  evils 

that  are  distinctly  traceable  are,  mainly,  those  which  spring  from  the  arsenical 
particles  which  float  in  the  air  of  rooms  covered  with  arsenical  colours.  The 

j^ptoms  are  those  of  initation  of  the  conjunctival  membrane,  of  the  eyes,  of 
the  mucous  membrane  of  the  nose,  throat,  and  bronchial  passages,  and  in  very 

W  cases,  of  the  mucous  membrane  of  the  stomach,  bowels,  and  bladder, 
The  skin  is  occasionally  aflected. 

PRINCIPLK8  OF  DOMESTIC  SANITATION. 

The  intention  and  object  of  domestic  sanitation  is  so  to  constnict  homes  for 

human  beings,  or  if  the  homes  be  constructed,  so  to  improve  them,  that  the  various 
(liseases  and  ailments  incident  to  bad  construction  may  be  remove<l  to  the  fullest 
possible  extent  The  diseases  need  not  be  looked  upon  as  necessities  of  existenco, 
bat  may  be  recognised  as  results  of  ignorance,  or  as  accidents  which,  though  they 
may  not  spring  from  sheer  and  wanton  ignorance,  are  removable  by  accurate, 

foreseeing;  and  all-providing  knowledge. 
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(1)  The  first  principle  in  the  construction  of  the  healthy  house  is  to  put  into 

it,  for  building  purposes,  and  for  furnishing  purposes,  as  little  as  possible  of  all 
substances  that  hold  and  retain  those  specific  particles  of  disease,  which  being 

set  free,  spread  by  diffusion,  and  excite  their  specific  diseases.  Thus,  in  all  con- 
structions porous  materials  are  bad ;  absorbing  materials  are  bad;  materials  such  as 

thatch  and  straw  for  roofings  are  bad.  In  furnishing,  woollen  and  fluffy  materials  are 
bad;  heavy  curtains  to  beds  and  windows  are  bad;  carpets  which  cover  the  whole  of  a 
room  are  bad.  In  a  word,  all  materials  that  catch  dust^  keep  dusty,  hide  dust^ 

and  on  being  shaken  yield  clouds  of  dust,  ai'e  bacL 

(2)  The  second  principle,  and  it  is  a  basic  principle  in  domestic  sanitation,  is  to 
take  care  that  everything  that  is  generated  in  the  house  and  that  is  of  an  excre- 

tive, offensive,  and  injurious  form,  shall  be  prevented  accumulating  in  the  dwelling. 
Whether  it  be  dust  or  refuse,  or  remnants  of  food,  or  sewage,  it  is  necessary  that  it 
be  removed  as  it  is  produced.  The  foundation  of  this  principle  is  laid  in  the 
drainage  of  the  house.  Unless  a  house  be  so  drained  that  it  is  absolutely  cut  .  oft 
from  the  sewer  into  which  its  contents  are  discharged,  it  is  not  a  healthy  home 
Unless  a  house  be  so  drained  that  the  emptying  of  its  sewage  is  an  immediate  process, 
so  immediate  that  as  the  sewage  is  poured  forth  it  finds  its  way  from  the  house 
direct  into  the  sewer,  the  house  is  not  a  healthy  home.  It  will  be  shown  in  the 

future  pages  of  this  work  that  this  perfect  regular  cleansing  of  the  house  is  just  as 
easily  attainable  as  is  the  fatal  jAan  of  making  the  house  its  own  sewer. 

To  carry  out  perfect  drainage  it  is  essential  that  all  pipes  leading  into  or  from 
a  house  should  be  within  ready  reach,  and  should  always  be  open  to  inspection  at 

various  places  in  their  course.  The  main  soil-pipe  should  at  all  times,  where  it  is 
possible,  be  on  the  outside  of  a  house;  it  should  be  open  at  the  upper  part,  and,  under 
proper  arrangement,  it  should  also  be  open  at  the  lower  part;  but  if  it  be  impossible 
to  have  a  pipe  outside  the  house  and  readily  accessible  there,  if  the  pipe  must  be 
inside  the  building,  .so  much  the  more  important  is  it  that  it  should  be  throughout 
its  course  in  sight,  and  so  accessible  that  at  any  moment  it  can  be  reached. 

To  enclose  a  soil-pipe  in  a  wall  in  such  a  manner  that  it  can  only  be  examined 
after  days  of  work  and  a  vast  amount  of  costly  destructive  mischief,  is  the 
worst  plan  that  can  be  adopted.  .  Clear  throughout  its  entire  course,  the  pipe  should 
also  be  open  to  the  air  at  the  top,  and  in  the  lower  part  or  basement  of  the  house 
should  be  made  to  enter  a  space  which  in  its  turn  is  o])en  to  the  air,  so  that  the 
collection  and  retention  of  gases  is  impossible  anywhere,  and  so  that  any  pressure 
of  gas  is  equally  impossible. 

Care  must  eventually  be  taken  in  respect  to  the  drainage  of  the  house,  that  the 
contents  discharged  from  the  sewer  be  carried  away  by  the  escape-pipe  from  the 
house  in  the  most  perfect  and  rapid  manner.  All  intercepting  catch-pits,  all  and 
everything  that  can  by  the  merest  accident  hold  and  retain  the  sewage,  must  be  com- 

pletely rejected.  Equal  care  must  be  taken  that  the  soil-pipe  running  from  the  house 
into  the  sewer  shall  not  itself  become  like  a  sewer,  from  being  too  large  to  be  com- 

pletely flushed.  As  a  rule,  a  pipe  four  inches  in  diameter  is  of  sufficient  size  to 
convey  away  all  the  contents  of  an  ordinary  house ;  of  a  houscj  for  example,  that  can 
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comfortably  aooommodate  ten  persons.  For  a  house  used  as  a  dwelling-house  only 

a  six-inch  pipe  is  sufficient  for  a  family  of  any  size,  the  loile  being,  ceteris  paribus, 
that  the  smaller  the  tube  the  more  complete  and  certain  is  the  flushing  and  cleansuig. 
The  pipe  properly  selected  in  respect  to  its  size  should  be  laid  in  such  a  manner  that  it 

is  open  at  both  ends.  It  should  start  from  the  open  space  into  which  the  descending 
pipe  from  the  house  pours  its  contents,  and  outside  the  house,  before  it  enters  the 

sewer,  it  should  have  an  ascending  branch  communication  with  the  open  air. 

When  these  precautions  are  used,  there  can  be  no  accumulation  of  sewer-gas  and 
no  pressure  of  gas  between  the  descending  pipe  and  the  sewer. 

Lastly,  the  utmost  care  should  be  taken  to  make  the  pipes  that  convey  the 
sewage  from  the  house  perfect  in  and  throughout  their  course,  so  that  thera  shall  be 

no  leakage  by  the  way.  The  sewer-pipe  should  be  as  perfect  in  this  respect 
as  the  coal-gas  pipe.  Up  to  the  present  time  that  result  has  not  been  achieved, 
though  we  are  now  making  close  approaches  towards  it.  I  leave  it  with  the  essayist 
who  shall  specially  treat  of  this  part  of  our  work  to  decide  what  material  is 

best  for  the  soil-pipe, — eai-thenware,  iron,  glass.  My  impression  is,  that  iron, 
or  glass  of  sufficient  strength  and  well  jointed,  would  be  by  far  the  best  material. 
It  would  be  impermeable  and  lasting,  and  glass  would  show  the  facts  of  obstruction 
and  accumulation  wherever  they  might  occur. 

The  tube  running  from   the   descending  pij^e   into  the  sewer  ought  always 

when  it  is  practicable,  to  be  carried  outside  the  dwelling,  and  in  entering  into 
the  sewer  from  the  house  it  ought  to  be  securely  trapped  between  the  oi)ening 

immediately  outside  the  house  and  the  sewer.     The  best  traps  for  tliis  purix)se 
will  be  described  in  a  subsequent  chapter. 

To  Mr.  Rogers  Field,  C.K,  and  others,  we  are  much  indebted  for  .improvement 
in  systems  of  house  drainage ;  and  I  have  seen  a  house  after  it  had  been  drained  hy 
Mr.  Field  as  entirely  cut  off  from  the  sewer  and  from  sewer  emanations  as  if  it  had 

been  set  on  a  mountain-side  and  had  been  drained  into  the  open  air  at  a  distance 
from  it  So  ought  every  house  to  be  drained.  It  is  criminal  to  let  disease  enter 

any  house  by  that  hitherto  grand  staircase  for  disease — ^the  passage  from  the 
cesspool  or  common  sewer. 

(3)  A  third  principle  in  the  construction  and  arrangement  of  the  healthy 

house  is  to  have  it  so  built  that  it  shall  not  hold  damp  in  any  part.  All  the 
materials  used  in  building  should  be  compact,  dry,  and  impermeable  to  wet 
The  wood  should  be  sound  and  well  seasoned,  the  biicks  or  stones  should  be 

^  of  porosity  and  power  of  absorbing  and  retaining  water ;  the  plaster  on  the 

"^iiikj  and  all  the  substances  with  which  the  walls  are  covered,  should  be  firm 
and  impermeable.  The  idea  that  a  surface  which  shows  damp  and  allows  water  to 
trickle  down  it  is  a  bad  surface  because  it  illustrates  the  fact  of  damp  so  decidedly, 
is  a  &lse  idea  altogether,  for  if  an  absorbable  surface  were  there,  tliere  would 

be  none  the  less  damp,  but  a  means  by  which  the  existing  dampness  would  bo 
concealed.  Every  external  source  of  damp  should  also  be  provided  against 

The  space  round  the  base  of  every  house  should  be  open  for  some  feet  from  the 

^^alls,  and  the  drainage  of  the   space   be  made   complete.     Every  leakage   from 
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drain  or  pipe  should  be  effectively  closed,  and  the  flow  of  water  from  the  roof 
be  carried  off  in  a  manner  that  shall  prevent  accumulation  on  the  roof  and 

in  the  passages  by  which  the  water  is  conveyed  away.  In  a  word,  the  appearance 
of  damp  anywhere  in  a  house,  whether  it  show  itself  by  direct  evidence  of 
moisture,  by  rust,  by  mould,  is  sufficient  to  indicate  that  the  house  is  not  in 
a  condition  compatible  with  the  existence  of  health  within  its  walls. 

(4)  A  fourth  principle  in  house  sanitation  is  to  ensure  the  full  admLssion 
of  light.  There  ought  not  to  be  a  dark  room  iu  any  human  habitation.  It  is 

all  but  impossible  to  let  in  too  much  of  the  sun.  As  a  rule,  a  south-westeni 
light  is  most  desirable,  inasmuch  as  that  light  feeds  the  dwelling  for  the  greater 

portion  of  the  day;  but  no  such  advantage  as  would  come  from  the  possessiion 
of  that  source  of  light  should  prevent  tlie  admission  of  it  from  other  aspects. 
It  should  be  kept  steadily  in  mind  tliat  the  light  not  only  makes  all  clear  that 

should  be  clear,  but  that  it  purifies,  and  tliat  when  it  cannot  be  dii*ectly  admitted 
into  a  room,  it  should  be  admitted  by  being  reflected  from  a  good  reflector.  In 
planning  windows  the  utmost  care  ought  to  be  taken  that  they  are  of  sufficient 
size,  and  that  they  are  not  overshadowed  by  overhanging  architecture,  or  obscured 
by  the  smallness  of  the  panes  and  the  excess  of  the  framework. 

The  plan  of  introducing  coloured  glass  into  windows  as  an  ornamentation 
admits  of  little  objection  if  it  be  not  oveixlone,  and  if  the  places  and  colours  be 

carefully  selected.  Blue  is  a  good  colour  to  admit  if  it  be  not  dense,  and  green 
much  softened  ia  unobjectionable.  Red  is  rather  painful  to  the  eyes  after  a 
time,  and  yellow  interferes  so  much  with  the  chemical  action  of  light  it  ought 

never  to  be  introduced  into  windows  of  a  dwelling-housa  In  the  main,  the 

points  of  practice  in  lighting  are, — purity  of  light,  light  from  all  points  of  the 
compass  when  it  can  be  had,  and  abundance  everywhere. 

(5)  A  fifth  principle  in  the  construction  of  the  healthy  home  is  to  secure 
pure  and  warm  air,  free  distribution  of  it  through  every  room,  perfect  means 
for  allowing  escape  of  air  that  has  been  used,  and  such  sufficient  means  for 
warming  air  that  it  shall  not,  by  creating  irregular  currents,  be  a  cause  of  cold 

di^aughts.  In  considering  how  these  advantages  are  to  be  secured,  it  is  well  to 
keep  generally  in  mind  the  following  general  rules.  In  every  dwelling-room 
twenty-four  square  inches  of  space  should  be  allowed  for  each  person  as  an 
admission  space  for  air.  The  same  should  be  allowed  for  exit  space.  Air  should 
always  be  steadily  admitted,  whenever  it  ia  practicable,  from  the  outside  of  the 

house,  through  a  conduit,  to  a  chamber  at  the  back  of  the  fire-stove;  and, 

warmed  there  to  60**  to  65**  Fahr.,  it  should  pass  by  a  separate  conduit  towards  the 
upper  part  of  the  room,  to  be  admitted  through  the  wall  into  the  room.  Captain 

Galton's  stove  answera  well  for  this  purpose,  and  in  building  new  houses  there 
should  always  be  a  special  consti*uction  for  admitting  warm  air.  Again,  the 
basement  of  the  house  should  be  so  arranged  that  the  air  from  it  should  not 

ventilate  into  the  upper  rooms  to  stagnate  there.  Through  every  roof  there 

should  be  an  efficient  opening  into  the  air  to  act  as  a  pure  ventilating-chimney 
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for  canying  away  the  mixed  atmospliere  fix>m  all  part&     Bed-rooms  should  be 
specially  well  ventilated  and  warmed  equally. 

On  the  whole,  the  chimney-draught  forms  the  best  exit  from  the  sitting  or 
sleepiDg  room,  and  the  Amott  exit  valve  into  the  chimney  near  to  the  ceiling  is 
efficient  The  air  should  be  admitted  either  by  the  Galton  stove,  or  by  the  window  on 

Dr.  P.  H.  Bird's  method,  or  by  the  Sheringham  valve,  which  opens  from  the  outside 
at  the  upper  part  of  the  room,  or  by  ihe  Tobin  tube.  For  drawing-i*ooms  specially, 
Mrs.  Priestly  has  lately  invented  a  veiy  simple  and  elegant  method  of  ventilation. 

This  consists  in  making  a  double  window  half  way  up  the  window-space,  the  half 
window  being  composed  of  two  light  folding  glass  doors.  Between  these  doors  and 
the  sash  of  the  window  flowers  are  placed,  and  when  the  lower  sash  of  the  window 

i.s  raised  a  little  distance,  the  air  passing  up  through  the  flowers  ventilates  over  the 

half  window-doors  into  the  room.  In  constructing  new  houses  provision  ought  to 

be  made  for  bringing  in  the  air-supply  from  the  upper  part  of  the  house,  from  the 
outside  roof  down  through  the  house  into  each  room.  I  have  modified  an  old  house 

80  as  to  bring  this  improvement  into  perfect  action. 

(6)  The  last  grand  desideratum  in  the  house  is  the  supply  of  pure  water. 

Properly,  the  water-supply  ought  to  be  constant,  so  that  storage  of  it  within  the 
dwelling  is  unnecessary.  When  that  is  impossible,  the  cistern  which  receives  the 
water  should  be  left  as  open  to  the  air  as  it  can  be,  shoidd  be  made  of  slate  or 
galvanised  iron,  should  be  often  emptied,  and  frequently  cleansed  The  plan  of 
placing  the  dstem  out  of  the  way,  so  that  it  is  difEicult  for  a  man  to  get  into  it  to 

clean,  and  so  that  it  becomes  charged  with  foul  air  from  any  source,  is  most 
objectionable  and  dangerous.  With  the  best  cistern  the  water  ought  to  be  well 

filtered  after  it  is  drawn — a  process  which  is,  I  think,  preferable  to  that  of  having 
the  filter  permanently  within  the  cistern. 

SUMMART. 

I  have  now  endeavoured  to  give  an  outline  of  general  domestic  sanitation. 

1  have  striven  to  show  what  deadly  foes  may  be  bred  within  the  habitation, 

how  they  may  spread  in  it^  and  how  they  may  be  retained  within  its  walls.  I 
have  tried  to  indicate  what  are  the  essentials  in  a  house  for  keeping  it  free  of  the 
deadly  enemies  that  may  spring  up  in  it,  and  for  maintaining  its  perfect  salubrity. 
I  have  shown  that  the  healthy  house,  be  its  construction,  and  I  may  add,  be  its 
architecture,  what  it  may,  must  have  for  its  charter  of  health  the  following  seven 
points. 

It  must  present  no  facilities  for  holding  dusts  or  tJie  poisonous  particles  oj 
disease;  if  it  retain  one  it  is  likely  to  retain  tJie  other. 

It  must  possess  every  facility  for  the  removal  of  its  impuHties  as  fast  as  tJiey  are 
produced. 

It  must  hefteefrom  damp. 

It  must  he  well  filled  wiih  dajfliglU,  from  all  points  tJuit  can  be  charged  with  liglU 
from  Ute  sun,  vnthout  glar^ 
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Jt  TntLsi  he  citarged  with  perfectly  pure  air  in  steady  changing  current. 

It  must  he  maintained  at  an  even  iempei'ature,  atid  must  he  free  of  draughts. 
It  must  he  charged  wiUi  an  effideiU  supply  of  pure  and  perfectlyfiUereAi  uxUer. 
A  house  possessing  the  advantages  named  under  these  heads  cannot  be  far  from 

a  perfected  healthy  house.  It  is  a  house  in  which  disease  will  never  be  generated, 
so  long  as  it  is  kept  up  to  its  proper  standard.  It  is  a  house  in  which  disease,  if  it 
be  introduced,  will  remain  for  the  briefest  possible  period.  It  is  a  house  which, 
after  disease  has  left  it,  will  admit  of  instant  and  complete  purification. 

The  details  of  such  a  dwelling  in  all  its  purity  I  leave  for  descriotion  to  the 
learned  writers  who  are  to  follow. 

i 



ARCHITECTURE. 

Bt  PuavAL  GoBDOV  BmTB,  F.B.I.RA.,  AHD  KxiTH  DowHift  Yonvo,  A.B.I.B.A. 

CHAPTER  L 

BITE    AND    ASPBOT. 

CuiitaunmatM  Sites — Snbaoil— Ahaorpiion  of  Soils — Ground  Air— Diaease  often  due  to  Site— Drainage 
— ^Prevention  of  Exhalations^  Aspect — flight  and  Wind. 

The  site  for  a  hoose  is  one  of  the  moat  important  points  that  has  to  be  considered 

by  any  one  about  to  bnild.  Whether  he  oontempkttes  an  ordinary  dwelling-house, 

a  town  residenoe,  a  suburban  villa,  a  labourer's  cottage,  or  a  country  mansion,  the 
question  of  site  calls  for  the  utmost  consideration. 

Until  within  a  recent  period  there  has  been  far  too  little  attention  paid  to  this 

important  subject.  Indeed,  it  is  only  within  the  last  few  yean  that  public  attention 
has  been  generally  directed  to  it.  This  has  been  done  in  the  provinces  by  the 
model  building  regulations,  issued  by  the  Gk>vemment,  in  1877,  for  the  guidance  of 
Local  Sanitary  authorities  in  framing  bye-laws  as  to  new  buildings  in  their  districts; 
and  in  tiie  metropolis  by  the  bye-laws  made,  in  1879,  by  the  Metropolitan  Board  of 
Worka 

It  is  well  known  that  where  proper  regulations  do  not  exist,  builders  and  others 

oocaaonally  dig  out  from  the  site  of  a  new  house  good  materials,  such  as  sand, 
gnivel,  brick-earth,  or  other  substances  that  have  a  marketable  value,  and  cause  the 
excarations  so  made  to  be  filled  in  with  any  rubbish  that  is  available-— often  not  of 
the  sweetest  kind.  This  is  obviously  liable  to  be  highly  prejudicial  to  the  whole- 
someness  of  the  house  that  is  to  be  built  over  such  materiala 

It  is,  however,  not  artificially-made  sites  alone  that  are  to  be  regarded  with 
SQspicioD.  Almost  every  natural  soil  needs  some  precaution  before  it  can  be 
larded  as  really  fit  to  afiford  a  thoroughly  wholesome  site  for  a  house.  Many 
persons  are  in  the  habit  of  r^jarding  a  gravel  soil,  particularly  if  situated  at  a 
ooDsiderable  elevatbn,  as  affording  a  perfectly  wholesome  site.  Such  a  soil  un- 

doubtedly has  some  important  advantages ;  but  it  ought  not  to  be  overlooked  that 
even  when  the  gravel  is  naturally  very  compact,  there  are  innumerable  pores  or 
small  cavities  between  the  particles  of  sand  and  stones  of  which  it  is  composed. 

'Hiis  is  proved  by  the  quantity  of  water  that  a  dry  gravel  will  instantly  absorb,  and 
^"hich  has  been  found  to  be  sometimes  equal  to  as  much  as  one-third  of  its  bulk. 
In  the  same  way  some  natural  rocks  are  almost  as  porous  as  gravel ;  for  it  has  been 
^s^^Grtained  that  some  of  the  best  building-stones  will  absorb  as  much  as  five  or  six 
per  cent  of  their  weight  of  water,  and  chalk  will  take  from  thirteen  to  soventeon 
percent 

It  will,  theiefore,  be  readily  perceived  Uiat  the  subsoil  of  a  house,  if  dry,  may 
6 
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contain  in  its  pores,  or  air-spaoes,  a  vast  amount  of  air ;  or,  if  it  be  not  drj,  a  very 
considerable  quantity  of  water,  or  moisture.  When  it  is  considered,  moreover,  how 

common  it  is  for  drains  to  be  defective  at  the  joints,  and  thus  to  let  sewage  con- 
tinually percolate  into  the  ground,  and  for  the  conditions  of  ashpits,  middens,  manure 

heaps,  dec.,  to  be  such  that  there  is  constant  soakage  going  on  from  them  into  the 

ground  to  an  extent  far  beyond  the  deodorising  power  of  the  earth  which  i*eceives  it 
to  render  harmless,  it  will  be  seen  how  extremely  liable  is  the  subsoil  of  a  house  to 

become  contaminated.  Professor  Von  Fettenkofer  says : — "  The  ground  round  our 

houses  is  far  more  contaminated  by  the  ashpits,  privies,  cesspools,  &c."  (and  he 
might  have  added  drains)  "  attached  to  them  than  a  churchyard  is  by  the  bodies  in 
it  wliich  have  six  years  and  even  longer  for  their  decomposition,  and  have  a  £ar 
larger  area  in  which  to  decompose  than  the  oiganic  ofial  of  the  houses  in  a  thickly 

inhabited  town."* 
It  has  been  said  that  some  soils  are  more  or  less  absorbent  than  other&  Thus 

the  gmnitic,  metamorphic,  and  trap  rocks,  and  the  hard  millstone  grits  are  very 
dense,  and  consequently,  where  they  are  sound  and  have  not  been  disintegrated  by 
weather,  they  do  not  retain  moistura  Some  of  the  limestone  rocks  are  also  very 
dense,  but  the  dolomites  or  magnesian  limestones  frequently  contain  a  good  deal  of 
water.  The  clays,  marls,  and  alluvial  soils  are  retentive  of  damp,  and  are  always 
liable  to  be  cold,  and  conducive  to  fogs.  In  elevated  situations  they  are,  of  course, 

less  objectionable  than  when  lying  low.  Clays,  however,  are  not  without  advan- 
tages, inasmuch  as  their  peculiar  density  prevents  the  leakage  from  drains  and 

cesspools  from  percolating  far  into  them,  though,  in  consequence  of  their  being 
sometimes  more  or  less  mixed  with  gravel,  or  being  traversed  by  fissures  or  other- 

wise not  of  uniform  texture,  they  are  not  always  to  be  relied  upon  in  this  respect. 

Clay,  however,  from  the  amount  of  alumina  to  be  found  in  it,  possesses  oonsidei^able 
powers  of  deodorisation,  which  is  in  itself  a  valuable  property. 

Inasmuch,  then,  as  almost  every  soil  is  more  or  less  porous  and  damp,  it  follows 

that  the  interior  of  any  building  will,  unless  special  precautions  be-  taken,  be  liable 
to  be  affected  by  the  exhalations  rising  up  from  the  ground  on  which  it  is  built ;  for 
these  exhalations  will  either  rise  up  by  their  own  buoyancy,  or  they  will  be  drawn 
up  out  of  the  ground  by  the  warmth  of  the  interior  of  the  house  or  the  draught  up 

the  chimney  flues.  This  ground-air,  under  various  conditions,  may  contain  a  large 
quantity  of  carbonic  acid,  or  it  may  be  full  of  watery  vapour,  or  be  contaminated 
by  reason  of  its  emanation  from  ground  impregnated  with  sewage  or  other  filth. 
In  any  case,  it  would  be  extremely  unwholesome  ;  and  when  it  is  remembered  that 
most  people  engaged  in  business  daily  pass  from  fifteen  to  twenty  hours,  and 
perhaps  more,  shut  up  within  houses,  it  is  not  to  be  wondered  at  if  their  health 
suffers  from  continually  breathing  an  atmosphere  polluted  in  any  of  the  ways  just 
described. 

Instances  are  not  wanting  to  show  that  certain  diseases  are  actually  caused  by 
unwholesome  conditions  of  site ;  and  the  occupation  of  houses  in  which  damp  or 
other  pernicious  exhalations  rise  up  from  the  soil  on  which  they  are  built  will  have 
the  effect  of  increasing  the  severity  of  many  diseases,  and  of  retarding  the  process 
of  recovery  therefrom.     Thus  phthisis,  or  consumption,  as  it  is  popularly  termed, 

*  "  Cholera :  how  to  Prevent  and  Resist  it,"  by  Dr.  Max  von  Fettenkofer,  tnuiaUted  by  Thoa. 
Whitedde  Hime,  A.B.,  M.B.,  Ice.,  1875. 
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been  known  to  be  gi^eatlj  reduced  in  towns  whwe  the  water  of  the  soil  has  been 
artificially  removed,  while  it  was  not  reduced  in  other  towns  where  the  soil  had 

been  allow^ed  to  remain  wet     Dr.  George  Buchanan,  in  his  valuable  report  on  the 
dlBtribution  of  phthisis  as  affected  by  dampness  of  soil,*  shows  very  conclusively 
thafc  wetness  of  soil  is  a  cause  of  phthisis  to  the  population  living  upon  it     Similar 
observations  were  also  made  by  Dr.  Bowditch  of  Boston,  United  States,  as  the 
result  of  an  inquiry  into  the  causes  of  consumption  in  Massachusetts,  where  that 

disease  is  said  to  be  even  more  fatal  than  in  England.      The  Registrar-General  for 

SooUand,  in  his  seventh  aimual  report^  referring  to.  Dr.  Bowditch's  inquiries^  says  : 
''It  was  found  that  the  towns,  villages,  hamlets,  and  houses  which  were  situated  at 
or  near  undrained  localities,  or  were  on  heavy  impermeable  s(h1s,  or  on  low-lying 
ground,  and  whose  sites  were  consequently  kept  damp,  had  a  very  much  larger 
number  and  proportion  of  cases  of  consumption  than  towns,  villages,  hamlets,  or 
houses  which  were  situated  on  dry  or  rocky  ground,  or  on  light  porous  soils,  where 

the  redundant  moisture  easily  escaped."     It  is  necessary  to  bear  in  mind  that  this 
tendency  to  phthids  is  mainly  due  to  the  fact  of  the  population  living  upon  damp 

soils — ^not  out  of  doors  in  the  day-time,  in  active  employment,  but  shut  up  in  their 
houses  during  ihe  many  hours  of  night,  as  well  as  in  confined  work-rooms  by  day, 
with   the   moisture  from  the  ground  beneath  stagnating  in  the  interior  of   the 
building 

An  interesting  instance  illustrative  of  the  extent  to  which  a  particular  disease, 
wlien  epidemic  in  a  locality,  was  intensified  by  dampness  of  soil,  is  related  by  Dr. 
Blaxall,  in  a  report  upon  an  outbreak  of  scarlatina,  which  took  place  at  Swindon  in 
1879.     Dr.  Blaxall  explains  that  Swindon  consists  of  two  distinct  toMms,  under 
different  sanitary  authorities,  one  being  Old  Swindon,  situated  about  a  mile  from 
the  Great  Western  Railway  Junction,  while  New  Swindon,  as  its  name  implies,  is 
the  town  that  has  sprung  up  in  recent  years  in  the  immediate  neighbourhood 
of  the  railway.     Old  Swindon  lies  at  an  elevation  of  perhaps  one  hundred  feet 

above  New  Swindon,  and  is  situated  on  the  oolitic  limestone  and  sand  of  Foi-tland, 
while  the  subsoil  of  New  Swindon  is  chiefly  Kimmeridge  clay.     New  Swindon  was 
formerly  much  subject  to  floods.     The  two  towns  are  in  close  contiguity,  and  the 
populations,  together  numbering  upwards  of  20,000  inhabitants,  necessarily  have 
much  intercourse. 

Dr.  Blaxall  shows  that  measles,  whooping-cough,  and  pneumonia — diseases 
iqpeeially  affectiDg  the  respiratory  organs — ^were  far  more  fatal  in  New  Swindon  than 
in  Old  Swindon,  those  diseases  having  been  present  in  more  or  less  severe  form  at 

various  times  since  1870.  He  shows  that  during  six  years  preceding  his  investiga- 
tion  the  death-rate  from  measles  in  New  Swindon  was  as  much  as  twenty  times  that 
in  Old  Swindon ;  from  whooping-cough,  considerably  more  than  double ;  and  from 
pneonumia  and  bronchitis,  one-third  as  much  again.  The  two  towns  differ  very 
little  socially,  but  topographically  Old  Swindon  possesses  many  advantages  over 
New  Swindon,  notably  in  its  comparative  elevation,  and  in  the  nature  of  its 
sobsaiL  Hence  Old  Swindon  is  far  drier  than  New  Swindon,  a  fact  that  Dr. 

Bkxall  had  specially  brought  to  his  notice  by  the  sad  condition  of  the  floors  of 
some  of  the  houses  in  New  Swindon;  and  he  is  led  to  the  conclusion  that  the 

increased  sev&rity  of  the  diseases  above  referred  to  in  New  Swindon  over  Old 

•  Tenth  Report  of  the  Medical  Officer  of  the  Privy  Council,  1867. 
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Swindon  was  probably  chiefly  attributable  to  the  dampness  of  the  subsoil  on  which 
the  houses  in  the  new  town  are  built^  together  with  a  complete  absence  of  precaution 
to  prevent  the  exhalations  from  the  ground  rising  up  into  the  houses. 

When  it  is  remembered  that  the  above-mentioned  rates  of  mortality  represent  a 
vastly  larger  rate  of  illness,  and,  what  is  of  scarcely  less  importance,  impaired 
energy,  it  will  be  easily  understood  what  a  serious  effect  upon  the  inhabitants  of  a 
district  may  be  produced  by  inefficient  precautions  against  the  rising  up  of  moisture 

and  ground-air  into  the  buildings  they  occupy. 
In  all  soils  the  dryness  of  the  ground  will  depend  to  a  great  extent  on  the 

elevation  of  the  site,  and  upon  the  ordinary  level  of  the  ground-water  in  the  district 
The  variation  in  the  ground-water  will  frequently  be  considerable  in  the  course 
of  several  seasons,  and  will  depend  very  much  on  the  rainfall,  or  the  proximity 
of  a  river  or  stream,  and  the  facilities  for  the  natural  drainage  of  the  soil  by 
its  perviousness,  and  the  degree  of  inclination,  or  dip,  of  any  subjacent 

impervious  stratum.  Tho  ground- water,  however,  need  not  necessarily  be  r^arded 
as  itself  a  source  of  danger;  but  inasmuch  as  it  affects  the  moisture  of  the 
superincumbent  earth,  it  promotes  or  retards  certain  organic  changes  in  the  soil 
which  may  be  move  or  less  productive  of  unwholesomeness  in  the  house  that  is 
erected  on  it 

It  will  be  seen  from  the  foi*egoing  remarks  that  the  question  as  to  how  the 
sanitary  dangers  of  the  subsoil  of  a  house  can  best  be  avoided  is  one  involving 
most  careful  attention*  These  dangers  most  ordinarily  arise  in  either  of  the  two 

following  conditions  : — (a)  Where  an  artificially-made  site  is  composed  of  the  deposit 
of  unwholesome  matters ;  and  (b)  where  the  site  is  naturally  porous  and  emits 
moisture  or  unwholesome  air.  In  the  first  cf  these  instances  it  will  be  obvious 

that,  whatever  may  be  the  character  of  the  natural  subsoil,  the  proper  course 
to  adopt  ia  to  remove  the  unwholesome  matter  that  has  been  deposited  on  tho 
site  before  any  part  of  the  house  is  commenced  The  second  instance  may 
involve  rather  more  structural  or  engineering  skilL 

If  the  site  is  liable  to  actual  wetness  at  any  season  of  the  year,  it  will,  of  course, 
be  necessary  to  effectually  drain  it  This  is  specially  likely  to  be  necessary  where 
the  position  of  the  site  is  such  as  to  receive  the  land  drainage  from  a  higher 
level.  The  diuins  used  for  this  purpose  are  ordinary  unglazed  pottery  field  pipes, 
laid  in  trenches  of  various  depths,  according  to  circumstances,  and  laid  beneath 
stones  or  pebbles,  in  order  to  let  the  water  soak  down  and  into  the  pipes.  In 

laying  these  dizains  it  is  desirable  that  their  outfall  should  be  into  some  open  water- 
course, so  that  it  may  be  risible  and  open  to  the  air.  If  they  are  laid  so  as  to 

discharge  into  the  ordinaiy  house  drains,  or  into  any  sewer  or  cesspool,  it  is  specially 

necessary  to  guard  against  the  entry  into  them  of  sewer^dr  or  cesspool-air ;  and  for 
this  purpose  an  arrangement  of  ventilated  traps  will  have  to  be  adopted,  and  in  any 
case  ample  ventilation  of  the  land  drains  would  be  desirable. 

The  most  important  pointy  however,  is  to  prevent  exhalations  from  the  soil  rising 
up  into  the  house,  and  this  b  best  secured  by  entirely  covering  the  site  of  the  house, 
within  the  external  walls,  with  a  layer  of  some  impervious  material,  such  as  cement 
concrete,  asphalte,  or  other  such  substance.  Concrete  is,  perhaps,  the  most 
generally  available  material  for  the  puqx)6e,  inasmuch  as  the  materials  for  making 
it  of   a  sufficiently  good  quality  can  be  obtained  almost  everywhere  without 
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much  difficultj.  The  layer  of  concrete  should  be  at  least  six  iuches  thick,  aui  be 
rammed  solid,  and  when  it  has  been  well  grouted  with  liquid  cement,  its  surface 
should  be  floated  over  with  cement,  so  as  to  make  it  tolerably  smooth  and  capable 
of  being  swept  clean  before  it  is  finally  covered  up  with  flooring;  for  it  usually 
happens  that  shavings,  sawdust,  and  rubbish  of  all  kinds,  often  fouled  by  the 
workmen,  is  swept  down  under  the  floor  just  before  the  house  is  complete,  and  this 
should  ci  course  be  avoided. 

The  surface  of  the  concrete  may  with  much  advantage  be  asphalted,  or  stone 
flagging  may  be  laid  down  upon  it  with  almost  as  good  results.  Any  of  these 
materials  can^  if  desired,  form  the  finished  flooring  of  the  lowest  storey  of  the  house, 
thereby  effecting  some  saving  of  cost^  and  giving  a  not  unsatisfactory  floor  for  many 
purposes.  Such  a  floor  has  the  advantage  that,  if  properly  formed,  it  is  practically 
free  from  cracks  and  crevices,  which  in  the  ordinary  wooden  floor  of  kitchen  offices 

aflford  such  safe  retreats  for  black-beetles  and  other  vermin  which  commonly  infest 
the  lower  storeys  of  dwelling-houses. 

Intimately  connected  with  the  subject  of  the  site  for  a  house  is  that  of  aspect 
and  prevailing  winds,  for  although,  in  the  case  of  the  majority  of  houses,  these  are 
matters  which  are  ordinarily  beyond  control,  on  account  of  the  limited  extent  of  the 
plot  of  ground  on  which  the  house  is  to  be  built  and  the  line  of  fix>ntage  which  has 
to  be  observed,  the  question  should  nevertheless  be  carefully  considered  whenever 
the  conditions  permit  of  any  choice  being  exercised.  In  the  case  of  a  house  standing 
in  its  own  grounds  of  a  few  acres,  or  of  a  mansion  standing  in  its  park,  the  as]>oct 
is  of  course  a  matter  of  first  importance.  The  house  has  to  be  so  placed  on  its  site 
as  to  command  the  best  views  from  the  principal  rooms  ;  and  scarcely  less  important 
is  it  that  it  should  be  placed  so  as  to  form  a  pleasing  object  as  seen  from  a  distanca 
It  may  even  be  worth  while  sometimes,  before  the  exact  position  is  finally  decided 

on,  to  erect  a  few  scaflbld-poles  and  hoardings  to  mark  the  size  and  shape  of  the 
house,  in  order  to  judge  of  its  general  appearance  from  a  distance. 

Some  of  the  rooms  will  need  a  brighter  light  than  others,  and,  therefore,  where 
the  circumstances  will  permit,  it  is  necessary  to  consider  how  the  house  shall 
be  placed  as  regards  the  points  of  the  compasa  In  our  climate,  where  the  weather 

is 'so  changeable,  it  becomes  necessary  to  take  advantage  as  much  as  possible  of 
whatever  sunshine  may  present  itself,  and  hence  those  rooms  where  it  is  most 

needed  will  have  to  be  placed  towards  the  east,  south,  and  west.  The  consideration 

of  this  subject,  however,  will  be  dealt  with  later  on,  when  the  arrangement  of  the 
several  rooms  of  a  house  is  being  discussed 

Ab  regarda  the  direction  of  the  prevailing  winds,  this  can  frequently  be  detected 

by  observing  the  way  in  which  the  trees  and  shrubs  in  the  neighbourhood  are 

grown.  They  will  generally  be  found  to  indicate  by  their  shape  the  direction  of  the 

prevailing  wind.  The  continued  pressure  of  wind  in  one  direction  will  bend  the 

trees  in  one  way,  and  the  young  twigs  and  leaves  on  the  side  on  which  the 

wind  most  frequently  impinges  get  damaged  and  destroyed  more  frequently  than 
those  on  the  other  side,  where  the  trees  are  able  consequently  to  grow  more 

fireely.  In  determining  the  position  for  the  house,  it  may  be  of  advantage  to 

80  arrange  it  that  any  smell  from  the  kitchen  offices,  or  from  water-closets,  &<i», 
shall  ordinarily  be  blown  out  of  rather  than  into  the  house. 
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CHAPTER  IL 

WALLS  AKD  FOinfDATION& 

Foimdfttion— Footings— Dftmp  and  iii  Prerention—Damp-ooanas— Area*— Hollow  WalU — Other 
Methods  of  Proteotion  from  Bain— Thioknesi  of  Walls— Bond— Flint  Walli— Concrete  Walla— 
Half -timber  Walk— Terra  Gotta— Party  Walls— Dangers  from  Fire. 

Thb  walls  of  a  house  have  to  be  constructed  on  a  sufficiently  solid  and 
substantial  foundation,  to  prevent  them  firom  sinking  into  the  ground  or  settling, 
which  usually  causes  them  to  crack.  They  have  also  to  be  formed  of  sufficient 
thickness  to  secure  a  due  amount  of  stability.  The  external  walls  of  a  house, 
moreover,  have  to  be  so  constructed,  and  to  be  formed  of  such  matsdals,  as  to 
exclude  the  weather.  In  the  case  of  adjoining  houses,  the  walls  separating  one 

house  from  the  next,  known  as  « party  walls,"  have  to  be  of  sufficient  substance 
and  so  arranged  as  to  prevent  not  only  the  transmission  of  sound,  but  also^ 

what  perhaps  is  their  chief  function,  danger  of  the  spread  of  fire  from  one 
house  to  the  next 

The  stability  of  a  wall  depends  first  upon  its  foundation,  and  secondly  upon 
its  thi^^knAflfl  in  proportion  to  its  length  between  lateral  supports,  and  its  height. 

In  forming  the  foundation  for  a  wall,  it  is  important  that  the  ground  should  be 
excavated  to  such  a  depth  as  to  secure  a  solid  bed  of  natural  earth  or  rock  that 

is  not  liable  to  be  affected  by  the  weather.  All  soils  are  changed  by  continued 
exposure  to  the  weather,  and  even  hard  rock  becomes  disint^rated  and  unsound  for 
a  few  feet  below  the  exposed  surface.  Some  soils,  again,  are  apt  to  expand  and 
contract  within  a  few  feet  of  the  surfao^  according  to  the  condition  of  the  weather, 
being  specially  affected  by  changes  from  continued  dry  weather  to  wet  and  frosty 
weather.  This  is  commonly  the  case  with  clay  soils,  and  unless  the  foundations 
of  the  walls  are  taken  down  to  a  sufficient  depth  the  building  is  very  likely,  sooner 
or  Itfter,  to  show  signs  of  settlement,  either  by  cracks  in  the  walls,  or  by  the  doors 
and  windows  sticking  and  the  locks  failing  to  fasten  properly. 

The  most  ordinary  and  modem  mode  of  forming  the  foundations  of  the  walls  of 
a  building  is  to  rest  the  walls  upon  footings,  and  the  footings  upon  a  continuous 

bed  of  solid  concrete.  The  thickness  of  the  concrete  for  this  purpose  will  necessarily 
depend  very  much  on  the  weight  of  the  superincumbent  structure,  and  also  upon  the 
nature  of  the  ground  beneath  it  The  concrete  ought  always  to  extend  beyond 
the  greatest  width  of  the  footings  of  the  wall,  and  should  never  be  less  than  twelve 

inches  wider — six  inches  on  each  side — ^than  the  greatest  width  of  the  footinga 
The  depth  or  thickness  of  concrete  should  in  no  case  be  less  than  eighteen  inches. 

The  footings  ought  to  be,  in  height,  equal  to  at  least  two-thirds  of  the  thickness 
of  the  wall  immediately  above  them ;  thus,  if  the  wall  at  that  point  be  eighteen 
inches  thick,  the  height  of  the  footings  should  be  not  less  than  tw^ve  inches,  or  four 
courses  of  brickwork.  The  footings  ought  also  to  project  on  each  side  at  least  half 
the  thickness  of  the  wall  at  its  base ;  thus,  in  the  case  again  of  an  eighteen-inch 
wall,  the  footings  at  the  widest  part  would  be  three  feet  in  width,  and  the  ooncrete 
beneath  them  would  be  four  feet  in  width.     (See  Fig.  1.) 



FOOtTDATIOHa.  39 

Of  couree,  where  the  foundationa  woald  rest  upon  natural  beds  of  solid  rook, 

the  concrete  would  be  wholly  uimecessary,  and  a  modified  course  of  footings  would 
BufiSco,  but  the  accompanying  illustration  shows  the  arrangement  that  is  most  usually 
found  necessary. 

It  is  not  uncommon  with  speculative  builders  in  the  neighbourhood  of  London 
and  some  of  the  large  provincial  towns,  to  merely  remove  the  surface  earth  for  the 
depth  of  about  twelve 

inches,  and  to  commence 

the  wall  thereon  with- 

out any  concrete  what- 

ever, and  with  indif 

ferent  footings.  As 
this  is  a  most  improper 

mode  of  construction,  it 
would  be  desirable  for 

any  one  who  is  intend- 

ing to  purchase  a  new 
house,  or  to  advance 

money  upon  it,  to  re- 
quire the  ground  to  be 

opened  in  a  few  places,  - 
BO  as  to  lay  bare  the 

foundations  of  the  walls, 

to  show  how  they  have 
been  formed. 

Having  now  de- 

scribed the  precautions 

that  are  necessary  for 

securing  efficient  foun- 
dations, the  next    point  fig.  l,— Footings. 

that  calls  for  attention 

is  the  method  to  be  adopted  to  prevent  moisture  from  being  absorbed  by  tha 
material  of  which  the  walls  of  a  house  are  buOt  from  the  adjacent  earth,  and,  by 
capillary  attraction,  rising  up  in  the  wall,  and  thereby  damaging  the  wall  itself, 

rotting  the  timbers  of  the  flooring,  injuring  the  paint  and  internal  decorations, 

and  polluting  the  atmosphere  within  the  house. 

It  is  not  uncommonly  supposed  that  moisture  rises  only  firom  the  base  of  a  wall, 

and  that  a  horizontal  layer  of  waterproof  material  Inserted  in  the  wall  at  a  short  dis- 

tance above  its  base,  even  though  below  the  level  of  the  ground,  will  serve  to  keep 

down  the  damp.  This,  however,  is  a  very  serious  mistake.  Where  the  wall  rests  on 

a  proper  foundation  very  little,  if  any,  moisture  will  be  absorbed  in  it  from  beneath. 

Moisture  is  far  more  liable  to  enter  a  walLfi)Oi%  the  earUi  against  the  sides  than  at  any 
other  point,  and  it  will  rise  therefrom  according  to  the  wetness  of  the  earth  and  the 

absorbent  properties  of  the  materials  of  7hich  the  wall  is  constructed.  The  remedy 

for  this  is  to  place  a  damp-proof  coarse  of  some  material  that  is  impervious  to 
moisture  in  every  wall  of  a  bouse,  slightly  above  tlie  level  of  the  ground  which 

adjoins  tite  walls.     Yarioos  materials  are  used  for  this  damp-proof  coui-se,  such  as 
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Fig.  !l— PftUot  Duip-pToof  Steb. 

ah«et  lead,  two  or  three  layers  of  slat«s  bedded  in  cement,  or  a  half-inch  or  thi'c©- 

qoarter  inch  layer  of  asphalto.  Certain  bituminous  felta  are  sometimes  used,  but  it 

is  very  doubtfiil  whether  they  can,  in  any  circumstances,  be  regarded  as  altogether 

mtiafactory  and  permanently  efficient  Slabs  of  glaied  stoneware  (Figs.  2  and  3)  are 

frequently  adopted,  and  are  found  to  answer  admiisbly.  They  are  generally 

perforated,  so  as  to  aOTord  an  air-passage  through  the  wall,  which,  apart  from  the 

primary  object  of  the  slabs,  is  most  useful  in  afibfding  ventilation  to  the  space  tinder 

the  flooiing,  while  at  the  joints  the  per- 
foration series  to  break  the  vertical 

continuity  of  the  mortar  or  other  material 
in  which  the  slabs  are  set,  and  wliich 

might  otherwise  afford  a  means  for  the 

rising  of  moisture.  These  slabs  are  made 
in  different  thicknesses,  from  one  and  a 

half  inches  to  three  inches,  and  of  widths  to  suit  the  various  tbickneases  of  bride 

walls,  and  they  are  admirably  adapted  for  their  purpose. 

It  has  already  been  stated  tiiat  the  damp-course,  to  be  of  real  nse,  ought  to  be 

slightly  above  the  level  of  tiie  ground  adjoining  the  wall,  hut  it  sometimes  happens 

that  a  house  has  a  basement  storey,  or  a  half-sunk  basement  storey,  so  placed  that 

if  the  damp  course  were  inserted  in  the  manner  described,  it  would  be  considerably 
above  the  level  of  the  floor  of  the 

rooms  in  that  storey,  and  thus  the 

walls  for  a  certain  height  in  those 

rooms  would  be   affected  by  mois- 

ture, and  the  floor  timbei-s  liuble 
to  rot.     This  is  by  no  means  on 

uncommon  occurrence^  and  it  needs 

special    arrangement  in    order  to 

render  this  part  of  the  house  satis- 
factory   in    this    particul»r.     The 

most  efficient  method  is  to  excavute 

an  open  area  round  the  house,  so  as 

to  remove  the  earth  from  against 

the  wall  (Fig,  4),  takiug  care  tbat  Fig.  3.-i>it8ot  D™p-pn»i  Sib. 
the    bottom  of    the   area    is  well 

below  the  level  of  the  floor,  so  that  the  damp-coui-sc  may  be  beneath  the  level 
of  all  the  floor  timbers,  in  order  to  protect  them  from  the  injurtoos  effects  of 

moisture.  When  an  open  area  is  impracticable,  which  may  be  the  case  sometimea 

on  account  of  proximity  to  a  street,  or  of  the  extra  expense  that  would  be  involved, 

what  is  called  a  "dry  area"  (Rg.  5)  may  be  formed.  This  would  have  the  same 
effect  as  an  open  area,  but  its  construction  need  not  involve  quite  so  much  cost  It 

is  simply  an  area  of  sufficient  width  to  keep  tlie  moist  earth  away  from  the  wall, 

and  Is  covered  in  at  the  top.  If  from  any  cause  neither  of  the  above  arrangements 

can  be  adopted,  there  is  yet  a  third  method  (Fig.  6)  of  effecting  the  object,  namely, 

by  forming  the  wall,  so  far  as  it  is  below  the  level  of  the  adjacent  ground,  with  a 

cavity  in  it^  In  this  case  it  will  be  necessary  to  have  two  damp-courses,  one  below 
the  floor  tunbers,  and  another  in  the  outer  paii  of  the  wall  a  few  inches  above  the 



lerel  of  the  ground. 
A  amilar    result    is 

DAMP  raOH  tSE  sou- 

be  stioined,  tbottgb 
with  raiying  sncceae, 
iij  coating  the  ontdde 
of  the  wall,  where  it  , 
is  below  the  ground 
ItfTel,  with  nsphalte  or 
Klier  imperrions  snb- 

It  will,  of  courae, 
le  QEceaaary  to  provide 
means  of  drainiiig  the 
open  area,  and  also 
the  diy  area  and  the 
larily  in  the  wall; 
and  in  the  case  of  the 

firy  area  and  the 
cavity  it  is  specially 
Mcesswy  to  provide 
am|)le  means  of  ven- 
tilatang  tboee  enclosed  _,    .     , 

^      ,  Fig.  1— Ar«a. 
spsMs.     A  wMe   pre- 
caudon,  and  one  that  is,  in  exposed  ritnations,  an  absolutely  necessaiy  one,  is  tha 
prorision  of  a  dajnp-coorae  just  above  the  point  of  junction  between  the  roof  and 
tbe  chimney-Btacks. 

It  is  not  only  necessary  to  take  precautions  against  the  rising  of  damp  in  the 
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irallB  of  a  house  from  the  odj'tceiit  ground,  but  the  possibility  of  moisture  being 
drivea  Uirough  the  external  walls  has  to  be  met,  and  likewise  of  dump  descending 
from  the  top  of  a  wait,  where,  in  the  form  of  a  parapet,  it  may  be  exposed  to  the 

The  penetratioa  of  the  walls  of  houses  by  rain  daring  continued  wet  weather  is 
very  common  when  the  house  occupies  an  exposed  situation,  and  it  becomes  a  matter 
of  the  utmost  importance  to  secure  efficient  means  of  averting  this  eeriaus  incon- 

venience. Varioua  methods  are  resorted  to.  Thus  at  Brighton  and  other  plactn 
along  the  south  coast,  in  former  times,  it  was  customary  to  face  the  exposed  fronts 
of  houses  with  a  kind  of  glazed  tile,  made  and  fixed  with  a  uniform  aurfiace,  bo  as 
to  imitate  bricks.  Sometimes  the  outside  of  the  walls  is  covered  with  ordinaiy 
slating  ;  for  small  houses  and  cottages  the  walls  are  periodically  pitched.  Portland 
cement,  however,  has  Buporseded  many  of  these  contrivances,  and  is  now  very 
generally  used  as  an  external  coating  to  the  brickwork,  and  is  almost  impervious  to 
driving  rain.     Sometdmes  the  outer  face  of  the  wall  is  covered  with  a  superior 

mm 
i-^~ 

"«■*  Pij.ll. 

mortar,  on  which  are  nprinkled  shingle  and  small  pieces  of  flint — a  description  of 

work  known  as  "  rough-cost  "  work.  In  the  convalescent  hospital  at  Seaford — a 
new  building — it  was  found  that  the  walls  were  inadequate  to  keep  out  the  driving 
nun,  especially  when  exposed  to  the  sea.  The  remedy  adopted  was  the  application 

of  Szerelmey's  paint,  which  is  said  to  have  proved  successful. 
Where  it  is  desired  that  the  brickwork  should  remain  exposed,  it  is  a  common 

practice  to  constnict  the  external  wall  with  a  cavity — that  is,  to  form  it  of  two 
parallel  walls,  about  two  or  three  inches  distant  from  each  other,  and  tied  togetlicr 
by  bonding-ties  of  some  non-absorfjent  mateiial,  such  as  iron  or  gUzcd  atonewiirc. 
These  walls,  when  carefully  built,  are  nearly  as  strong  ss  solid  walls,  and  they  not 
only  protect  the  house  from  the  penetration  of  damp  from  without,  hut  they  tend 
to  the  maintenance  of  an  even  temperature  within  the  house.  It  is  important  in 

constructing  such  walls  to  provide  a  sufficient  number  of  bonding-ties,  in  onler  to 
efiectnally  bind  the  two  thicknesses  of  the  wall  together.  For  this  purpose  the  ties 
ought  to  be  not  more  than  three  feet  apart  horizontally,  and  eighteen  inches  apart  verti- 

cally. The  annexed  figures  I'ppresent  some  of  the  kinds  of  bonding- ties  in  ordinary 
use.    Figs.  7,  8,  0  are  patent  stoneware  tiesj  10  is  a  wrought-iron  tie;  and  il  a  cast- 
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troa  tie.  The  stoneware  ties  possMB  some  advantagea  over  the  iron  Uea,  inaamuch 
13  Uiej  are  not  aerioosly  affected  by  damp.  The  iron  ties,  however,  ought  always  to 
be  (nated  with  Bome  protecting  material,  such  aa  tar  and  sand,  the  sand  being 
neceasatytoaatdat  the  mortar  to  adhwetothem,orth^  should  be  galvanised.  In  Fig.  9, 
the  doping  part  in  the  middle  is  intended  to  conduct  any  water  that  may  get  into 
tho  cavity  away  from  the  inner  part  of  the  wall,  and  the  bend  in  the  iron  ties  has 

the  same  object  of  preventing  water  from  being  conducted  towards  the  inner  portion, 
oC  tbe  wall.  Whero  this  kind  of  construction  is  resorted  to,  it  is  necessary  to  lay 
a  piece  of  thin  sheet  lead  over  the  heads  of  the  door-frames  and  window-frames  in 
order  tc  protect  them  from  being  iigored  by  any  water  that  may  get  into  the  cavity. 
It  it  likewise  very  desirable  to  provide  ample  mealu  of  ventilation  in  the  cavity. 

In  some  e^toeed  situations  the  external  walls  of 
bntldiugs  have  been  constructed  with  a  narrow 
cavity  which  haa  been  filled  in,  as  the  work  pro- 
Kcded,  viUi  asphalte,*  or  slab  slato  with  iron 
mmps,  BO  aa  to  form  a  sort  of  vertical  damp- 
oonrae.  Mr.  John  Taylor,  in  some  houses  erected 
frant  big  designs  in  the  Isle  of  Thanet^  found 
that  the  ordinary  hollow  wall  with  iron  ties  was 
an  innifficient  protection  against  the  driving  run 
uid  spmj  from  the  sea.  The  method  he  adopted 
*as  to  build  in  a  layer  of  ordinary  roofing  slates 
between  two  half -brick  walla,  Fig.  12.  The  cavity 
between  these  two  skins  of  brickwork  is  just  of  suffi- 
rient  vidth  to  allow  the  slates  to  overlapeach  other, 
^N>  present  no  interstices  through  which  wet  Ftg.  u.— liMFntioaViiii. 
"•^t  pmetrate.     Each  slato  is  supported  on  a 

piece  of  cof^r  bent  to  form  a  "  <^air,"  and  which  also  serves  the  purpose  of  a  tio 
to  coimect  the  inneir  and  outer  brickwork. 

One  other  mode  of  forming  hollow  walls,  which  is  prevalent  in  Surrey,  SusseK, 
^  Eait,ia  shown  in  Fig.  13-  A.  fr&mework  is  formed  of  limbert,  the  external  face 
of  which  is  covered  with  laths  and  tiles.  The  upper  part  of  each  tile,  where  it  is 

iodiea  by  the  overlapping  of  the  tile  above  it,  is  pointed  with  lime  and  hair  mop 
lar,  to  prevent  the  rattling  that  would  otherwise  be  caused  by  the  wind.  The  inner 
W  of  ite  fnunework  is  covered  with  ordinary  lath  and  pluater  work.  A  similar 

■  iDflimai?  at  the  Ewtr;  Vnioa  WtnklrauK,  T.  B.  KnistitU?,  uehilsot. 
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method  of  oonstniction,  in  which  slabs  of  concrete  are  substituted  for  the  tiles,  is 

likewise  sometimes  adopted.  These  modes  of  construction  are  obviously  cheap  and 
effective.  The  former  ia  adopted  for  the  upper  storeys  in  many  classes  of  buildings, 
from  the  bam  or  the  cottage  to  the  country  mansiozL  Owing,  however,  to  the 
extreme  combustibility  of  these  kinds  of  walls,  they  cannot  be  regarded  as  safe 
substitutes  for  ordinary  brickwork,  unless,  by  dispensing  with  the  cavity  altogether, 
the  insterstices  between  the  timber  framing  be  filled  in  with  brickwork,  and  a  back- 

ing of  brickwork  at  least  four  and  a  half  inches  thick,  be  placed  on  the  inner  side  of 
the  wall  behind  the  timber  framing. 

The  means  of  preventing  the  evils  of  damp  in  new  houses  have  thus  been  fully 
described.  In  a  future  chapter,  brief  mention  will  be  made  of  the  remedies  to  be 
adopted  in  the  case  of  old  houses  which  suffer  from  the  evil. 

Thickness  of  Walls. — The  thickness  for  the  walls  of  a  house  is  a  matter  of  no 
slight  importance.  Adequate  thickness  is  necessary  alike  for  securing  due  stability, 
for  keeping  out  the  weather,  and  for  protecting  the  interior  of  the  house  from  the 
effect  of  changes  in  the  external  temperature. 

Walls  of  houses  are  constructed  of  brickwork,  stonework,  rubble-work,  or  flint 
and  boulder  work.  Sometimes  a  combination  of  these  materials  is  used,  such  as 
brickwork  with  stone  dressings,  stonework  with  brick  backing,  flintwork  inrith 
brickwork  in  piers  and  quoins,  &c.  Of  late  years,  since  the  manufacture  of  good 
cement  has  been  extended  and  cheapened,  walls  formed  of  concrete  have  come  into 
usa  Walls  formed  of  a  combination  of  brickwork  and  timber,  known  as  half -tim- 

ber work,  have  likewise  recently  been  much  used  in  consequence  of  the  revival  of 
the  picturesque  English  domestic  architecture,  and  the  architecture  of  the  period  of 
Queen  Anne.  There  are  a  few  other  kinds  of  wall-construction  in  use  in  certain 
districts.  Thus  in  the  eastern  counties  it  is  not  uncommon  to  find  the  walls  of 

small  houses  formed  of  *'  clay  lumps,"  and  in  other  parts  what  is  known  as  "  wattle 
and  dab  "  walls  are  met  with  among  the  poorer  cottages.  But  owing  to  the  increased 
facilities  for  the  conveyance  of  building  materials  that  now  exist  almost  eveiy- 
wliere,  bricks  are  more  generally  adopted  for  building  purposes  than  any  other 
material  Even  in  some  districts  where  building-stone  is  found  on  the  spot,  bricks 
are  bi*ought  by  railway  for  use  in  internal  walls  and  otherwise  This  is  partly  due 
to  their  being  obtainable  at  very  moderate  cost,  but  mainly  perhaps  because  of  the 
great  £eu;ility  with  which  they  can  be  used  in  the  construction  of  a  wall. 

Bricks  are  ordinarily  of  a  uniform  size  of  nine  inches  in  length  by  four  and  a 
half  inches  in  width,  and  three  inches  in  thickness.  There  is  but  little  variation 

from  this  size  throughout  the  country.  In  Yorkshire  and  Lancashire  they  are  a 
trifie  larger,  while  in  the  south  they  are  often  a  little  less  in  size.  But  for  all 
practical  purposes  the  dimensions  above  described  may  be  referred  to  as  the 

ordinary  size  of  a  biick ;  and  experience  has  shown  that  it  is  the  most  generally 
convenient  size  both  for  the  construction  of  walls,  and  for  the  bricklayer  to  handle 
when  at  work. 

Under  these  circumstances  it  is.  not  surprising  to  find  that  rules  for  the 
thickness  of  walls  of  houses  are  generally  based  primarily  on  the  supposition 
that  they  are  to  be  constructed  of  brickwork,  and  whatever  different  thickness  may 
be  necessary  in  the  case  of  walls  built  of  other  materials,  it  can  be  prescribed  merely 
l)y  a  specific  d'  aviation  from  the  thickness  that  would  be  requisite  for  a  brick  wall. 
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This  is  the  plan   that  has   been   adopted  in  Uie  HetropoUtan  Building  Act,  iind 
tbo  in  most  of  the  local  building  acta  and  regulations  throughout  the  country. 

So  iar  as  gtabilitj  alone  is  concerned,  it  will  ordinarily  suffice  for  walls  built 
of  uij  of  the  materials  above  mentioned  to  be  formed  of  the  thickness  that  is 

found  necesaiy  for  brick  walls,  with  the  exception  that  in  certain  nibble-work 
walls,  with  what  are  known  afl  random  courses,  or  in  which  the  beds  of  the 
■tones  are  not  laid  horizontally,  and  also  in  walls  of  flintwork  construction,  a 
ratber  greater  thickness  ia  needed.     An  increase  of  at  least  one-third  is  generally 

The  quality  of  the  matorials  that  are  used  in  the  ootutmction  of  the  walla 
of  a  lionse  will  often  necessitate  a  greater  thickness  than  is  absolutely  reqnired 
merely  for  pnrposes  of  stabiKty.  Thus  it  rarely  ht^pens  that  singlo-brick  walls 
(nine  inches  thick)  will  eSectuallj  keep  oat  the  weather ;  and  frequently  a  brick- 
lod-a-hatf  wall  (fourteen  inches  thick)  is  inadequate  for  the  purjiose.  In  the 
same  way,  many  kinds    of   building  -  stone    are   readily    penetrated    by  a  driving 

Pif.  ](.— Esgliili  Bond.  nc.  U.— namlih  Bond. 

nin.  Hence  an  increase  of  thickoess  becomes  neoenary,  or  some  of  the  precautions 
already  described  have  to  be  resorted  to. 

In  the  constmction  of  brick  walls  it  is  necessary  to  so  interlace  the  bricks  that 

t^j  will  tie  the  wall  together  in  all  directions.  Hiis  is  called  "  bonding,"  and 
it  is  necessary  to  take  special  notice  of  this  subject,  because  in  many  bouses,  as 
ordinarily  built,  broken  bricks,  or  bate,  as  they  are  termed,  are  often  used  insteiid 
rf  wWe  bricka,  and  the  stability  of  the  wall  is  thereby  rendered  leas  secure. 

Hera  are  two  methods  of  bonding  in  common  use — one  termed  English  bond 
ind  the  other  Flemish  bond.  The  English  bond  (Fig.  U)  ia  tJiat  in  which  the  courses 

of  bricks  are  lud  alternately  all  lengUiways,  or  "stretchers,"  and  all  endways,  or 
"  headers."  In  the  Flemish  bond  (Fig.  15),  which,  as  its  name  implies,  was  intro- 
doced  from  Holland  about  tlie  time  of  William  and  Mary,  the  conraes  of  bricks  are 

laid  with  "headers"  and  "stretchers"  alternating  in  every  coursa  The  English 
bimd  ii  held  to  be  preferable,  on  account  of  its  superior  strength,  as  Flemish 
Wd  does  not  effect  such  secure  tie,  both  lengthways  and  widthways  in  the 
wall,  as  the  Kngl'ib  bond. 

ffcx^Ton  Bond. — It  is  not  uncommon  to  increase  the  strength  of  walls  by 
the  introduction  of  bond  timber  or  hoop-iron  bond.  Formerly  bond  timber  was 
la^ty  used  in  walls,  but  owing  to  its  liabili^  to  rot,  or,  in  the  case  of  a  fire 
occtnring,  to  be  burnt,  and  impair  the  stability  of  the  wall,  it  has  been  almost 
entirely  snpeneded  by  hoop-iron  bond. 

Whenerer  the  foundations  axe  at  all  doubtful,  or  where  permanent  security 

■*  specially  needed,  the  use  of  Loop-iron  bond  in  tiie  walls  is  moat  valuable.     It 
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consists  of  strips  of  hoop-iron^  usually  tarred  to  presenre  it  from  rust,  and 
sanded  to  assist  the  mortar  to  adhere  to  it^  and  is  laid  between  the  courses  of 
bricks  for  two,  three,  or  four  courses  in  height,  at  the  most  convenient  places 

in  the  elevation  of  the  wall  One  strip  of  hoop-iron  should  be  laid  in  each 
half  brick  of  the  thickness  of  the  wall  It  is  often  deemed  necessary  to  form 
these  bonding  tiers  in  cement  brickwork,  in  order  to  secure  an  increase  of 
strength  of  l^e  entire  tier.  A  patented  hoop-iron  bond  is  sometimes  used,  with 
the  object  of  securing  a  firmer  hold  on  the  brickwork;  it  consists  of  strips  of 
hoop-iron,  with  notches  formed  at  distances  of  about  twelve  inches  apart  alternately 
along  each  edge,  the  comer  of  iron  at  each  notch  being  turned  up  so  as  to 

-eflfeot  a  better  key  in  the  mortar  or  cement. 
Stone  walls  for  houses  are  more  often  built  merely  with  a  fiEusing  of  stone 

and  a  backing  of  brickwork.  Even  in  districts  where  stone  abounds  it  is  not 
unusual  to  adopt  this  mode  of  construction.  The  same  may  to  a  great  extent 
be  said  of  rubble  walls. 

Fiinhoork  Walls, — Flintwork  is  used  more  for  the  smaller  class  of  houses, 
inasmuch  as  it  is  inexpedient  to  build  walls  of  this  construction  to  any  considerable 
height  These  walls  are  composed  mainly  of  mortar,  and  hence  they  have  to 
be  proceeded  with  comparatively  slowly,  in  order  that  the  mortar  may  have 
time  to  set  and  become  hard,  otherwise  there  would  be  risk  of  the  weight  of 
the  upper  part  of  the  work  crushing  the  lower  part,  and  resulting  in  the  collapse  of 
the  whole.  There  are  many  instances  on  record  of  the  complete  fEulure  of  new 
buildings  erected  with  walls  of  this  kind  of  construction  during  a  continuance 
of  wet  weather,  which  has  prevented  the  mortar  from  setting.  Houses  built 
of  flintwork  should  always  have  in  their  walls  a  proportion  of  brickwork  equal 
at  the  least  to  one-fifth  of  their  entire  bulk,  properly  distributed  in  piers  and 
horizontal  courses. 

Concrete  WaUe. — ^Concrete  walls  have  in  recent  years  been  much  adopted, 
and  when  properly  constructed  with  good  materials  are  found  to  answer  admirably, 
even  for  houses  of  considerable  height.  The  concrete  for  this  purpose  ought  to  be 
formed  of  cement  in  preference  to  ordinary  lime,  as  cement  not  only  sets  more 
rapidly,  and  thus  obviates  the  difficulty  just  referred  to  in  regard  to  walls 
formed  of  flintwork,  but  it  is  harder  when  it  has  set,  and  consequently  insures  a 
more  secure  construction,  which  is  especially  important  in  the  case  of  buildings  of 

great  height.  Concrete  waUs,  if  built  of  good  materials,  are  often  far  moi'e  efiectual 
for  keeping  out  the  weather  than  ordinary  brick  walls  of  the  same  thickness,  and  as 
they  are  somewhat  cheaper  to  construct  it  is  probable  that  they  will  become 
more  commonly  adopted  than  hitherto.  They  require  special  apparatus  in  their 
construction,  and  this  has  no  doubt  tended  to  retard  their  introduction. 

In  building  a  house  of  concrete  the  walls  are  formed  by  fixing  a  frame  or  mould 
of  planks  or  iron  plai-es,  and  fiUing  it  with  the  concrete,  taking  care  to  pack  it  well 
and  ram  it  down.  The  concrete  is  put  in  in  layers  about  six  inches  thick,  untH  it 
reaches  the  top  of  the  frame  or  mould.  The  concrete  takes  about  a  couple  of  days  to 
set  sufficiently  hard,  and  the  frame  is  then  removed  and  refixed  higher  up,  to  allow 
of  another  course  being  formed,  the  courses  being  about  eighteen  inches  in  height. 
The  two  sides  of  the  frame  or  mould  have  to  be  tied  togeUier  by  pins  or  bolts  to 
keep  them  parallel,  and  the  bolts  are  drawn  out  each  time  the  frame  has  to  be  raised. 
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SfKOil  f  ramen  have  to  be  used  for  angles  of  bnildiiigB,  and  moolds  are  required  for 
fonoiog  the  flaes.  It  is  conyenient,  moreover,  to  build  in  the  frames  of  doora  and 
windows  as  tiie  work  proceeds.  The  external  face  of  the  wall  is  generally  finished 
mth  stacco,  and  decorated  according  to  &iicy. 

Hay-timber  WaUt. — Half-timber  woi^  has  long  been   used  in  the   domestic 
srchitectora  of  England.     It  is  met  with  in  Tarioua  parts  of  l^e  conntiy,  and 
nnmeroQs  old  towns  possess  spedmens  which  are  cherished  with  much  fenronr. 
Time  are  some  good  spedmena  at  Exeter,  and  even  London,  with  all  ita  modem  re- 
c(8lBtnlctioI^  is  still  not  without  some  specimens  of  old  timber  buildings.    The  city  of 
Chester,  however,  can  show  finer  examples  of 
this  picturesque  style  than  any  other  town  in 

the  kingdom.     "  The  Bows  "  in  that  city  are 
unique,  and  form  oue  of  the  most  interesting 
features  for  the  curioaity  of  the  visitor. 

Of  course,  with  the  introduction  of  timber 

into  Uie  walls  of  a  house,  there  may  be  a  cor- 
responding danger  of  fire  ;  but  this  objecdon 

can  be  reduced  to  a  minimum  without  much 

difficulty.  The  kind  of  construction  in  ques- 
tion is  obviously  not  adspt«d  for  any  but 

external  walls,  nor  indeed,  seeing  that  It  is 
only  for  appearance  that  it  would  be  used, 
would  it  be  required  for  other  than  external 
walls. 

For  preventing  the  spread  of  fire  it  is 
necessary,    in    the   case    of  attached   houses, 
to  avoid   all  condnnity  of  the  timber  fram-  ng.  is.— Halt- timber  .Woil. 
ing  from  one    house    to    the    next  adjacent 
house.  This  is  eaoly  e£fect«d  by  bringing  the  party  walls  through  to  the  front  for 
their  fall  thickness,  and  making  them  project  a  trifie  beyond  the  face  of  the  timber 
framing.  For  the  rest  it  is  very  desirable  that  the  interstices  between  the  framing 
should  be  completely  filled  in  with  solid  brickwork,  and  that  there  should  be  a  four- 
aiid«-half-inch  thic^ess  of  brickwork  at  the  back  of  the  timbers,  aa  described  fpr 
tile-faced  timber-bamed  walls.  If  theee  precautions  are  taken,  there  will  practically 
be  no  risk  of  fire  on  account  of  this  mode  of  oonstmctiou. 

Tvrra  eotta  is  a  material  which  has  been  extensively  used  of  late  years  for 
building.  It  is  made  with  certain  kinds  of  clay  usually  mixed  with  other  substances, 
chiedy  glas,  pottery,  and  sand,  and  ground  up,  strained,  kneaded,  and  finally  forced 
into  moulds  and  balied  in  a  kiln.  The  great  difficulty  to  be  contended  with  in  iLe 
msnuCsctnre  of  terra  ootta  is  the  unequal  shrinkage  of  the  clay.  Great  care  has 
to  be  exercised  boUi  in  the  preparation  of  the  material  and  in  the  burning.  On 
acemmt  of  the  richness  and  variety  of  its  colour  and  the  delicacy  and  variety 
of  ornamental  treatment  of  which  it  is  susceptible,  it  is  a  valuable  mateiial.  Its 
dunlnlity  nnder  the  conditions  of  such  an  atmosphere  as  Iiondon  has  yet  to  be 
MtaUighed.  In  point  of  cost  it  is  probably  about  the  same  as  Portland  stone. 

Poiribiy,  in  very  large  wrarks,  ̂ hen  ornamental  features  are  oft«n  repeated,  the 

'M  mr  be  somevhat  lees.     Examples  of  the  use  of  terra  cotta  in    important 
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buildings  are  to  be  seen  in  the  new  Natural  Histoiy  Museum  and  the  Scienoe 
Schools,  both  at  South  Kensington. 

Before  quitting  the  subject  of  the  walls  of  a  house  it  will  probably  be  useful  to 

refer  to  party-waUs,  and  the  precautions  that  are  necessary  for  the  prevention  of 
the  spread  of  fire  from  a  burning  house  to  the  next  house.  It  is  to  be  remembered 
that  Parliament,  by  givdng  to  borough  councils,  local  boards,  and  other  sanitary 
authorities,  power  to  regulate  the  proper  construction  of  the  walls  of  new  buUdings 

for  the  prevention  of  fires,*  has  imposed  upon  them  a  very  considerable  responsi- 
bility, and  one  which  ought  in  no  way  to  be  neglected.  Few  persons  who  have  not 

had  the  misfortune  to  occupy  a  house  next  to  one  that  has  been  destroyed  by  fire 
can  realise  the  feeling  of  distrust  that  rises  up  in  the  mind  as  to  the  efficiency  of  the 

protection  afforded  by  the  ordinary  party-wall,  and  the  chance  that,  owing  to  some 
improper  construction,  the  misfortune  that  has  be&dlen  a  neighbour  may,  in  the 

course  of  a  short  half-hour,  make  similar  havoc  with  his  own  house  and  property. 
Of  course,  if  every  building  were  enclosed  exclusively  in  its  own  walls,  those 

walls  would  all  be  what  are  known  as  *'  external  walls,''  and  safety  from  the  spread 
of  fire  by  this  channel  would  be  almost  absolute.  But  inasmuch  as  it  would  be  a 
somewhat  unnecessary  expense,  and  consequently  would  act  oppressively  to  require, 
in  the  case  of  attached  houses,  the  adjacent  external  walls  to  be  in  duplicate,  it  is 
invariably  permitted  to  substitute  a  single  wall  as  the  separation  between  attached 

houses,  and  it  is  this  wall  that  is  designated  a  *^  party- wall." 
A  party-wall  has  been  defined  as  a  wall  used,  or  constructed  to  be  used,  in  any 

part  of  its  height  or  length  for  the  separation  of  adjoining  buildings  belonging  to 
different  owners,  or  occupied,  constructed,  or  adapted  to  be  occupied  by  different 

persons.  A  party-wall  is  also  a  wall  which,  forming  part  of  a  building,  stands,  in 
any  part  of  its  length,  to  a  greater  extent  than  the  projection  of  its  footings  on  one 
side,  on  the  lands  of  different  owners. 

A  good  party-wall  is  most  important  for  the  proper  separation  of  all  attached 
housesL  It  is  the  custom  of  most  fire  insurance  offices  to  impose  an  extra  rate  of 

premium  on  any  house  that  is  separated  from  its  neighbour  by  an  imperfect  party- 
wall,  or  by  a  party-wall  which  is  not  carried  up  through  and  above  the  roof.  £ven 
detached  houses,  if  very  near  to  their  neighbours,  may  be  seriously  endangered  if  one 
of  them  happens  to  be  destroyed  by  fire,  for  the  flames  may  easily  extend  to  the 
overhanging  eaves  or  the  rafters  of  the  roof  of  a  neighbouring  house,  if  it  be  not 
sufficiently  remote. 

In  order  to  obviate  this  danger,  it  is  commonly  prescribed  in  building  Acts,  and 
other  building  regulations,  that  in  the  case  of  any  house  being  within  a  distance  of 
fifteen  feet  from  any  other  house  the  external  walls  on  the  side  adjacent  to  the  next 
house  shall  be  carried  up  above  the  roof,  so  as  to  form  a  parapet  at  least  twelve 
inches  high. 

In  the  case  of  attached  houses,  it  is  usual  to  carry  up  the  party-walls  through 
and  above  the  roof,  so  as  to  form  a  parapet  at  least  fifteen  inches  in  height.  Tliis 
is  necessary,  inasmuch  as,  should  one  of  the  houses  be  destroyed  by  fire,  the  flames 
from  it  would  be  liable  to  be  driven  over  the  roof  of  the  adjoining  house,  and  the 
heat  would  quickl^f  crack  the  slates  and  expose  the  rafters  and  other  roof  timbers^ 
which  would  at  once  be  ignited,  and  thus  lead  to  the  destruction  of  a  second  house. 

*  Fide  38  &  39  Tla,  cap.  66k§167(2). 
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It  is,  howBTer,  obviouB  that  these  contingencies  are  more  likely  to  occur  in 
large  honaes  and  buildings  filled  with  combustible  materials,  which,  when  on  fire, 
would  make  a  great  blaze^  than  in  small  houses,  and  consequently  this  requirement 
is  not  infirequently  applied  exclusively  to  domestic  buildings  exceeding  a  certain 
specified  height,  and  to  warehouse  buildings  and  public  buildings ;  and  in  this  way 
the  additional  cost  that  is  incurred  by  the  precaution  is  obviated  in  the  case  of  small 

booses  and  labourers'  cottages,  where  every  extra  shilling  of  outlay  has  to  be  avoided 
as  fetf  as  poesibleL  On  the  other  hand,  in  the  case  of  large  buildings  filled  with  com- 

bustible goods,  which  would  make  a  great  fire  if  they  became  ignited,  a  higher 
parapet  than  the  one  above  described  would  be  necessary  if  due  security  is  to  be 
insured,  and  three  feet  is  frequently  prescribed  in  these  cases. 

Whereyer  a  parapet  is  formed  it  is  important  to  take  precautions  against  the 
possibility  of  damp  soaking  down  the  wall.  This  may  be  effected  in  various  ways, 
and  with  various  degrees  of  success.  The  parapet  may  be  finished  with  a  course  of 
bricks  on  edge,  laid  in  cement^  with  some  plain  tiles  projecting  below  them,  in  order 

to  prevent  water  from  trickling  down  the  sides ;  and  sometimes  what  is  called  water- 
taUing  is  adopted,  which  consists  of  properly-sloped  slabs  of  stone  laid  on  the  top  of 
the  parapet,  and  projecting  a  few  inches  over  the  sides.  The  parapet  is  occasionally 
cemented  all  oyer.  An  important  point,  however,  in  regard  to  the  parapet,  is  the 
way  in  which  the  roof  is  finished  against  it^  so  as  to  prevent  wet  from  finding  its 
way  into  the  building  at  that  point  This  is  effected  sometimes  by  what  is  known 
as  a  cement  flashing  which  is  a  pad  c^  cement  laid  along  the  angle  formed  by  the 
shites  and  the  parapet  This  kind  of  flashing,  however,  is  never  adopted  in  good 
woric,  because  the  slates  are  very  apt  to  sink  away  from  the  cement,  or  to  draw  it 
away  from  the  wall  The  cement  is  then  liable  to  crack,  and  become  displaced,  and 
thus  to  let  the  wet  get  into  the  building.  A  fiur  better  plan  is  to  use  lead  flashing. 
The  lead  is  inserted  in  the  joints  of  the  brickwork,  and,  covering  the  joint  or  angle 
formed  by  the  slates  with  Ihe  parapet,  extends  on  to  the  slates  a  sufficient  distance 
to  prevent  the  wet  getting  under  them.  Another  method  of  preventing  wet  from 
soaking  down  the  wall  is  to  continue  the  slates  through  the  wall,  beneath  the 

parapet,  bedding  them  in  cement,  so  as  to  form  a  kind  of  damp-proof  course  near  the 
top  similar  to  the  damp-proof  course  that  has  already  been  described  pear  the  bottom 
of  the  walL 

Another  subject  intimately  connected  with  the  waUs  of  a  house,  and  which 
needs  most  carrful  attention  in  regard  to  the  safety  of  buildings  from  fire,  is  the 

construction  of  fireplaces  and  chimneys,  and  the  proximity  of  timber  and  wood- 
work to  the  inside  of  flues.     The  defective  construction  of  flues,  and  carelessness 

in  fixing  woodwork,  are  among  the  commonest  causes  of  damage  to  buildings  by 
fire.    The  heedless  way  in  which  workmen  sometimes  drive  wooden  plugs  and 

insert  wooden  bricks  (for  fixing  door-frames,  skirtings,  &c.)  in  walls  and  chimney- 
breasts,  so  as  even  to  project  into  a  chimney  flue,  renders  it  a  matter  for  surprise 
that  fires  from   this   cause  are   not  of    more  frequent   occurrenca      It  is  not 

improbable,  however,  that  many  of   the  fires  that  are  reported  as  of  unknown 
caue  actoaUy  owe  their  origin  to  defective  construction  of  flues,  or  to  woodwork 

f^^  improperly  fixed  near  theuL 
^mneV'Eues  are  usually  surrounded  by  brickwork,  often  not  more  than  four 

s  iaif  inches  thick,  and  in  order  to  form  a  smooth  surface  that  will  not 
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facilitate  the  adhesion  and  accumulation  of  soot,  as  well  as  in  order  to  fill  up  all 
accidental  interstices  in  the  brickwork,  the  internal  surflBM^e  of  the  flue  has  to 

be  covered  with  a  kind  of  plaster  known  as  ''  pargetting/'  and  formed  of  lime  and 
cowdung.  Sometimes  the  flue  is  lined  with  stoneware  pipes  instead  of  being 
pargetted.  In  pargetted  flues  it  is  not  at  all  uncommon,  though  most  improper,  to 
find  that  after  Uie  bricklayer  has  finished  his  part  of  the  work,  the  carpenter  drives 

wooden  plugs  in  the  joints  of  the  brickwork  in  order  to  enable  him  to  fix  a  door- 
frame or  skirting  round  a  room.  In  driving  the  wood  plugs  into  the  fouisand-a- 

half-inch  brickwork  around  the  flue,  he  can  scarcely  avoid  displacing  a  considerable 
portion  of  the  pai^tting  in  the  flue,  and  thus  the  woodwork  is  exposed  to  the 
direct  action  of  the  heat  in  the  flue ;  and  if  an  accumulation  of  soot  should  occur 
near  the  wood  and  become  ignited,  there  would  obviously  be  very  considerable 
danger  of  fire  extending  to  the  rest  of  the  house. 

In  the  same  way,  though  perhaps  with  slightly  less  risk,  timber  is  sometimes 
placed  against  the  brickwork  of  a  chimney-flue  when  it  is  of  insufiident  thickness. 
If  the  brickwork  is  only  four  and  a  half  inches  thick^  there  can  be  no  perfect  bond, 
and  consequently  there  is  risk  of  the  joints  being  imperfect  and  of  fire  being  carried 
through  them  by  a  draught  to  the  timber  in  the  immediate  neighbourhood.  Hence 
it  is  usual  in  such  cases  to  require  the  outer  face  of  the  brickwork  about  a  chimney 
flue,  when  it  is  no  more  than  four  and  a  half  inches  in  thickness,  to  be  plastered 
where  any  timber  is  near  it. 

It  is  necessary,  where  complete  safety  from  fire  is  desired,  to  require  the  brick- 
work about  a  chimney  to  be  at  least  nine  inches  thick,  instead  of  only  four  and  a 

half  inches,  at  any  rate  up  to  a  certain  height  above  the  fireplace,  and  this  is 
specially  necessaiy  in  the  case  of  chimney-flues  from  kitcheners  and  scullery  or 
wash-house  copper  furnaces,  where  the  heat  passing  up  the  chimney  is  veiy  great. 
Owing  to  the  fact  that  kitchens  are  now  so  commonly  fitted  with  close  ranges, 
in  which  all  the  air  that  goes  up  the  chimney  passes  through  the  fire  itself,  it  is 
usual,  in  properly-constructed  buildings,  to  surround  the  kitchen  chimney  with  nine- 
inch  brickwork  for  a  height  of  ten  feet  or  more  above  the  top  of  the  fireplace,  and 
thus  carry  it  safely  past  the  timbers  of  the  floor  immediately  above  or  of 
the  roof. 
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CHAPTER  m, 

BRICKS,  8TOKE8y  AND  MOBTAB. 

Bkieio— Mortar--Jomte--QiM&tieBof  SioiM— IkUiire^  Stone  lued  in  ih*  HooMt  of  FteUMiieiit,  uid 
ihe  BfiMons— lAjing  Stones  in  their  Nfttuml  Poeition*— Varioni  Kindi  of  Stone  wed  in  Boildinff— 
Slates  and  ISe-stones. 

It  irill  be  useful  here  to  refer  to.  the  quality  of  bricks  and  ordinary  mortar,  and 
the  building-stones  that  are  oonunonly  used  in  the  oonstmction  of  the  walls  of 
houses.  This  is  a  point  that  is  often  lost  sight  of  in  the  construction  of  the  houses 

of  the  middle  and  lower  classes,  where  the  builder's  chief  interest  lies  in  completing 
ihe  house  in  the  most  expeditious  manner,  and  at  the  least  cost  to  himself,  so  that 
he  may  obtain  an  early  purchaser  and  be  relieved  of  all  future  responsibility.  It  is 
unfortunate  perhaps  that  new  houses  so  frequently  find  ready  purchasers,  for  this  ia 
certainly  an  inducement  to  speculating  builders  to  adopt  inferior  materials  and 
imperfect  work,  where^  either  from  its  being  speedily  covered  up,  or  from  a  want  of 
technical  knowledge  on  the  part  of  the  intending  purchaser,  it  is  not  readily 
observed  until  some  time  after  completion.  Hence  it  is  not  uncommon  in  modem 
suburban  villas  and  cottages  to  find  that  bricks  of  an  inferior  kind  have  been  used 
for  the  walls,  stone  of  a  perishable  nature  for  the  sills  and  lintels,  and  that  the 
mortar  with  which  the  bricks  and  stones  are  put  together  is  little  better  than  mud. 

In  the  selection  of  bricks  it  must  be  remembered  that  those  of  uniform  colour 

sre  generally  picked  out  for  facings,  and  therefore  command  a  higher  price.  Those 
bricks  which  are  heaviest  and  hardest  are  generally  the  most  durable  and  best 
One  of  the  commonest  methods  of  testing  the  quality  of  bricks  la  to  take  one  in 
each  hand,  and  knock  them  together.  Bricks  of  good  quality  so  tested  will  give  a 
dear  ringing  sound.  A  good  stock  brick  should  weigh  not  less  than  about  five 
pounda 

The  ordinary  red  brick  is  generally  more  absorbent  than  the  hard  stock  brick, 
and  18  therefore  commonly  used  for  dressings  and  ornament  only,  but  red  bricks  of 
fairly  dense  and  durable  quality  are  nevertheless  to  be  obtained.  Some  excellent 

machine-made  white  perforated  bricks  are  frequently  used  for  facings.  The  perfora- 
tions lessen  the  weight,  and  so  facilitate  the  carriage  of  the  bricks,  whUe  they  form 

a  sort  of  key  for  the  mortar,  and  also  promote  uniformity  in  the  burning. 
Mortar  ought  to  be  compounded  of  clean  sharp  sand  and  slaked  lime  ordinarily 

in  the  proportion  of  one  part  of  lime  to  three  parts  of   sand.     Grouting,  or  fluid 
mortar,  with  which  the  interstices  of  the  brickwork  should  be  filled  up  about  every 

I  fourth  course,  ia  merely  ordinary  mortar  reduced  to  a  liquid  consistency  by  the 
addition  of  a  greater  quantity  of  water. 

l^ie  sand  that  is  used  in  mortar  should  be  tolerably  fine  and  free  from  shingle, 
or  small  stones.  It  is  important,  moreover,  that  it  should  be  free  from  impurities, 
such  as  earthy  or  clayey  matters,  for  it  must  be  remembered  that  the  ultimate 
strength  of  the  mortar  depends  upon  the  adhesive  quality  of  the  lime  and  the 
particles  of  sand ;  and  if  the  latter  be  coated  with  an  intermediate  layer  of  clay, 
the  lime  and  the  sand  will  easily  be  separated  either  by  moisture  or  by  uneven 



52 CUB  HOM] 

pressure.  Hence  it  is  yeary  desiitible  to  wash  all  the  sand  that  is  to  be  used  in  a 
building  so  as  to  remoye  all  clay  or  mud.  Many  builders  are  in  the  habit  of 

using  "  road  scrapings/'  but  owing  to  the  quantity  of  foreign  matter  it  contains, 
including  much  that  is  capable  of  decomposition,  its  fitness  is  obviously  not  always 
to  be  relied  u|)on.  It  is  certain,  however,  that  much  inferior  mortar  is  used  in  the 
erection  of  suburban  viilaji  and  cottages,  the  walls  being  put  together  with  only  a 
scanty  quantity  of  even  that  material,  and  the  joints  of  the  brickwork  on  the 
exposed  faces  are  afterwards  pointed  with  mortar  of  a  somewhat  better  quality. 

Another  feature  in  speculating  buUders'  brickwork  is  the  thickness  of  the  joints 
between  the  bricks.  This  is  a  very  common  defect  The  bricks,  instead  of  having 
only  sufficient  mortar  between  them  for  the  purposes  of  adhesion  and  of  equally 
distributing  the  pressure,  have  a  thick  bed  of  inferior  mortar,  which  readily  absorbs 
a  driving  rain,  and  then,  after  a  frost,  soon  crumbles  away.  The  best  joint  for 

ordinary  brickwork  is  a  carefully  trowel-struck  narrow  joint,  never  exceeding  a 
quarter  of  an  inch  in  thickness,  and  having  the  upper  edge  slightly  indented, 
and  the  lower  edge  flush  with  the  face  of  the  bricks,  or  slightly  projecting 
(Fig.  17,  a).  If  good  mortar  be  used,  this  joint  will  throw  off  the  rain,  and  last 
for  an  almost  indefinite  time.  Some  joinfcs  in  brickwork  that  are  made  by 

pointing  after  the  wall  has  been  built,  such  aa  ̂ *  tuck  "  pointing  (6),  and  "bastard 
tuck  "  pointing  (c),  seem  specially  intended  to  last  only  a  few  years. 

The  selection  of  stone  for  use  in  building  is  a  point  of  the  utmost  importance, 
and  no  care  or  trouble  should  be  spared  to  ensure  that  the  choice  made  shall  be  that 

most  likely  to  withstand  the  influences,  whether  natural  or  artificial 
to  which  it  may  be  subjected. 

The  use  of  stone  in  the  smaller  classes  of  houses  is,  except  in 
localities  where  it  is  indigenous  and  cheaper  than  bricks,  restricted  to 

window-sills,  steps,  and  ornamental  appendages,  commonly  known  as 
dressings.  Where  good  stone  is  not  readily  at  hand,  and  good 
bricks  are  to  be  had,  the  use  of  stone  should  be  confined  within  the 

narrowest  possible  limits. 
Most  of  the  soft  friable  Bath  stone,  used  cemmonly  in  small  sub- 

urban houses  to  give  an  attractive  appearance  and  thereby  make 

them  more  readily  saleable,  will,  long  before  the  ground-leases  have 
run  their  term,  have  to  be  replaced  by  other  stone,  as  otherwise 
it  will  perish  with  the  action  of  the  weather,  and  disappear  in  an 
almost  impalpable  dust 

In  selecting  a  stone  for  building,  the  first  characteristic  to  be 

sought  for  is  durability.  Various  methods  can  be  adopted  to  ascer- 
tain if  a  stone  possesses  this  property.  The  weathered  fiice  of  the 

stone  in  an  old  quarry,  or  the  exposed  side  of  a  cliff,  is  a  valuable 
evidence  of  the  wearing  qualities  of  a  stone  where  it  is  to  be  used 

in  the  immediate  neighbourhood,  or  under  similar  conditions  as  to  climate. 
Old  buildings  also  afford  valuable  information  as  to  the  durability  of  the  stone  of 

which  they  are  constructed.  In  these  days  of  advanced  geological  knowledge, 
however,  something  more  than  tests  of  this  sort,  which  are  at  best  but  superficial, 
is  required.  The  chemical  composition  of  a  stone,  taken  in  conjunction  with  the 
particular  atmospheric  or  local  influences  to  which  it  will  have  to  be  subjected. 
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Blioold  be  carefdlly  aaoertained.  In  most  large  towns  solphuric  and  sulphurouB 
Bciidai  carbonic  acid,  and  other  deleterious  gases,  are  absorbed  by  rain  or  the  moisture 
contained  in  the  atmosphere,  and  are  thus  brought  into  most  intimate  connection 
with  the  8ton&  Decomposition  ia  the  natural  result  when  the  stone  used  contains 
carbonate  of  lime  or  carbonate  of  magnesia  to  any  large  extent  The  stone  of 
which  a  considerable  part  of  the  Houses  of  Farliunent.  is  built  is  a  magnesian 

Umeslone  of  an  inferior  kind.  The  smoke-laden  atmosphere  of  London  produces  on 
its  surfaoe  a  soluble  sulphate  of  magnesia  (Epsom  salts,  in  fiict),  which  is  washed 
down  and  disintegrated  by  successive  rains  and  frosts. 

Gare  must  be  taken  to  select  the  best  stone  that  the  particular  locality  or  quarry 
will  fnnush.  In  every  quarry  there  are  many  strata  of  varying  qualities.  The 
different  degrees  of  durability  can  only  be  ascertained  by  actual  experience  i  but  it 

is  impcnrtant  in  any  large  undertaking  to  take  steps  to  ensure  the  use  of  the  particu- 
lar stratum  that  may  be  selected.  It  was  neglect  in  this  particular  which  led  to 

such  lamentable  &ilure  at  the  Houses  of  Parliament. 

As  a  rule  it  is  desirable  that  all  stone  used  in  building  should  be  laid  on  its 
natural  bed  ;  that  ia  to  say,  that  it  should  be  laid  as  nearly  as  possible  in  the  exact 
position  in  which  it  was  origioally  deposited  ia  the  quarry.  The  reason  for  this  is 
not  far  to  seek.  All  limestones  and  sandstones  belong  to  what  are  known  as  sedi- 
mttntary  rocka  The  atoms  of  which  they  are  composed  were  originally  deposited 
at  the  bottoms  of  seas,  lakes,  or  estuaries  of  varying  depths  and  under  varying 
conditiona  They  are,  therefore,  more  or  less  laminated  or  stratified,  and  if  the 
planes  of  stratification  are  placed  at  right  angles  to  the  beds  of  the  masonry, 
there  is  a  tendency  to  scale  off  by  the  action  of  rain  and  frost.  It  is  necessary  also 
to  ascertain  the  original  position  of  the  stone,  as  it  by  no  means  follows  that  the 
plane  of  deposition  is  horizontaL  Many  rocks  are  tilted  up  at  a  very  considerable 
angle  by  disturbances  subsequent  to  the  period  of  formation;  the  lines  of 
lamination  are,  therefore,  many  degrees  from  horizontal.  It  is  these  lines  of 
lamination  which  must  form  the  horizontal  bed  of  the  stone,  whatever  be  their 

present  angle  of  inclination. 
This  rule  is  not  applicable  to  granites  or  other  metamorphic  stone,  nor  to  some 

of  the  more  homogeneous  kinds  of  sedimentary  rocks,  as,  for  instance,  the  millstone- 
grit,  which  can  be  laid  in  any  position.  It  is  also  obvioiis  that  in  the  case  of 
window  mullions  of  great  length  the  stone  cannot  always  be  laid  on  its  natural  bed. 

The  various  tests  by  which  the  characteristic   features  of  a  stone  may   be 
ascertained  cannot  be  minutely  described  hera     It  will  be  sufficient  for  our  purpose 

to  point  out  a  few  of  the  leading  features  for  observation.     *'  Speaking  generally, 
in  comparing  stones  of  the  same  class,  the  least  porous,  most  dense,  and  strongest, 
will  be  most  durable  in  atmospheres  which  have  no  special  tendency  to  attack  the 

constituents  of  the  stone."*    The  capacity  for  absorption  and  resistance  to  crushing 
are  tests  of  some  value,  especially  the  former.     Various  other  tests  are  available, 
but  it  is  scarcely  within  the  scope  of  the  present  work  to  enumerate  them. 

The  uses  to  which  stone  is  applied  in  domestic  buildings  may  be  divided  into 
tbree classes : — 1.   Purely  ornamental   purposes;    2.   Constructive   purposes;    3. 

For  ornamental  purposes,  granite,  and  the  numerous  stones  which  ai-e  capable 
*  "Notea  on  BuUding  ConitrucUon/*  Part  UL 
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of  receiving  a  high  polish,  and  are  classed  under  the  comprehensive  term  of 

marbles,  offer  a  vast  field  for  selection  for  such  purposes  as  chimney-pieces,  paving, 

columns,  and  inlay.  In  point  of  colour  there  is  scarcely  any  limit  to  the  variety 

obtainable,  from  the  pure  white  of  the  famous  Carrara  quarries  to  the  black 

marble  of  Ireland  and  the  beautiful  greys  and  reds  of  the  well-known  Devonshire 

marbles.  Very  effective  -  and  not  very  expensive  paving  can  be  made  from  the 

chips  from  a  marble  mason's  studio.  An  instance  of  this  kind  of  paving,  made  by 
the  female  convicts  at  Woking  Prison,  may  be  seen  at  South  Kensington  Museum. 

Granite  has  been  largely  used  for  ornamental  purposes  of  late  years,  and^  being 

susceptible  of  a  high  polish,  and  being  also  (with  few  exceptions)  of  a  most  durable 
nature,  is  of  considerable  value,  both  for  its  ornamental  and  constructive  qualities. 

The  great  cost  of  working  and  also  of  transit  must  always  tend  to  limit  tlie  use 

of  granite  to  buildings  of  the  larger  kinds.  It  is,  however,  used  in  Aberdeen 
and  other  places  in  the  immediate  localities  of  the  quarries  very  extensively  as  a 
building-stone.  In  Brittany  also  many  of  the  old  churches  are  built  of  granite, 
and  the  mouldings  and  tracery  are  as  clear  and  perfect  as  the  day  they  were  cut. 

As  a  cheap  imitation  of  black  marble,  enamelled  slate  is  fiequently  used  for 

chimney-pieces  and  other  purposes ;  very  fair  imitations  of  other  marbles  are  also 
produced  in  this  material  at  much  lower  cost  than  the  real  marbles. 

The  stone  known  as  Serpentine,  for  indoor  work,  is  scarcely  to  be  equalled 

for  variety  and  beauty  of  colour  and  figure.  The  well-known  Connemara  marble, 

or  Irish  Green,  the  red  and  mottled  varieties  of  Lizard,  and  the  '*  Yerde  antique  " 
of  the  ancients,  all  belong  to  this  class  of  stone. 

The  use  of  marble  or  granite,  to  any  great'  extent,  for  architectural  purposes, 
must  of  necessity,  from  its  cost,  be  confined  to  the  more  expensive  kinds  of  houses. 
Judiciously  applied,  however,  a  small  quantity  of  polished  granite  or  marble 

might  advantageously  take  the  place  of  the  coarse  and  badly-executed  stone-carving 
so  much  affected  by  the  speculating  builder. 

For  constructive  purposes,  stone  is  used  in  walls,  floors,  window-sills  and  heads, 
columns,  steps,  copings,  and  so  fortL  In  places  where  good  building-stone  is 
indigenous,  it  is  usually  the  most  economical  material  for  walls  available ;  hence 
it  will  be  found  used  for  the  humblest  possible  purposes,  as  pigsties  and  garden 
walla  In  other  places,  where  good  bricks  are  available  and  are  less  costly  than 
stone,  the  latter  material  will  be  found  to  be  confined,  except  in  cases  where 
expense  is  not  studied,  to  such  uses  as  sills,  copings,  steps,  dressings,  &a 

The  principal  difficulty  attending  the  use  of  stone  as  a  material  for  the  walls 

of  a  dwelling-house  is  that  of  keeping  out  the  wet.  As  a  protection  from  injury 
from  this  source,  it  is  usual  in  maiiy  places  (parts  of  Somersetshire  and  Devon- 

shire, for  instance)  to  build  the  walls  of  great  thickness.  Where  stone  is  cheap 
there  are  great  advantages  accruing  from  this  custom,  one  of  which  is  that  a  house 
constructed  in  this  manner  is  more  likely  to  be  cool  in  summer  and  warm  in 
winter,  approaching,  in  fact,  to  a  uniform  temperature. 

In  the  neighbourhoods  of  large  towns  biick  is  the  material  most  commonly 
used  for  the  walls  of  houses,  and  the  use  of  stone  is  confined  to  the  accessories 

mentioned  above.  It  is  here  that  it  becomes  most  necessary  to  exereise  care  and 
attention  in  the  selection  of  the  stone  to  be  used,  because  it  will  be  found  that 

the  positions  in  which  stone  is  employed  are  precisely  those  most  affected  by  the 
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weaik^.  It  IB  not  an  uncommon  oocnrrence,  for  instance,  to  find  the  copings  of 

garden  walls  of  recently-erected  houses,  after  a  sharp  frost,  scaling  off  in  large 
Mes.  The  cause  is,  of  course,  due  to  the  freezing  and  subsequent  thawing  of 

the  moisture  contained  in  the  stone;  the  stone  itself  being  some  soft  fi*iable 
freestone  utterly  unfit  for  outside  work  of  any  kind. 

Of  late  years  it  has  been  much  the  fashion  with  speculating  builders  to  use 
stone  for  bay  windows  and  piorches  to  houses  of  as  low  a  rental  as  £30  a  year. 
The  one  object  being  to  attract  purchasers  by  as  showy  an  appearance  as  possible, 
no  care  is  taken,  nor  indeed  would  the  expense  warrant  care  being  taken,  to 
select  a  durable  stone.  The  consequence  necessarily  is  that  before  the  houses  have 

been  occupied  many  months,  the  stone  begins  to  show  signs  of  prematui-e  decay. 
Instances  could  be  given  of  stonework  of  this  description  having  to  be  coated 
with  a  protective  solution  before  the  house  was  completed. 

For  all  ordinary  purposes  in  London  and  the  neighbourhood,  Portland  stone 

is  undoubtedly  the  best-wearing  stone  to  be  had.  It  certainly  stands  the  test  of 

London  smoke  better  than  any  other ;  evidences  of  this  are  to  be  found  in  St  Paul's 
Cathedral,  and  most,  if  not  all  the  City  churches,  erected  by  Sir  Christopher  Wi'en 
after  the  Great  Fire.  The  care  which  Wren  exercised  in  selecting  the  blocks 
for  actual  use  is  evidenced  to  this  day  by  the  blocks  discarded  by  him  still  lying  in 
the  quarry. 

Bath  stone  is  very  considerably  used  for  both  exterior  and  interior  work.  It 
varies  very  greatly  in  quality,  and  much  care  shoidd  be  exercised  in  its  selection. 

For  landing-steps  and  paving,  Yorkshire  stone  is  extensively  used.  The  finer 

and  harder  varieties  make  good  and  durable  stone  sinka      • 
Several  other  varieties  of  stone  are  available  for  use  in  building,  as  the  red  and 

grey  Mansfield,  Kentish  Hag,  Tisbury,  and  others.  It  will,  however,  usually  be 
found  tiiat  most  kinds  of  stone  can  only  be  economically  used  in  the  neighbourhood 
of  their  respective  quarries. 

As  r^rds  the  fire-resisting  qualities  of  stone,  it  may  be  taken  as  a  fact  that 
limestone  is  more  fireproof  than  sandstone.  In  an  experiment  made  after  the 
destruction  by  fire  of  old  Doncaster  Church,  it  was  found  that  while  a  large  block  of 
iandstone  flew  to  pieces  after  being  placed  in  a  fire  but  a  short  time,  a  similar  block 

of  limestone  was  only  superficially  calcined  after  twenty-four  hours'  exposure  to  tho 
flamea* 

limestones  also  were  recommended  by  the  commissioners  for  selecting  the  stouo 

for  the  Houses  of  Parliament,  in  preference  to  sandstones,  '*  on  account  of  their 
more  geaenJ  uniformity  of  tint,  their  comparatively  homogeneous  stiTicture,  and 

the  facility  and  economy  of  their  conversion  to  building  purposes." 
Of  late  years  several  kinds  of  artificial  stone  have  been  introduced,  many  of 

them  of  great  beauty  and  fineness  of  texture.  Their  wearing  qualities  cannot, 
however,  be  spoken  of  with  any  certainty,  while  their  great  cost  renders  them  at 
present  unavailable  for  ordinary  work. 

The  last  dass  of  stone  to  be  mentioned  comprises  those  used  for  roofing  purposes. 
Under  (bis  head  are  to  be  found  slates  and  tile-stones. 

The  ordinary  slate  used  for  roofing  purposes  is  an  altered  form  of  clay  of  fine 

^exime,  origiiially  deposited,  in  all  probability,  as  a  fine-grained  silt,  and  subse* 

*  Beckett,  "  Book  on  Building." 



6Q  OUR  H0MB8. 

quently  subjected  to  enormous  oompression,  which  produced  the  laminated  structure 

or  "  deavage  "  which  is  a  marked  characteristic  of  this  kind  of  rock.  The  special 
value  of  slate  for  roofing  purposes  is  the  ease  with  which  it  can  be  split  along  the 

planes. 
The  planes  of  cleavage  are  either  at  right  angles  to  or  parallel  with  the  bed 

of  the  rock.  In  the  former  case  the  slate  is  used  for  roofing  purposes,  and  in 
the  latter  as  slabs  for  paving.  The  thicker  bedded  varieties  are  used  for  billiard 

and  other  tables,  cisterns,  chimney-pieces,  baths,  and  other  purposes  where 
solid  slabs  are  required.  Slate  slabs  are  comparatively  of  very  considerable 

strength;  'Hhe  strength  of  slate  one  inch  thick  is  considered  equal  to  that  of 
Portland  stone  five  inches  thick."*  Any  size  up  to  six  or  eight  feet  in  length, 
and  from  one  to  three  inches  in  thickness,  can  be  readily  obtained.  Qreater 
sizes  than  these  are  more  costly  in  proportion.  The  slabs  can  be  finished  with 
a  sawn  face,  or  they  can  be  planed,  polished,  or  enamelled.  The  latter  process 
consists  of  first  painting,  then  baking,  then  painting  again  to  the  colour  or 
pattern  required,  then  covering  with  a  coating  of  enamel ;  the  slab  is  then 
baked  and  rubbed  down  several  times  alternately,  and  finally  polished. 

The  Welsh  slates  are  usually  considered  the  best,  and  of  these  the  beet  known 

come  from  Bangor  and  Penrhyn.  The  Penrhjm  slate-quarzy  is  half  a  mile  in 
length  and  a  quarter  of  a  mile  in  width,  and  the  slate  is  worked  in  large  terraces, 

some  thirteen  in  number,  "  like  the  steps  of  a  Titanic  stair."  More  than  three 
thousand  men  are  there  employed  in  the  making  of  slates,  which  are  exported 
to  all  parts  of  the  world.t 

English  slates  are  thicker  and  coarser  than  those  from  Wales.  Gkxxi  slates 
of  a  green  tint  are  quarried  in  Cumberland ;  and  durable  slate  slabs  come  from 
Delabole,  in  OomwalL 

Irish  slates  are  of  several  qualities,  the  best  being  similar  to  the  Welsh.  Some 
writers  consider  them  superior  in  toughness  to  Welsh  slates. 

Scotch  slates  are  very  durable,  though  coarse.  They  often  contain  a  large 
proportion  of  iron  pyrites,  which  does  not  seem  to  militate  against  their  wearing 
qualities.     The  best  Scotch  slate  comes  ivom  Ballachulish  in  Argyleshire. 

Tile-stones  are  thin  bedded  sandstones,  formerly  largely  used  for  roofing  pur- 
poses. They  are  still  used  in  some  parts  of  the  country  (Devonshire,  Glouoester- 

shire,  and  Westmoreland),  where  they  are  cheaper  than  slate,  and  being  much 
thicker  than  slates  have  the  great  advantage  of  protecting  the  interior  of  a  hoiise 
from  excessive  heat  and  cold.  The  principal  drawback  to  their  use  is  their  great 
weight  compared  to  that  of  ordinary  slates. 

♦  Papworth. 

f  Ranuay,  "PhyBical  Geolojy  an  J  Gco^Taphy  of  Great  Britain,"  5tli  ed.,  p.  591. 
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CHAPTER  IV. 

ROOFS    AKD    ROOFING. 

Importance  of  a  good  Roof — Slope  of  a  Roof— Slates,  and  their  Sizes — Lap  and  Method  of  good  Slating 
— ^TUee — ^Lead  and  Zino— Thatch — ^Aoceas  to  the  Roof — Spouts  for  Rain-water. 

Not  the  least  important  part  of  a  hoose  is  the  root  A  house  with  an 
imperfect  roof  is,  as  most  householders  know  to  their  oost^  a  constant  source  of 
orouble  and  expense:  Who  does  not  dread  being  obliged  to  have  workmen  on  the 
roof^  from  the  firm  conviction  that  thej  will  damage  as  much  as  they  go  to  repair. 
Roo£sy  like  foundations,  cannot  i^dilj  be  thoroughly  examined  by  intending  pur- 

chasers, and  consequently  they  afford  opportunity  for  neglectful  work  on  the  part  of 
the  speculating  builder ;  and  yet  the  comfort  of  a  house  veiy  largely  dc[)end8  on  the 
roof  It  may  fail  to  keep  out  the  driving  rain  and  snow,  or  it  may  allow  such  an 
accumulation  of  snow  that  on  a  thaw  taking  place  the  water  is  unable  to  get  away 

as  rapidly  as  it  ought,  and  it  consequently  overflows  the  guttei-s.  The  roof  may  bo 
80  constructed,  moreover,  as  to  allow  the  interior  of  the  house  to  be  inconveniently 
affected  by  the  temperature  of  the  external  atmosphere,  and  also  by  the  noise  of 
rain  or  haiL  In  fine,  a  house,  to  be  thoroughly  comfortable,  must  have  not  only 
good  and  wholesome  foundations  and  substantial  walls,  but  a  thoroughly  good  roof. 

These  three  parts  of  a  house— the  fotmdations,  the  walls,  and  the  roof — are  obviously 
of  the  utmost  importance  in  every  way,  and  in  each  of  them  goodness  of  material 
and  of  workmanship  is  indispensable,  if  they  are  to  answer  their  purpose 
efficiently  and  satisfiEutorily. 

Hoofs  are  generally  covered  with  slates  or  tiles,  but  other  materials  are 
occasionally  used.  In  many  localities,  where  suitable  stone  is  to  be  found,  thin 
slabs  are  adopted.  Zinc,  lead,  and  even  copper  are  also  used  under  some 
drcumstances ;  thatch  is  used  in  rural  districts ;  and  tarred  felt  for  many 
temporary  buildings. 

The  slope  for  a  roof  will  depend  upon  the  material  with  which  it  is  intended  to 
cover  itw  It  will  be  readily  perceived  that  a  metal  covering,  in  which  the  joints 
are  specially  formed  and  are  comparatively  few  and  far  between,  may  be  almost 

fiat,  needing  only  just  sufficient  inclination  to  cause  the  rain-water  to  flow  away. 
Slab  slates  of  lai^  size  may  be  laid  with  an  inclination  of  about  22  degrees,  while 
ordinary  slating  should  have  an  inclination  of  not  less  than  about  2G  degrees. 
Btone  slabs  and  tiles  of  various  descriptions  are  more  porous  than  slates,  and  do 
Q0C  aDow  water  to  run  off  so  freely ;  they,  therefore,  need  an  inclination  of  about 
^  degrees  with  the  horizon,  while  thatch  should  have  45  degrees  of  inclination. 

Slates,  Uke  other  building  materials,  differ  considerably  in  quality.  The 

characteristics  of  a  good  roofing-slate  are  hardness,  fineness  of  grain,  and  small 
C9^»city  for  absorption.  A  brittle  slate  will  crack  and  scale  off  at  the  edges  when 
it  is  aqoared,  and  will  easily  break  with  uneven  pressure  when  in  position  on  a 

roo£  A  soft  slate  will  readily  absorb  moisture,  the  nail-holes  will  enlarge,  and 

dually  the  slate,  in  all  probability,  drops  off  A  good  slate,  if  immersed  for  a  few 

hours  in  water  up  to  half  its  length,  should  not  show  any  signs  of  moisture  above 
7 
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the  water-lin&  Another  oommoii  test  of  »  good  sUte  is  its  smelL  If  it  emits  a 

ci&yey  smell  when  moistened  or  breathed  upon,  it  is  said  to  be  not  capable  of 
reaisting  the  a4^0D  of  the  weather.  Implicit  reliance,  however,  should  not  be 

placed  on  any  one  of  these  teats,  The  grain  or  texture  c^  a  slate  is  readily  seen, 
and  if  the  slate  be  of  a  fine  and  even  texture,  wiUiout  streaks  or  veins,  it  ma; 

generally  be  rc^rded  as  of  good  quality.  Slates  with  veins  or  dark  streaks 

running  in  the  direction  of  the  length  should  be  rejected,  as  the  slate  in  that  case 
is  almost  sure  to  split  along  the  vein.  A  good  slate  should  give  a  clear  metallic 
ringing  sound  when  B^nok. 

The  sUtea  used  for  ordinaiy  roofing  purposes  are  cat  in  the  quarries  to  various 

sixes,  whii^  are  known  technically  as  "  Empresses  "  (26  by  15  inches),  "Princesses  " 

(21  by  U  inohee),  "Ducbestes"  (S4 
by  12  inches),  "  Marchioneeeee "  (32 
by  11  or  12  inches),  "Countesses"  (20 
by  10  inches),  " Yiaoountesses "  (IS  l>j 
0  or  10  inches),  "Indies"  (varying 
from  16  by  10  inches  to  14  ̂   T 

inches),  "Doubles"  and  "Smalls" 
(about  12  by  6  inches).  There  are 
also  some  slates  of  lai;ge  size  known  as 

"Imperials,"  "Bags,"  and  "Queens," 
but  these,  which  have  a  surface  of 
from  five  to  ax  square  feet,  are  not 

often  used.  ■ 
The  size  most  generally  used  is 

"  Counteea"  The  thickness  of  a  good 
Countess  slate  is  about  one-sixth  of  an 

Good  slating  should  be  laid  with  a 
three-indi    lap,    that   is,  each  row  of 

riB.  18.-L.P  In  Bki.  E«(.  fil*'"  ̂ O'^'^  overlap    the   head    or 
upper  part  of  the  second  row  b«low 

it  by  three  inches  (Fig.  18).  This  is  a  very  important  point  in  slatiDg  a  roof,  for 
if,  as  is  sometimes  the  case,  the  Up  be  only  about  one  and  a  half  or  two  inches,  a  strong 
wind  will  drive  the  rain  or  snow  under  the  slating.  Tlie  slates  ought  te  be  laid  on  board- 

ing, and  if  it  be  desired  to  protect  the  interior  of  the  house  from  the  effects  of  heat  and 
cold  on  tho  roof,  it  is  useful  to  interpose  a  layer  of  felt  between  the  boarding  and  the 
slates.  Where  expense  b  sn  object,  laths  are  substituted  for  the  boarding ;  but  this  is 
not  a  very  judicious  method  of  forming  the  roof,  as  the  laths  do  not  afibrd  such  a 
uniform  support  for  the  slates,  and  consequently  the  slates  are  more  liable  to 
damage  by  any  one  having  to  go  on  the  roof.  Blato  latba,  moreover,  do  not 
preserve  an  even  temperature  within  the  building  sa  is  the  esse  with  boarding,  nor 
do  they  in  any  degree  deaden  the  sound  of  lieavy  rain  and  hail.  When  laths  are 
used  it  is  necessary  to  point  the  under  side  of  the  slates  with  hair  mortar — a  process 

technically  termed  "  torching  " — in  order  to  prevent  the  wind  blowing  through  the 
jointe  and  causing  the  slates  to  rattle,  and  carrying  with  it  rain  and  snow.  Slates  are 
fixed  in  their  places  with  naUs  of  copper  or  nnc.     Sometimes  nails  of  a  composition 
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of  «o[^  and  tin  are  used,  uid  in  very  inferior  work  iron  naila  are  nsed.  C<^>per 
naiU  are  tiie  beet,  bat  zinc  and  compomtion  nails  answer  all  ordinary  purposes,  and 
an  mncii  less  costly.  The  ridges  and  hips  of  sUt«  roofs  we  oovered  with  slate 
»Ubs  screwed  to  the  boarding,  and  a  slate  roll  fixed  along  the  joint,  the  whole  being 
put  t<^ha  witli  pntty  or  white  lead.  Sometimes,  for  good  woric,  lead  ridges  and 
hipe  are  used,  and  where  expense  is  an  object,  tale  ridging  is  adopted.  Red  tile 
ridgmg  has  been  used  with  good  efiect  on  green  slating.  It  requires  care  in 
maab&ctnr^  and  the  joints  are  pointed  with  cement  coloured  with  red  brick-dust 

He  Talleys  and  gutters  may  be  formed  of  lead,  or  in  cheap  work  of  Einc.  IJend 
or  zinc  is  also  used  for  the  flashings,  which,  as  preTioosly  described,  are  fixed  at 
tbe  uif^ea  formed  by  the  slating  with  the  brickwork,  in  order  to  prevent  the  wet 
getting  in  there.  Oement  *  is  likewise  nsed  for  this  purpose,  bnt  is  a  very  in- 
dtff««iit  subetitnte  for  lead. 

"Hies  are  formed  of  baked  clay-earth,  and   thoee   ordinarily  nsed    for  roofing 
ire  known  as  plain  tiles  and  pan  tiles.     The  former  are  flat,  and  measoro  about 
lea  and  a  half   inches  by    six   and    a    quarter    inches,    and    are    rather    more 
tbut  half  an  inch   thick.     They  have   two  holes    in    them     for   oak  pins,  with 
viiich  they  are  fostened  to  the  laths.     Pan-tiles  are  of  Dutdi  introduction,  and 
measure  about  fourteen  and  a  half  inches  by  t«u  and  a  half  inches.     They  are  of 
a  bent  form,  having  transversely  both  a 
coarez  and  a  concave  sar&c«,  so  as  to 
overlap  each  o^ier  laterally.     They  are 
hnag  on  the  laths  by  a  projecting  knob 
at  the  back.     Other  tiles  of  more  or  lees 

ornamental    character    are    occasionally 

owd,  sudi   as  flat  Italian  tiles,  having  ^-  «.-P»UDt  HooflBt  TOm. 
raised  edges  along  the  rades  to  receive  a 
covering  row,  or  a  row  of  corering  tJles,  and  along  tbe  top,  to  prevent  rain  from  being 
driven  np  under  them  (Fig.  1 9).     Corrugated  tiles  are  likewise  now  frequently  nsed. 

Uetnl  covering  is  chiefly  nsed  for  flat  roofs.  Lead,  from  itA  durability,  as  well 
*3  TrtMu  the  &cility  with  which  it  can  be  worked,  is  probably  the  most  suitable 
material  for  the  purpose,  bat  it  is  heavy,  and  involves  considerable  strength  in  the 
tiinben  upon  which  it  is  carried.  Copper  is  so  rarely  adopted  in  this  country 
tliat  its  use  need  scarcely  be  described.  Zinc,  in  reoent  years,  has  been  largely 
used,  both  aa  a  covering  matconal  and  for  ornamental  work.  It  is  much  lighter 

and  cheaper  than  lead,  and  its  manufacture  has  of  lato,  aa  is  alleged,  been  so  far 
imimved  that  its  durability  is  greatly  increased     Both  lead  and  nao  are  laid  in 

widths,     with     the     edges 
dressed  over  a  wooden  roIL 

i   The  circular  rolls  in  Figa 

fT'  d  o  a  and  c  (Fig.   20)  are  beat 

wg.  vi.-'Lua  and  Sno  2<^t«.  adapted  to  lead-work,  and 
the  angular  roll  in  Fig.  h  to 

itnc-mrk.  This  method  has  to  be  adopted  in  preference  to  fixing  with  solder  or  nails, 
in  Older  that  tbe  metal  may  have  a  little  space  to  expand  and  contract  in,  and  also 
becaose  nuls  have  to  be  avoided  as  far  aa  poesibte,  on  account  of  the  galvanic 
*<:ti<»  thit  would  result  in  the  destruction  of  both  materials.     Lead  for  roofing 
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riumld  be  what  b  caLod  milled — that  is,  rolled  out  into  sheets — and  where  it  is 
likely  to  have  much  walking  ou  it,  it  should  be  of  a  substance  known  as  six 
pounds  or  seven  pounds  to  tho  foot  superficial.  For  places  where  there  is  no 
traffic  five  pounds  to  the  foot,  or  even  four  pounds  will  suffice.  It  measures 
about  '017  of  an  inch  in  thickness  to  the  pound  weight  per  foot  superficiaL 

Zinc,  wach  as  is  ordinarily  used  for  roofing,  weighs  from  nineteen  ounces  to 
twenty-six  ounces  to  the  superficial  foot  It  is  most  important  that  zinc,  when 
used  fbr  roofs,  should  be  very  carefully  laid,  and  instructions  on  the  subject  e.xe 
issued  by  the  principal  zinc  manulacturetB  for  the  guidance  of  buildere. 

Thatch  makes  a  most  comfortable  roof  It  protects  the  interior  of  the  house 
from  extremes  of  warmth  and  cold,  and  is  far  more  picturesque  than  slates,  but  for 
sanitary  reasons,  elsewhere  referred  to,  it  is  not  to  be  commended.  It  is,  however, 
rapidly  giving  place  to  other  materials,  mainly  on  account  of  its  being  comparatively 
much  less  durable,  and  subject  to  injuiy  by  birds;  and  also  because  of  the  greater 
danger  of  fire,  for  in  dry  weather  it  would  be  easily  ignited  by  sparks  &om  a  chimney 
It  is  usually  about  fourteen  or  sixteen  inches  thick,  and  will  last  from  fifteen  to 

twenty-five  years.  It  lends  itself  readily  to  all  kinds  of  irregularities  in  the  roof,  and 
hence  dormer  windows  arc  easily  formed  in  thatched  roofs,  and  add  to  the  plcturesque- 
neas  of  this  mode  of  ̂construction.     Sometimes  cottages  are  met  with  in  rural  districts 

TUTCBID    COITISI    IT  TUBUBT. 

that  have  an  almost  grotesf|ue  appearance,  owing  to  the  manner  in  which  thi 
dormers  are  found  in  the  thatch.  In  the  annexed  illustrations  of  two  old  cottagri 
at  Tisbury  in  Wiltshire  one  can  almost  trace  the  featurM  of  grotesque  faces. 
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Wlierever  practicable,  some  arrangement  should  be  ma^le  for  affording  acceas  to 
the  roof  <^  the  house  from  within.  Hiere  is  much  objection  to  providing  no  other 
meam  of  access  to  the  roof  of  a  two-storey  or  three-atorey  house  than  bj  a  bidder 

pUc«d  against  the  eaves  or  tlie  parapet  A  long  ladder,  at  best,  is  an  inoonvenient 
iamg  to  place  against  the  roof,  and  may  inflict  damage  on  the  eaves ;  while  it  is  not 
always  easy  to  procure  one  when  wanted.  Access  to  the  roof  should  be  by  a 
Jiimer,  with  a  atep-ladder  leading  thereto,  and  fixed  in  its  place,  so  as  always  to  be 
aiailnhte  when  wanted.  Trap-doors  following  the  slope  ot  the  roof  are  always 
inoHiTenient,  and  very  frequently  let  in  rain.     In  lofty  and  high-pitched  roofs  iron 

Hg.  a.— Hoots  in  Bo<*  W»1L  "I'^ncs  ironi 

hooka  (nij  with  advantage  be  fised  at  intervals,  as  in  Fig.  21,  on  which  to  secure 
^«  ladders  used  in  repairing  the  slating  or  tiling. 

^  down  spouts,  for  carrying  away  rain-water  from  the  roofs,  should  be  fixed  two 

or  tbne  iucbes  away  from  die  wall  (Fig,  22),  in  order  that,  in  the  event  of  their 
''^^^oi'iiiV  stopped  and  overflowing,  the  wator  may  not  ran  down  and  soak  into  the  wall. 



62  0T7B  H<MfE8. 

OHAPTER  V. 

ABR^NOKHENT  AND  PLAKNINO. 

DUflenltiM  in  pUmniiig  Small  Hornet— Ck>tteget— Small  SuboilMm  Homes— Their  Ck>mm<m  Defidenciea 
—The  Small  Semi-detaohed  inU»— Laige  Hoiuee— EHentiali  in  planning  Houses  of  any  dass. 

**  Houses,"  sajs  Lord  Bacon,  "  are  built  to  lire  in,  not  to  look  on ;  therefore  let  use 
be  preferred  before  uniformity,  except  where  both  may  be  had."  The  fundamental 
prindples  of  house-planning  could -hardly  be  more  succinctly  stated.  The  primary 
objects  to  be  attained  in  arranging  the  Various  parts  of  a  house  are  the  health  and 
comfort  of  the  inmates.  These  two  considerations  are,  indeed,  so  intimately  con- 

nected with  each  other  that  it  may  with  justice  be  affirmed  that  a  house  in  which 
the  arrangements  are  in  accord  with  the  laws  of  health  will  also  be  a  comfortable 
one  to  live  in. 

Upon  the  way  in  which  the  various  rooms  and  appurtenances  of  a  house  are 
arranged  depends  very  largely  the  comfort  and  health  of  the  inmates ;  and  this  is 
true,  not  only  of  large  mansions,  but  also,  and  perhaps  even  more  so,  of  the  smallest 
cottage.  The  more  limited  the  space,  the  more  necessaiy  it  becomes  to  utilise  to 
the  best  possible  advantage  every  available  inch.  It  is,  however,  unfortunately, 
more  the  rule  than  the  exception  that  in  houses  where  space  and  outlay  are  con- 

fined within  the  narrowest  possible  limits,  the  skill  and  thought  devoted  to  making 
the  best  possible  use  of  both,  are  of  the  most  meagre  description.  The  long  rows  of 
small  houses  constantly  springing  up  in  the  outskirts  of  our  large  commercial  and 
manufacturing  towns  might  almost  have  been  made  in  some  huge  mould,  so  exactly 
is  every  fault  both  of  construction  and  planning  repeated  with  unerring  regularity 
in  house  after  house.  The  one  idea  that  is  prominent,  the  one  thought  that 
pervades  the  whole,  is  how  to  build  houses  sufficiently  attractive  to  sell,  withont 
regard  to  durability,  to  comfort,  or  to  health.  The  result  of  such  a  system  is,  as 
might  be  expected,  a  dismal  uniformity,  a  pendstent  repetition  ad  nauseam  of  a 
design  which,  if  it  were  as  good  as  it  is,  as  a  rule,  bad,  would  become  intensely 
monotonous  if  repeated  without  break  or  relief  throughout  both  sides  of  an 
ordinary  street. 

In  the  most  elementary  type  of  house,  the  country  labourer's  cottage,  the 
planning  is  a  matter  of  extreme  simplicity ;  a  living-room,  a  kitchen  and  a  wash- 
house  on  the  ground  floor,  and  three  bedrooms  above,  together  with  some  small 
recess  or  closet  for  larder,  and  a  fuelnstore  and  earth-closet  in  the  garden,  comprise 
the  whole  of  the  needful  accommodation;  and  to  arrange  these  in  a  manner 
consistent  with  convenience,  decency,  and  health,  is  no  very  difficult  matter.  The 
area  and  height  of  the  various  rooms  will  of  necessity  be  small ;  all  the  more 
necessary  is  it  therefore  to  so  dispose  the  several  parts  that  the  greatest  possible  use 
is  made  of  the  space.  A  cupboard  contrived  under  a  staircase,  fireplaces  in- 

geniously dovetailed  into  each  other,  and  perhaps  a  projecting  window  judiciously 
placed,  add  immeasurably  to  the  comfort  of  the  inmates  without  increasing  the  cost 
The  common  fashion  of  entering  the  staircase  only  from  one  of  the  living-rootos  is 
not  to  be  commended;    it  is  always  possible  so  to  arrange  that  the  staircase    is 

k 

i 
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approached  from  some  idnd  of  lobby,  however  small.  Neither  ia  it  necessary  to 
plan  the  staircase  in  such  a  way  that  ascending  it  becomes  almost  a  climbing  feat 
It  ought  surely  to  be  considered  that  people  who  inhabit  cottages  are  as  liable  to  old 
age  and  infirmitLes  as  their  more-favoured  fellow-people,  and  for  this  reason,  if  for 
no  other,  a  cottage  staircase  should  be  made  flEurly  easy  of  ascent 

A  good  roomy  porch  with  a  seat  or  two  is  a  most  desirable  adjunct  to  a  country 
cottage,  and  care  should  always  be  taken  to  place  it  on  the  warmest  side,  by 
preference  towards  the  west  Such  an  addition  will  always  be  thoroughly  appre- 

ciated by  the  inmates. 
A  common  fault  in  many  country  cottages  is  the  absurdly  small  size  of  the 

windows,  originally  due,  in  all  probability,  to  the  imposition  of  the  window  tax, 
relios  of  which  may  frequently  be  seen  to  this  day  in  blocked-up  wmdows ;  the 
same  narrow  dimensions  are  still  preserved  as  if  the  tax  were  still  in  force,  and 
glass  were  still  as  expensive  as  of  yore.  Good  wide  windows,  with  plenty  of 
tafeydty  of  opening,  are  at  least  as  necessary  to  the  cottage  as  to  the  mansion ; 
and  the  means  of  opening  and  dosing  them  should  be  as  simple  and  strong  as 
posabla 

Another  familiar  and  picturesque  feature  of  old  country  cottages  is  the  large 

and  roomy  chimxiey-comer,  or  "ingle  nook,"  in  which  there  is  frequently  room 
for  half  a  dozen  people  to  sit  by  the  fire  with  comfort  It  has  migrated  from  tlie 

labourer's  cottage  to  the  lord's  mansion,  where  it  is  reproduced  with  all  the  luxu- 
rioas  appliances  of  carved  oak  settles,  wrought  brass  and  iron  **  andirons,"  and  little 
Btained-glass  windows.  The  enormous  mass  of  brickwork  can  no  longer  be 
economically  implied  to  a  cottage  which  is  to  be  let  at  a  rent  of  perhaps  three 
shillings  a  week,  and  gives  place  to  just  the  mere  amount  necessary  to  set  a  small 
range,  and  to  cany  the  chimneys  of  the  bed-rooms  abova 

It  is  advantageous  for  several  reasons  to  build  cottages  in  pairs;  it  is  economical, 
as  bat  one  wall  will  serve  to  divide  the  two ;  one  well,  one  rain-water  tank,  and 
often  one  bakehouse  will  suffice  for  both  oottage&  The  chimneys  also,  by  being 
all  gathered  into  one  central  stack,  will  draw  better  than  if  built  independently  on 
an  ontside  wall,  and  the  heat  from  them  will  benefit  the  inmates  of  the  cottages 
iiistead  of  being  radiated  into  the  outer  air. 

A  useful  and  sometimes  a  necessary  adjunct  even  to  a  small  cottage  is  a  larder 
of  sufficient  size  to  serve  the  double  purpose  of  larder  and  dairy — this,  as  well  as 
the  wash-house,  and  perhaps  the  scullery,  may  be  floored  with  bricks  or  tiles,  but 
always  on  a  substratum  of  concrete. 

There  are,  of  oouxse,  many  varieties  of  cottages  between  the  very  smallest,  which 
contain  but  four  rooms,  and  the  largest,  but  the  foregoing  remarks  apply  equally  to 
all,  the  diffisrence  being  chiefly  in  the  matter  of  size. 

There  is  no  class  of  house  which  stands  in  so  much  need  of  improvement,  both 
in  planning  and  construction,  as  the  small  suburban  six  or  eight-roomed  house. 
While  thoughtful  and  philanthropic  landowners  have  for  some  years  past  spared  no 
puns  to  render  the  homes  of  their  labourers  as  healthy  and  attractive  as  possible ; 
while,  under  the  intelligent  care  of  great  manufacturers,  towns  like  Saltaire  and 
Akrojrdon  have  been  built  with  every  appliance  possible  for  conducing  to  the  moral 
aod  physical  well-being  of  their  workpeople,  the  dweller  in  the  smaller  kind  of 
mborhan  villa^  whieh  is  really  but  a  step  removed  from  a  cottage,  is  entirely  at 
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the  mercy  of  the  speculating  builder.  Compelled  by  the  exigenoieB  of  his  occupa- 
tion to  live  within  a  certain  radius  ol  the  scene  of  his  daily  work,  and  limited  in 

his  choice  of  locality  by  considerations  of  cost,  the  hard-worked  city  clerk  has  no 
option  but  to  take  what  is  provided  for  him ;  go  where  he  will  he  finds  but  a 
repetition  of  the  same  thing  dressed  up  in  a  different  garb. 

In  the  class  of  house  now  under  consideration  there  is  practically  not  very  much 
scope  for  variation;  it  is  on  a  minute  attention  to  details  often  of  a  seemingly  trivial 
kind  that  success  in  planning  almost  entirely  depends ;  and  it  is  the  want  of  this 
attention,  and  the  utter  disregard  of  minutiae,  that  causes  the  endless  diaoomfoits 
experienced  by  the  unfortunate  tenants. 

The  problem  to  be  solved  is  briefly  this :  to  arrange  upon  a  parallelogram  of 

land  about  16  feet  wide  and^  about  100  feet  deep,  a  house  containing,  say  eight 
rooms,  with  the  necessary  adjuncts,  so  as  to  obtain  the  greatest  possible  space  at  the 
least  possible  cost  It  is  obvious  that  in  certain  points,  as,  for  instance,  the  position 
of  the  front  door  and  the  staircase,  there  is  no  scope  for  variation.  It  is  not, 
however,  necessary  that  when  the  front  door  is  shut  the  entrance  passage 

should  be  wrapped  in  semi-darkness,  nor  that  the  staircase  should  be  so  tortuous, 
steep,  and  dark,  as  to  render  its  ascent  and  descent  a  feat  of  difficulty  and  danger 
to  young  and  old.  In  the  question  of  aspect  too,  the  builder  is  necessarily  tied  by 
the  direction  of  the  road ;  it  does  not,  however,  follow  that  the  houses  on  the  north 
side  of  a  road  running  east  and  west^  must  or  ought  to  be  identical  in  every 
respect  with  tiiose  on  the  south  sida  Numberless  instances  could  be  adduced  of 
the  same  plan  being  repeated  on  both  sides  of  a  street,  with  the  result  that  on  one 
side  the  kitchens,  sculleries,  and  larders  have  monopolised  the  sunny  side  of  the 
houses ;  a  little  thought  and  a  departure  from  stereotyped  precedents  would  have 
obviated  such  an  absurd  arrangement  A  feature  of  some  difficulty  in  planning 

houses  of  this  small  type  is  the  best  position  for  the  water-cdoset.  Ordinarily  it 
is  placed  outside  the  house  at  the  extreme  rear,  and  this  for  purposes  of  drainage 
has  considerable  advantage&  This  arrangement  has,  however,  the  very  serious 

disadvantage  that  the  water-closet  is  approachable  only  through  the  open  air. 
The  best  position  on  the  whole  is  off  the  first  lauding  of  the  staircase. 

Perhaps  the  most  serious  defect  in  point  of  accommodation  in  these  houses  is 
the  utter  absence  of  all  cupboard  and  storage  room.  Frequentiy  two  miserable 

littie  closets,  one  on  either  side  of  the  fireplace  in  the  sitting-room,  and  a  few 
shallow  shelves  enclosed  with  a  door,  in  the  kitchen,  are  all  that  it  is  thought 

necessary  to  provide.  Of  course,  large  store-dosets  and  linen-rooms  are  out  of 
the  question,  indeed  would  be  out  of  place,  but  some  provision  ought  undoubtedly 
to  be  made,  not  only  for  the  storage  of  a  moderate  quantity  of  provisions  (groceries 

and  the  like)  and  linen,  but  also  for  boxes  and  the  inevitable  '4umber."  In 
most  cases  a  little  additional  strength  in  the  ceiling  joists  of  the  top  floor,  a  few 

rough  floor-boards,  and  a  step-ladder,  would,  at  a  very  small  additional  cost,  give 
the  requisite  storage-room  for  boxea 

The  kitchen  must  of  necessity  be  small ;  it  should  be  as  well  lighted  as  circum- 
stances will  permit^  and  the  common  plan  of  entering  the  garden  direct  from  the 

kitchen  should,  if  possible,  be  avoided.  Some  sort  of  scullery,  however  small,  must 
be  provided,  likewise  a  small  larder.  This  last  may  be  a  mere  cupboard  in  size,  but 
must  be  ventilated  into  the  outer  air,  and  the  ventilating  opening  must  not  be  in 
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close  proximity  either  to  the  irater-doaet  or  the  dust-bin  ;  both  faults  of  every- 
day occurrence; 
Ooming  now  to  a  somewhat  larger  class  of  bouse,  the  semi-detached  villa  of  a 

rental  of  £rom  £50  to  X65,  it  will  be  found  that  while  there  is  very  much  more 
scope  for  variation  in  planning,  the  amount  of  thought  and  ingenuity  usually 
bestowed  on  the  arrangement  is  still  at  a  minimum.  The  ordinaiy  plan  of  a  London 
suburban  house  of  this  class  is  as  follows :  In  a  half-sunk  basement  storey,  the  front 
room  is  a  sitting-room  or  breakfast-room,  and  the  back  room  is  the  kitchen.  Under 
the  steps  leading  to  the  front  door  is  a  small  cupboard  dignified  by  the  name  of 
larder,  and  the  coal-cellar,  whilst  in  the  area  immediately  under  the  larder  window 
is  the  dustrbin.  The  side  of  the  house  is  occupied  with  the  stabrcase  and  passage, 

into  which,  commanding  a  full  view  of  the  break&st-room,  the  tradesman's  entrance 
opens.  Under  the  stairs  is  a  dark  closet^  tenanted  by  a  miscellaneous  collection  of 
rubbish  and  cockroaches.  At  the  back  of  aU  is  a  small  dark  scullery,  from  the 

uncovered  bell-trap  of  whose  sink  the  foul  air  of  the  drain  uninterruptedly  ascends. 

Beyond  this  again  is  the  servants'  closet^  the  sole  means  of  ventilation  of  which  is 
the  door ;  of  means  of  lighting  there  are  none.  Ascending  the  stairs,  on  the  ground 
floor  will  be  found  dining-room  and  drawing-room,  probably  with  folding  doors 
between,  thus  rendering  them  for  all  practical  purposes  one  room,  and  a  smidl  third 
room.  Above,  on  the  first  floor,  are  two  bed-rooms  and  a  dressing-room ;  on  the 
second  floor  three  bed-rooms,  whilst  off  the  half  space  wiU  be  found  a  bath-room  and 
a  water-closetw 

The  practical  defects  of  this  plan  consist  first  in  the  arrangement  and  size  of  the 
sitting-rooms.  The  basement  room  is,  as  a  rule^  an  inconvenient  and  often  almost 
useless  apartment^  while  the  small  room  on  the  ground  floor,  right  enough  in  point 
of  position,  is,  in  point  of  size,  too  small  to  be  of  any  real  use. 

Again,  the  4wo  principal  sitting-rooms  are  not  of  sufficient  size  for  one  to  be  used 
independently  of  the  other,  and  too  laige  if  thrown  together  into  ona  The  remedy 
for  all  this  is  to  do  away  entirely  with  the  basement,  put  the  kitchen  and  scullery 
on  the  ground  floor,  and  increase  the  size  of  the  sitting-rooms. 

The  house  will  cover  more  ground,  but  the  increase  in  comfort  and  convenience, 
and  the  economy  of  labour  effected  by  abolishing  the  basement  and  placing  the 

kitchen  on  the  same  floor  as  the  sitting-rooms,  will  usually  more  than  compensate 
for  the  loss  of  space  in  the  garden. 

A  good  arrangement  for  such  a  house  as  is  now  being  discussed  would  be  as 

follows :  On  the  ground  floor  a  porch,  placed,  if  the  house  be  semi-detached,  at  the 
side,  would  give  access  to  the  entrance-hall.  The  porch  should  be  so  constructed 
that^  without  being  necessarily  very  deep,  it  should  afford  shelter  from  driving 
rain.  Frequently  tiie  height  of  the  lintel  is  so  great  that  the  porch  is  literally  no 
shelter  whatever ;  this  can  easily  be  remedied  by  forming  a  glass  screen  of  just 
sufficient  height  to  afford  clear  headway,  but  low  enough  to  afford  protection  from 
rain  to  persons  waiting  in  the  porch. 

Inside  the  entrance  on  one  side  would  be  the  dining-room,  on  the  other  the 
drawing-room  and  a  small  study ;  adjoining  the  dining-room  a  small  pantry  and 
store-room  might  be  arranged. 

At  the  back,  and  approached  by  a  passage  which  might  be  shut  off  by  a  door  from 

the  front  part  of  the  house,  would  be  the  kitchen  with  scullery,  larder,  and  servants' 



66  OUB  HOMtt. 

wateiMiloBet.  Upstairs,  on  the  first  floor  would  be  two  bed-rooms  and  a  dressing- 
room  in  the  main  portion  of  the  house,  and  a  small  bed-room  and  linen-closet  OTer 
the  kitchen.  On  the  second  floor  two  large  bed-rooms,  divisible  into  three,  if  re- 

quired, over  the  front  portion  of  the  house,  and  a  bath-room  over  the  back  portion. 

Half  way  up  the  first  flight  of  stairs  would  be  the  water-closet  and  housemaid's closet. 

The  success  of  such  a  house  depends,  however,  mainly  on  the  way  in  which 
apparently  unimportant  or  minor  details  are  worked  out  By  arranging  two 

fireplaces  together,  by  forming  a  recess,  here  for  a  sideboard,  there  for  a  peram- 
bulator, and  by  providing  cupboards  in  sufficient  number  and  of  ample  size,  a  smaU 

house  may  be  made  to  yield  as  much  accommodation  and  more  comfort  than 
a  considerably  larger  one,  the  arrangement  of  which  had  not  been  as  carefully 
studied. 

No  part  of  a  house  is  worthy  of  more  thought  and  care  in  designing  than  the 
staircase,  and  no  time  spent  in  working  out  the  details  will  be  thrown  away. 

As  an  instance  of  how  by  a  sunple  expedient  the  bed-rooms  on  the  top  floor  of  a 
small  house  may  be  veiy  materially  improved,  the  house  at  Telford  Park,  illustrated 
later  on,  may  be  cited.  By  starting  the  upper  flight  of  stairs  opposite  the  lower 
flight  instead  of  returning  them  in  the  usual  way,  the  back  room  is  very  greatly 
improved,  and  at  the  sacrifice  of  only  a  small  part  of  the  front  room.  Agedn,  it  is 
the  almost  invariable  rule  in  suburban  villas,  small  and  large,  to  arrange  the 
staircase  so  that  it  faces  the  front  door.  It  will,  however,  frequently  be  found  a 
far  more  convenient  plan  to  place  it  the  other  way ;  it  will  be  foimd  to  admit  of  the 
formation  of  a  recess  in  which  to  stand  a  perambulator,  or  for  hats  and  coats,  and 
also  of  an  inner  lobby. 

The  position  of  the  water-closets  la  often  a  matter  of  some  difficulty,  espedaUy 
in  the  smaller  classes  of  houses.  It  is  well-nigh  impossible  to  secure  that  amount 
of  privacy  which  is  desirable  when,  as  is  generally  the  case,  the  landing  of  the  stairs 
is  the  only  available  place  for  the  best  water-closet.  But  it  is  neither  neoessaxy 
nor  desirable  to  carry  the  soil-pipe  down  one  comer  of  the  drawing-room  in  such  a 
manner  that  every  time  the  contents  of  the  basin  are  discharged  the  sound  of  water 
rushing  down  the  pipe  la  distinctly  audible  in  that  apartment. 

The  servants'  water-closet  may,  as  a  rule,  be  placed  outside ;  the  minor  inoon- 
veniences  of  having  at  times  to  approach  it  through  the  rain  is  more  than  counter- 

balanced by  the  decided  advantage  of  atmospheric  connection  between  it  and  the 
kitchen  being  effectually  cut  off 

A  pantry,  however  small,  is  an  adjunct  of  the  greatest  value  to  a  house.  In  the 

lai*ger  kinds  of  houses  it  may  be  enlarged  so  as  to  serve  both  for  diina  and  glass 
and  as  a  store-room  for  the  mistress  of  the  house.  Its  place  should  be  within  a 
conrenient  distance  of  the  dining-room,  and  always  on  the  same  floor.  When  the 
laiger  kinds  of  houses  above  the  ordinary  suburban  villa  type  is  reached,  the  pantry, 
of  course,  becomes  d.  comparatively  large  apartment^  and  there  will,  moreover,  be  two 
in  place  of  one ;  this  arrangement  will  be  described  more  in  detail  later  on. 

In  details  of  construction  the  faults  of  the  ordinary  speculating  builder's  house 
are  many  and  glaring.  Thin  walls  built  of  soft  perishable  bricks,  weak  floors 
formed  often  of  timbers  bearing  within  them  the  seeds  of  decay,  partitions  of  wood 
and  plaster,  designed  apparently  for  the  express  purpose  of  conveying  sound  from 

i 
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one  room  to  anoiher,  are  a  few  of  the  moet  salient  errors  prevalent  in  the  average 
suburban  villa.  Perhaps  the  one  of  these  most  conducive  to  discomfort  is  the  last 
The  thin  uprights  of  wood  cased  over  with  lath  and  plaster  which  do  duty  as 
pardtions  afford  scarcely  more  privacy  than  the  paper  walls  of  a  Japanese  house. 
It  would  be  well  if  a  rule  existed,  that  where  timber  partitions  are  used  the  inter, 
slices  should  be  fOled  in  with  some  non-conducting  material  A  more  serious  defect 
LB  the  almost  invariable  difficulty  which,  on  aocoimt  of  the  mode  of  construction 
usually  adopted,  is  experienced  in  keeping  the  uppermost  rooms  warm  in  winter  and 
cod  in  summer.  The  sole  protection  interposed  between  the  rooms  and  the  outer 
air  is  the  ceiling  and  the  slates.  The  formation  of  a  box-room  in  the  roof,  as 
suggested  abov^  would  tend  to  improve  matters,  but  no  roof  can  be  considered 
satisfactory  that  is  not  boarded  and  felted  under  the  slatea  It  is  all  the  more 
neeessary  to  insist  upon  this,  because  it  will  frequently  be  foimd  that  the  waUs 
of  the  upper  floor  are  only  two-thirds  of  the  thickness  of  the  walls  below. 

The  finishings  of  a  house,  cornices,  door-furniture,  bells  and  bell-pulls,  mantel- 
pieoes,  stoves,  gas-pipes,  and  so  forth,  all  need  care  and  judgment  in  selection.  The 
cornices  and  centre  flowers,  so  beloved  of  speculating  builders,  are  generaUy  heavy, 

tastdesB,  and  inappropriate.  A  simple  and  well-designed  cornice  without  '*  enrich- 

ments," and  a  few  delicate  mouldings  running  across  the  ceiling  and  dividing  it  up  into 
panels,  axe  far  more  effective  means  of  decorating  a  ceiling  and  making  it  possible 
to  obtain  an  harmonious  effect  between  ceiling  and  walls  than  the  ordinary  methods. 
A  further  advantage  is  that  with  an  arrangement  of  the  kind  suggested  the  gas-pipe 
can  be  made  to  form  part  of  the  ceiling  decoration  and  be  painted  so  as  to  appear 
to  be  part  of  the  mouldingSL  The  advantage  of  this  over  the  common  practice 
of  burying  the  gas-pipe  between  the  floor-boards  and  the  ceiling  is  obvious. 

To  go  into  such  matters  as  chimney-pieces  and  stoves  would  be  trenching  upon 
topics  that  will  be  dealt  with  hereafter ;  it  may,  however,  not  be  amiss  to  point  out 
here  how  very  necessary  it  is  that  the  greatest  care  should  be  exercised  in  the 
setting  of  stoves  of  all  kinda  There  is  no  more  frequent  cause  of  fires  in  dwelling- 
houses  than  the  defective  setting  of  a  stova  An  instance  may  be  given  which, 
had  it  occurred  in  an  ordinary  suburban  villa,  would  have  infallibly  resulted  in  the 
destruction  of  the  greater  part  of  the  premisea  In  a  house  in  London,  occupied 
entirely  as  offices,  the  occupants  of  the  first  and  second  floors  were  continually 
troubled  with  smoke,  which  appeared  to  come,  not  down  the  chimneys,  but  from 
erezy  crevice  and  cranny  in  the  old  panelled  walla  The  nuisance  grew  worse,  and 
in  Older  to  find  out  if  possible  the  cause,  the  whole  of  the  panelling  on  the  second 
floor  was  removed,  when  it  appeared  that  the  smoke  first  became  visible  from 
a  comer  of  the  ceiling  next  the  wall  which  carried  the  chimneya  On  taking  up  the 
boards  of  the  floor  above,  the  joists  were  found  to  be  blackened  and  slightly  charred, 
and  the  cause  of  the  evil  was  thus  traced  to  the  back  of  the  grate.  On  this  being 
taken  out  it  was  discovered  that  the  back  was  quite  hollow  and  open  to  the  timbers. 
In  course  of  time  the  thin  back  of  the  grate  had  been  partly  worn  away,  and  finally, 
by  the  aid  of  the  poker,  actually  pushed  into  the  hollow  space  behind.  live  coals 
fdlowed,  and  the  only  thing  that  prevented  the  outbreak  of  fire  was  the  fact 
that  tlie  floor  was  pugged  with  a  solid  mass  of  lime  and  hair,  which  had  been 
60  weQ  prepared  that  it  had  set  as  hard  as  cement  The  live  coals  fell,  of  course, 
on  this  pugging,  and^  in  the  absence  of  draught,  burnt  out  without  doing  any  further 
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damage  than  charring  the  joists  and  floor-boards,  and  flooding  two  storeys  with 
sinoka 

Hitherto  the  smaller  classes  of  houses  have  alone  been  discussed.  It  is  necesssTy 

to  refer  briefly  to  the  various  larger  kinds  of  houses,  but  inasmuch  as  they  are 
generally  designed  to  suit  special  needs  and  special  circumstances,  and  moreover 
have,  as  a  rule,  the  advantage  of  professional  skiU  and  design  in  their  conception 
and  supervision  in  their  erection,  there  is  not,  perhaps,  the  same  necessity  for 
pointing  out  prevalent  errors  in  planning  and  construction. 

The  same  general  principles,  nevertheless,  apply  to  all  houses  alike,  and  no  one 
who  has  had  experience  of  house-building  will  fail  to  recognise  the  l^t  that  no 
amount  of  altering,  however  skilful  and  ingenious,  will  compensate  for  grave  errors 
of  judgment  in  the  original  design  of  a  house. 

Dwelling-houses  of  a  more  extensive  character  include  two  distinct  sets  of 

apartments — ^the  family  rooms  and  the  servants'  rooms — and  these  again,  in 
large  mansions,  are  subdivided — the  flrst  class  into  visitors'  rooms,  family  rooms, 
and  the  nursery  suite ;  the  second  into  male  servants'  and  female  servants'  sets. 
The  perfection  of  planning  is  to  arrange  all  the  various  rooms  required  com- 

pactly, and,  at  the  same  time,  to  give  the  requisite  isolation  to  each  room  and 
to  each  suite  of  rooms,  and  with  the  least  possible  expenditure  of  space  in 

passages. 
Formerly  in  England,  and  at  the  present  day  in  many  parts  of  the  Continent,  it 

was  only  considered  necessary  to  provide  a  suite  of  rooms  opening  one  into  the  other, 
with  no  external  passage  of  communication.  This  arrangement  no  longer  suits  our 

ideas.  We  must  have  fi'ee  and  independent  access  to  every  room  without  passing 
through  another,  and  doors  leading  from  one  room  directly  to  another  are  the  exception. 

The  servants'  part  of  the  house  must  also  be  shut  off  from,  the  reception-rooms,  but 
this  must  be  done  with  due  regard  to  the  distance  between  the  dining-room  and  the 

kitchen.  And  in  the  servants'  offices  the  same  rule  must  be  observed  of  not  making 
one  room  a  passage  to  another.  Thus  the  butler  must  not  have  to  pass  through  the 
kitchen  in  order  to  reach  his  pantry.  Neither  must  the  housemaid  have  to  go 

through  the  butler's  pantry  to  get  to  the  china-closet  Again,  convenience  of  service 
must  be  studied  in  the  arrangement  of  such  details  as  housemaid's  closets  and  sinks, 
hot  and  cold  water  taps,  coal-stores,  water-closets,  bath-rooms,  and  the  like.  Every 
house  nowadays — at  least,  in  London  and  the  suburbs— of  a  rental  of  £45  or  £50  and 
upwards  must  have  its  bath-room,  with  hot  and  cold  water  laid  on.  So  also,  in  large 
country  mansions,  two,  three,  or  more  bath-rooms  m\ist  be  provided.  And  all  these 
appliances  must  be  arranged  in  the  simplest  and  most  obvious  manner  possible, 
not  stuck  on  here  and  there  as  they  may  happen  to  be  wanted.  Nothing  is  easier 

than  to  make  a  house  all  comers,  with  bath-room  here  and  a  dressing-room  or  a 
boudoir  there,  in  the  place  where  they  are  least  expected  or  wanted.  Good  planning 
demands  care  and  application,  but  the  result  will,  in  the  end,  repay  the  time  spent 

in  working  out  the  details.  "In  perfect  planning  expedients  should  never  be 
obvious — ^no  steps  down  into  rooms,  no  comers  cut  out  of  apartments,  leaving  them 

an  irr^ular  shape,  to  form  closets  or  give  headway  for  stairs."*  The  parts  must  fit 
into  their  places  like  the  pieces  of  a  Chinese  puzzle,  and  the  result  will  be  a  unity 

of  design,  obtained,  apparently,  by  the  simplest  possible  mean&      '<To  produce 
*  "Hoiue  Architeoture,"  J.  J.  Stephenson,  Vol.  11.,  p^  49. 
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amplkity  out  of  a  number  of  complicated  requirements  is  the  last  effort  of  ai*t — the 
ifft  w^uc^  conceals  the  art"  * 

The  arraogement  and  distribution  of  light  are  important  items  in  house-planning. 

^  lA^t  (God's  eldest  daughter)  is  a  principal  beauty  in  a  building,  yet  it  shines  not 
aHke  from  all  parts  of  the  heavens.  An  east  window  gives  the  infant  beams  of  the 
son  before  they  are  of  strength  to  do  harm^  and  is  offensive  to  none  but  a  sluggaid. 
A  south  window  in  summer  is  a  chimney  with  a  fixe  in  it^  and  stands  in  need  to  be 
scareened  by  a  curtain.  In  a  west  window  the  sun  grows  low  and  over  ̂ miliar 
towards  night  in  summer-time,  and  with  more  light  than  delight  A  north  window 
is  best  for  batteries  and  ceUaxSy  where  the  beer  will  be  sour,  because  the  sun  shines 

upon  it"  t  light  should  be  everywhere.  A  dark  comer  means  dirt,  and  where  the 
lig^t  does  not  penetrate,  there,  as  a  rule,  the  air  does  not  circulate.  Borrowed  lights 
sfaoold  be  avoided,  and  a  passage  dark  enough  to  require  the  aid  of  artificial  light  in 
the  day-time  is  a  thing  not  to  be  tolerated. 

Ventilation  and  warmth  are  matters  which  are  greatly  affected  by  the  plan  of  a 
honse.  Without  trespassing  on  the  subjects  treated  of  in  the  sections  under  these 
beads^  it  may  be  pointed  out  that  the  plan  should  assist  both  the  ventilation  and 
the  warming  of  the  house  by  avoiding  draughts  and  places  where  the  air  is  liable 

to  stagnate^  and  by  grouping  the  smoke-flues  in  such  a  manner  that  they  will 
add  to  the  warmth  of  the  house,  instead  of  radiating  their  heat  to  the  outer  air. 

And  lastly,  good  planning^  though  it  must  never  be  subservient  to,  yet  must 
always  be  accompanied  by  good  architectura  To  clothe  the  most  admirably- 
arranged  house  with  an  exterior  like  a  workhouse  or  a  banack  of  forty  years  since, 
is  an  outrage  on  good  taste  and  an  insult  to  society.  To  plant  a  hideous 
square  box  of  a  house  with  rectangular  holes  for  windows  and  not  one  single  line  of 
beauty  or  grace  in  the  whole,  in  the  midst  of  a  lovely  countiy  side,  is  a  deed  which 
cannot  be  defended  on  any  grounds  whatever. 

*  "Hoaae  Arebitoetare,"  J.  J.  StepheoMm,  Vol  II.,  p.  60. 
f  "  The  Holy  State  "  (01i»pter  VII.,  "  of  Bmldxng  "),  by  ThoniM  Fuller,  D.D^  1642. 
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CHAPTER    VI. 

BCBVANTC'  OFTIOIfl. 

Some  IioUtion  detirable  In  Senn&ti'  Offlcet—KitcheiM— Influence  of  Variotu  Floon  upon  Vermin^ 
Kitchen  FomitiiTe  and  Flttlnge— The  Sonllery— Lwden— Pintriee— SerfUkti'  HaU-  Honaelceeper^ 
Boom — Cellan — Lanndiy— Stone. 

In  tlie  small  eight  or  ten-roomed  Tilla  the  servants'  offices  consist  solely  of  a 
kitchen  and  scullery,  with  perhaps  a  small  pantry.  The  space  available  being 
necessarily  small,  it  is  the  more  necessary  so  to  arrange  it  that  every  inch  shall  he 
utilised.  It  is  even  permissible  to  encroach  upon  the  limited  dimensions  of  the 
scullery  in  order  to  give  more  space  in  the  kitchen ;  but  care  must  be  taken  so  to 
arrange  the  scullery  that  every  comer  of  it  is  well  lighted 

In  houses  of  sufficient  mxe  to  permit -such  an  arrangement,  the  servants'  depart- 
ment should  undoubtedly  be,  to  a  certain  extent,  isolated  from  the  rest  of  the  house, 

though,  for  obvious  reasons,  not  in  the  sense  of  placing  them  in  a  separate  house. 
This  is  requisite,  not  only  for  the  comfort  and  oonvenience  of  the  family,  but  also 

for  that  of  the  servants ;  for  in  a  properly-disciplined  household  no  harm  results 
from  according  to  the  servants  a  fair  amount  of  privacy  in  their  department.     In 

a  town  house  this  end  is  invariably  attained  by  placing .  the  whole  of  the  servants' 
offices  in  the  basement.     In  country  houses,  the  available  extent  of  the  site  being 

ordinarily  much  greater  than  in  town,  the  servants'  offices  should  be  at  or  above  the 
ground-level,  and  should  look  on  to  a  kitchen  yard,  or  garden,  if  there  is  one ;  but 
in  no  case  would  it  be  convenient  for  them  to  overlook  the  private  garden. 
Between  the  villa  residence  of  modest  dimensions,  where  the  number  of  servants  is 
three,  four,  or  perhaps  six,  to  the  countiy  mansion,  where  aooommodation  has  to  be 
provided  for  butler,  housekeeper,  footman,  valet^  cook,  kitchenmaid,  housemaids, 

laundrymaids,  and  ladies'  maids,  besides  rooms  available  for  visitors'  servants,  there 
are  many  gradation&     But  the  leading  principle  of  providing  the  different  depart- 

ments with  the  necessary  facilities  for  the  work  to  be  done  in  each,  without 
trenching  upon  the  other  departments,  prevails  alike  in  alL 

Tlie  Kitchen. — ^This  most  important  apartment  must^  before  all  things,  be  well 
lighted  and  well  ventilated.     The  importance  of  good  ventilation  to  a  kitchen  is 

obvious.     Without  it  the  smell  of  cooking — ^which  must  escape  somewhere — will 
inevitably  find  its  way  into  the  living-rooms,  and  pervade,  to  a  greater  or  less  degree, 
the  whole  of  the  housa     Good  ventilation  is  also  very  necessary  as  a  means  of 
counteracting  the  excessive  heat  of  the  cooking  apparatus.     Where  the  kitchen  is 

a  one-storey  building,  the  best  arrangement  both  for  lighting  and  ventilation  is  by 
the  root     A  good  lantern-light^  with  at  least  half  the  lights  made  to  open,  and 
with   outside  blinds  on   the   south  and  west  sides,   is    the  most    effectual   kind 

of  roof-light  that  can  be  had.     Where  a  top-light  is  not  to  be  had,  the  kitchen 
should  be  so  arranged  that  it  can  be  lighted  entirely  firom  the  north  or  north-east 
the  windows  taken  close  up  to  the  ceiling,  and  means  provided,  by  air-bricks 
or  other  appliances,   for  inducing  a  current  of  air  through  the   room    both  a^ 
the  ceiling  and  floor  levels     In  town  houses,  probably  the  best  position  for  the 

k 
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kite\ic9i  is  at  ibe  top  of  the  bousa  Thii,  however,  entails  a  rather  elaborate  system 
of  lifta,  speaking-tubes,  and  other  applianoes,  and  is  only  applicable  to  houses  of  the 
larger  clasB. 

When  the  kitchen  is  on  the  same  floor  as  the  dining-room  it  should  be  as  near  to 
that  apartment  as  possible,  without  actually  adjoining  it^  so  as  to  economise  labour 
in  carrying  the  food,  and  also  to  prevent  the  too  rapid  cooling  of  hot  viands  in 
transitu 

Ilie  size  of  the  kitchen  must  necessarily  vary  with  the  size  and  requirements  of 
the  house  to  which  it  belongs.  A  kitchen  20  x  20  is  ample  for  the  requirements  of 
a  large  establishment.  Anything  beyond  this  is  more  or  less  inconvenient,  and 

therefore  wasted  space.  When  it  is  remembered  how  small  is  the  ''galley,"  or 
cook-house  on  board  one  of  the  Peninsular  and  Oriental  Company's  steamers,  and 
some  of  the  best  Transatlantic  vessels,  and  what  a  vast  number  of  persons  have  to 
be  served  from  it,  and,  moreover,  what  elaborate  dinners  are  placed  before  the 
passengers,  it  will  be  seen  that  the  size  of  a  kitchen  for  an  ordinary  house  need 
not  necessarily  be  very  extensive.  Nevertheless,  a  small  kitchen  is  not  to  be 
recommended ;  and,  for  a  large  establishment,  a  certain  amount  of  space,  beyond  that 
which  would  suffice  on  board  ship,  is  absolutely  requisite.  In  houses  where  the 

kitchen  has  to  serve  also  as  servants'  hall,  the  size  must  be  proportionately  greater 
than  where  it  is  used  solely  for  cooking  purposes.  As  a  rule  kitchens  in  small 

houses  are  inconveniently  small,  being,  in  truth,  sacrificed  to  the  living-room&  A 
room  which  is  the  only  sitting  and  eating  room  for  two,  three,  or  four  persons,  and 
where  a  fire^  often  a  large  one,  is  constantly  burning  for  the  greater  part  of  tlie 
day,  both  in  summer  and  winter,  ought  surely  to  be  as  large,  or  nearly  so,  as 

the  dining-room.  Yet  the  space  thought  sufficient  by  most  speculating  builders  is 
frequently  only  about  one-half  that  of  the  dining-room. 

The  kind  of  floor  best  adapted  for  kitchens  is  Portland  cement     Where,  how- 
ever, the  kitchen  is  used  as  a  living-room,  part  of   the   floor  is,   for  the  sake  of 

comfort^  usually  boarded.     It  is,  however,  almost  impossible,  with  a  boarded  floor, 
to  keep  a  kitchen  free  from  vermin.     The  heat  of  the  kitchen  range  seems  to 

encourage  the  growth  of  black-beetles  and  crickets,  and,  with  a  wooden  floor,  every 
facility  is  afforded  them  to  overrun  the  place.     Probably  the  only  way  of   pre- 

venting the  evil  is  to  have  an  absolutely  impervious  floor.     A  well-laid  concrete 
floor,  faced  with  Portland  cement,  or  asphalte,  is  at  once  impervious  and  economical. 

The  large  red  tiles,  so  often  seen  in  fium-house  kitchens,  laid  on  a  solid  bed  of 
•  x>ncrete,  make  as  good  a  floor  as  can  be  desired  both  for  appearance  and  wear. 
Where  a  wooden  floor  is  desirable,  the  wood-block  paving,  described  in  a  later  chapter, 
may  be  used,  as,  from  the  solid  manner  of  its  construction,  it  affords  no  harbour 
to  Termin,  and  at  the  same  time  it  is  warmer  than  cement  or  tiles.     The  walls 

alao  should  be  covered  with  some  impervious  material     The  best  possible  wall- 
CGTeiing  is  the  ordinary  glazed  tile.     With  a  simple-coloured  border  nothing  can 
be  more  cheerful  and  clean  in  its  appearance.     The  same  effect  can  be  obtained 
&t  a  somewhat  less  cost  by  building  the  enclosing  wall  with  glazed  bricks.     The 

ftpp^ranoe  is  not  quite  so  satis&ctory  as  that  of  the  tiles,  but  the  work  has  the 

a^Tsntage  of   being  more  solid.      Where  the    contemplated  outlay    would  not 

vanaat  the  expenditure  involved  by  the  use  of  either  of  these  materials,  a  hard 

imparvioas  facA  can  be  given  to  the  walls  by  using  Parian  or  Keenc's  cement, 
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or  by  selenitic  plaster  with  a  selenitic  day  finish.  The  selenitic  process  is  as  cheap, 
if  not  cheaper,  than  ordinary  plaster,  but  requires  care  in  mixing  and  measuriug 

the  ingredients.  The  prejudice  which  exists  among  builders  against  any  de- 
parture from  time-honoured  mle-of-thumb  processes  will  probably  prevent  the 

use  of  selenitic  cement  in  specnlatiye  building  for  some  time  to  come.  Kitchec 
walls  finished  with  the  ordinary  plastered  sur£eM)e  should  have  the  lowor  part 
painted  and  varnished  to  a  height  of  about  five  feet  from  the  floor.  The  upper  part 
of  the  walls  and  the  ceiling  should  be  lime-whitened  or  distempered. 

The  fittings  necessary  for  a  kitchen  will  vary  according  to  the  size  of  the  house 
and  the  amount  of  cooking  required.  The  most  important  fitting  is,  of  course, 
the  range.  So  many  different  kinds  of  cooking  stoves  of  such  diverse  patterns 
and  sizes  are  now  to  be  had,  that  it  would  be  impossible  here  to  describe  them  all,  and 
to  single  out  one  or  two  where  so  many  are  really  efficient  would  be  invidious,  as  well 

as  misleading.  The  old-fashioned  open  range,  with  its  immense  fire-bars,  has  been 
of  late  years  much  discarded  for  the  sake  of  close  stoves,  or  kitcheners,  which  have 

the  mini'mnm  of  firo-spaoe.  Both  have  their  advantages  and  their  disadvantaga^^. 
A  close  stove  may  be  more  economical  in  point  of  consumption  of  fuel  than  an  open 
one,  provided  it  is  managed  with  skill  and  knowledge,  but  in  ignorant  and  careless 
hands  it  is  an  insatiable  furnace.  Close  stoves  have  also  the  disadvantage  of 
making  the  kitchen  very  hot>  and  unless  proper  precaution  is  taken  with  the 
setting,  they  are  apt^  when  fixed  in  party  or  internal  walls,  to  be  somewhat 
dangerous. 

Some  of  the  American  and  other  stoves,  which  stand  on  legs  independently  of 
any  brickwork,  and  require  no  setting  whatever,  are  both  efficient  and  economic&L 

In  kitchens  of  large  mansions  the  range  is  usually  a  formidable  piece  of 
machinery.  The  dose  stove  is  inapplicable  here,  as  a  large  surface  of  fire  will  be 
required  for  roasting  several  joints  at  one  time.  In  addition  to  the  range,  boiler? 

for  steaming  vegetables,  bain-maries,  and  hot-plates  will  be  required.  In  front  of 
the  fireplace  a  roasting-screen  is  placed,  and  the  meat-jack  is  often  fixed  in  the 
chimney  and  turned  by  the  upward  current  in  the  chimney,  hence  called  smoke-jack. 

Where  such  an  elaborate  array  of  apparatus  is  not  required,  it  will  be  useful  to 
provide  a  gas  stove  at  the  side  of  the  range  as  an  occasional  auxiliary  thereto. 
Qas,  however,  is  not  to  be  recommended  as  a  fuel  for  constant  use,  it  being  at 
present  more  costly  than  coaL  The  only  advantage  it  possesses  is  that  of  being 

lighted  and  put  out  quickly.  A  good-sized  coal-bunk  should  always  be  provided 
somewhere  in  the  kitchen.  When  a  kitchen  is  lighted  by  gas,  it  is  always  useful 
to  have  a  jet  fixed  on  one  side  of  the  range,  and  which  can  be  turned  on,  so  as  to 
illuminate  the  whole  of  the  recess  in  which  the  range  stands. 

The  furniture  of  the  kitchen  should  be  strong  and  dean  in  appearanca  Deal 
ia  perhaps  the  best  wood  for  the  dresser  and  tabla  Many  old  dressers  are  to  be 

seen  in  farm-houses  of  ancient  date  made  of  oak,  and  really  handsome  pieces  of 
fnmitura  The  dresser,  or  dressers  (there  frequently  being  more  than  one), 
consists  of  a  broad  open  shelf,  with  drawers  underneath  for  keeping  various 
articles  used  in  cooking,  supported  on  strong  framework,  with  a  board  about 
six  inches  from  the  floor  on  which  to  stand  saucepans  and  other  metal 
vessela  The  upper  part  contains  tiers  of  shaUow  shdves,  on  which  the  plates 
and  dishes  in  daily  use  are  placed*     The   table  should  be  a  plain  and  strong 
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piece  of  fumitiire,  and  has  usually  a  drawer  at  each  end.  The  fewer  drawers  there 
are  in  a  kitchen  the  better,  as  thej  are  apt  to  lead  to  untidiness  and  accumnlation 
of  dirt  One  good  cupboard,  placed  in  as  light  a  position  as  possible,  should  furnish 

all  the  storage-room  required  in  the  kitchen  by  the  cook.  A  serving-hatch  from 
the  kitcheu  to  the  corridor  or  lobby  leading  to  the  dining-room  is  a  convenient 
arrangement^  as  it  both  shortens  the  distance  between  the  two  rooms  and  lessens 
the  traffic  in  the  kitchen. 

In  country  houses,  where  the  bread-making  of  the  establishment  is  done  on  the 
premises,  it  is  best  to  have  a  separate  bakehouse  with  a  brick  oven.  If,  however, 
this  cannot  be  arranged,  an  iron  oven  should  be  contrived  underneath  or  at  the 

side  of  the  cooking-range.  In  either  case  a  separate  dresser  with  kneading-trough 
beromes  a  necessity.  A  separate  room  for  pastry-making  is  also,  in  large  estab- 

lishments, frequently  provided,  the  temperature  of  a  large  kitchen  in  which  several 
cooking  apparatuses  are  simultaneously  at  work  being  too  high  for  manipulating 
pastry  successfully. 

The  SeuUery  must  be  in  immediate  communication  with  the  kitchen,  and  should 

he  a  good-s]2ed  light  room,  not  a  narrow,  ill-lighted  passage  from  the  kitchen,  as  is 
often  the  case.  The  principal  use  to  which  the  scullery  is  devoted  is  suggested  by 
the  name,  which  is  probably  derived  from  an  old  Danish  word  meaning  shell  or  cup. 
Hence,  also,  scullion,  an  office  which  existed  long  before  a  separate  room  was 

provided  for  his  use,*  and  whose  principal  function  was  the  washing  of  cups. 
Besides  the  cleansing  of  plates  and  dishes,  and  of  the  various  utensils  used  in 
cooking,  the  scullery  ordinarily  is  the  proper  place  for  cleaning  and  preparing  fish, 
vegetables,  Ac,  and  generally  for  processes  in  connection  with  cooking  which  entail 
dirt  or  litter,  and  should  therefore  be  kept  out  of  the  kitchen.  The  walla  and  floor 
of  the  scullery,  like  those  of  the  kitchen,  should  be  formed  of  one  or  other  of  the 
im])ervious  materials  described  above,  the  great  object  to  be  aimed  at  in  both  cases 
being  a  washable  surface.  The  scullery  must  be  amply  liglitoJ,  and  in  front  of 
the  windows  should  be  fixed  the  sinks.  Where  the  use  of  glazed  bricks  or  tiles 
over  the  whole  wall  surface  is  impossible  on  the  score  of  cost,  the  walls  at  the  back 
of  the  sinks  should  be  lined  with  white  glazed  tiles.  Three  or  four  courses  of  tiles 
the  whole  width  of  the  sink  will  suffice,  and  the  small  extra  cost  involved  would 
be  amply  recompensed  by  the  additional  cleanliness  gained.  Where  space  would 
I«rmit,  there  should  be  at  least  two  sinks^-one  for  vegetables,  the  other  for 
plates  and  dishes,  with  a  draining-board  at  the  side  over  which  the  plate-rack 
Kbould  be  fixed.  It  is  convenient  to  have  in  the  scullery  a  small  cooking-range, 
to  do  dnty  both  as  an  auxiliary  to  the  kitchen  range,  and  also  when  the  latter  is 
usdergoing  repair,  or  when  only  a  small  amount  of  cooking  is  required,  as  during 
the  absence  of  the  family.  In  small  houses  the  scullery  is  usually  the  washhouse, 
and  contains  a  washing-copper.  Care  should  always  be  taken  that  the  copper  has 
an  indq)endent  flue. 

In  large  houses  it  is  convenient  to  provide  a  knife-house,  or  place  for  cleaning 
bives,  in  immediate  connection  with  the  scullery,  but  in  small  houses  this  operation 
»  usually  performed  in  the  scullery. 

*  PtobdUy  one  of  the  earliest  ixuitanoes  of  the  obo  of  the  term  is  in  one  of  the  Liberate  Rolls  of 

^  HeBiy  IE.     The  King*s  Bailiff  at  Kennington  (then  a  royal  house)  is  there  ordered  to  make 
"one  Kaight  8  chamber  and  a  scullery  "  (iqnieleriiim). 8 



74  CUB  H01CB& 

Within  easy  distance  of  the  scullery  the  fuel-store  should  be  placed.  There 
should  be  separate  places  for  storing  coal,  coke,  and  wood.  The  wood-store  ought 
to  be  large  enough  to  allow  room  for  chopping.  The  most  common  arrangement 

of  coal-store  is  to  provide  cellars  for  the  purposa  In  towns,  this  is  doubtless 
unavoidable,  owing  to  the  limited  area  available,  but  in  suburban  villas  and 
country  houses,  where  the  site  is  large,  it  is  better  to  form  an  outhouse  for  coalS) 
so  as  to  save  the  labour  of  raising  them  from  a  basement  or  cellar.  If  an 
outhouse  be  provided  for  the  coals,  it  is  convenient  to  arrange  it  so  that  they 
can  be  thrown  in  from  an  opening  near  the  top.  The  waggon  may  be  drawn  up 

near  the  opening,  or  an  inclined  plank  may  be  kept  for  the  purpose.  The  coal- 
stores  should  ordinarily  provide  for  the  separate  keeping  of  two  sorts  of  coal,  as  it  is 

rare  that  the  coal  used  in  the  ordinary  fire-grates  is  well  adapted  for  use  in  the 
cooking-range. 

Where  it  is  possible,  the  scullery  and  kitchen  should  both  communicate  with 

a  passage  giving  access  to  the  servants'  closet.  In  small  houses,  however, 
this  is  often  impracticable,  and  the  servants'  closet  has  to  be  reached  through  the 
sculleiy.  In  this  case  the  door  of  the  closet  should  be  outside  the  scullery,  and 
the  access  thereto  protected  by  a  pent  roof.  Of  course,  where  both  male  and 

female  servants  are  employed,  there  will  be  a  water-closet  for  each  sex,  with 
separate  access  to  each. 

Tlie  Larders, — The  name  larder,  whidi  has  come  to  be  applied  to  a  store  for 
all  kinds  of  food,  cooked  and  uncooked,  was  originally  applied  to  the  place  where 
meat^  which  had  previously  been  salted  down,  was  put  away  in  jars,  and  covered 
over  with  lard.  The  increased  facilities  for  transport,  and  other  causes,  have,  bv 
bringing  within  reach  of  all  large  supplies  of  fresh  meat,  obviated  the  necessity  for 
salting  down  provisions  for  winter  consumption. 

The  larder  must,  before  all  things,  be  cool  and  of  an  even  temperatura  A 
north  aspect  is  indispensable.  It  must  also  be  diy :  ample  ventilation  must 
therefore  be  provided.  The  windows  should  be  filled  with  wire  gauze  in  place  of 
glass,  and,  if  possible,  through  ventilation  should  be  provided.  It  will  also  l>e 
useful  to  provide  an  inner  casement  of  glass  for  use  in  very  severe  weather.  The 
walls  should  be  lined  with  glazed  tiles  or  bricks,  marble  or  enamelled  slate  ;  and 
the  ceiling  should  be  of  concrete,  brought  to  a  hard  polished  surface  with  Parian  or 

Keene's  cement.  Tiles,  marble,  bricks,  slate  slabs,  or  concrete,  are  all  suitable 
materials  for  the  floor.  Shelves,  either  of  marble  or  enamelled  slate,  and  hooks 

depending  from  the  ceiling  for  hanging  joints  or  game  must  be  provided.  It  will 

generally  be  found  that^  except  in  large  establishments,  one  good-sized  general 
larder  will  suffice.  Separate  larders  for  meat,  game,  and  fish,  however,  are 

sometimes  required ;  but  care  should  be  taken  not  to  multiply  store-places  of  this 
kind  unnecessarily,  and  also  to  arrange  them  in  as  compact  a  manner  as  possible. 

The  Pantries, — The  pantry  (from  panis,  bread),  formerly  a  room  where  breac| 
and  other  provisions  were  kept,  has  now  come  to  mean  the  apartment  occupied 
by  the  butler  or  housemaid  for  cleaning  and  storing  silver  and  glass.  In  large 
establishments  the  butler  has  charge  of  the  silver,  glass,  cutlery,  and  all  the  chin^ 

except  the  plates  and  dishes  ;  and  proper  appliances  in  the  shape  of  sink,  drain iu|^ 
board,  and  hot  and  cold  water  service  must  be  provided  for  the  due  cleansing  o| 
the  various  articles  in  his  custody.     A  usual  and  convenient  arrangement  for  li 

i 
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pantry  is  to  place  the  sink,  &Cj  in  front  of  the  window,  and  the  closets  for  china, 
glass,  &c,  against  the  opposite  walL  Where  there  la  a  large  stock  of  valuable 
silver,  a  fireproof  safe  is  commonly  provided  for  keeping  it  in;  and  where  the 

pantiy  is  on  the  ground-level,  not  in  the  basement,  the  butler's  bed-room  should 
be  in  immediate  communicatioiL  In  all  but  the  smallest  class  of  houses  there 

should  be  some  kind. of  pantry ;  even  a  fair-sized  chinarcloset,  with  a  small  sink, 
will  be  better  than  none  at  alL  The  proper  methods  to  be  observed  in  getting 
rid  of  the  waste  water  from  this  and  the  scullery  sinks  will  be  found  in  the 
section  on  drainaga 

Servants*  HaU, — ^The  size  of  this  room  will  vary  with  the  number  of  servants 
to  be  accommodated.  It  should  have  a  cheerful  aspect,  and  be  well  lighted, 
warmed,  and  ventilated.  It  should  be  placed  within  easy  access  of  the  entrance- 

kdl,  and  also  close  to  the  sen'ants'  entrance,  so  that,  it  may  be  used  as  a  waiting- 
room  when  occasion  demands.  The  windows  should  bo  so  contrived  that,  while  they 
should  not  oyerlook  the  private  grounds,  they  should  yet  afford  a  cheerful  and 
pleasant  outlook.    . 

Tba  Housekeeper's  Room  will,  in  large  mansions,  bo  an  apartment  of  considerable 
size.  It  should  be  in  proximity  both  to  the  kitchen  and  the  store-room,  and 
in  some  cases  will  have  to  answer  the  purpose  of  a  store-room.  It  should  be 

amply  supplied  with  stoi'e-closeta  In  any  case,  it  should  be  a  well-lighted  cheerful 
room,  as  it  not  unfieqnently  has  to  serve  as  the  sitting-room  for  the  upper  servants. 

A  luggage-room  will  be  a  necessary  provision  in  large  houses.  It  should  adjoin 
the  side  entrance,  and  be  in  the  direct  line  between  the  front  door  and  the  stables. 
It  may  conveniently  take  the  form  of  a  vestibule  to  the  side  entrance,  in  which 

case  it  will  serve  as  tradesman's  hall. 
TJ^  Cellars, — ^There  ought  to  be  no  difficulty  in  providing  ample  cellar-space  to 

the  largest  as  well  as  to  the  smallest  house.  No  house  ought  to  be  built  without 
cellars  under  the  whole  area.  This,  of  course,  sounds  extravagant  to  a  degree, 

but  it  is  nevertheless  true.  With  well-ventilated,  dry,  and  properly-constructed 
(hilars,  the  evils  arising  from  damp  ground  and  the.  alternations  of  temperature 

common  to  most  kinds  of  soils  will  be  gi*eatly  neutralised.  The  external  walls 
must  of  course  be  protected  by  a  properly-constructed  dry  area,  as  described  in 
the  preceding  chapter.  The  floor  and  the  ceiling  should  be  of  concrete,  or  of  bricks 
on  a  concrete  substratum,  and  an  ample  supply  of  ventilating  air-bricks,  which 
vukj  also  serve  for  admitting  light,  should  be  inserted  in  the  walls  at  the  ceiling- 
level  Wine-cellars  must  be  arranged  in  the  position  least  subject  to  variations 
of  temperature,  and  it  is  sometimes  necessary  to  provide  an  outer  and  an  inner 
▼ine-cellar.  The  wine-cellars  should  be  fitted  up  with  slate  or  stone  shelves  on 
brick  supports,  or  with  iron  racks,  and  space  for  a  table  may  be  provided.  Wine- 
cellara  in  large  establishments  are  sometimes  subdivided  into  store-cellars, 

^bspensing-oellar,  receiving-cellar,  and  cellar  for  wines  in  wood  and  for  bottling. 
Part  of  the  cellars  may  occasionally  be  divided  off  to  form  a  convenient 

hox-room. 

In  all  large  houses  not  supplied  with  gas  a  room  should  be  arranged  for  cleaning 
and  keeping  lamps  and  lamp-oil.  As  little  woodwork  as  possible  should  be  used 
^  the  construction  and  fittings  of  this  room,  and,  consistently  with  doing  the  work 
properly,  it  should  be  as  small  as  possible. 
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A  separate  room  may  also  be  provided  for  cleaning  boots  and  brushing  clothes. 

This  room  may  be  in  the  yard  next  the  wood-house. 
In  this  yard  will  also  be  placed  the  dust-bin.  Properly,  nothing  but  diy  rubbish 

and  ashes  ought  to  be  placed  in  the  dust-bin.  It  should  be  of  limited  capacity,  so  as 
to  necessitate  its  being  frequently  emptied  and  cleansed,  and  thus  prevent  any 
animal  or  vegetable  matter  that  may  be  deposited  in  it  from  remaining  there  long 

enough  to  set  up  putrefaction.  A  strong  barrel  or  tub  with  suitable  handles,  or  a 

galvanised  iron  box,  to  stand  under  an  open  shed,  is  perhaps  the  best  form  of  dust- 
bin ;  but  where  it  is  a  fixed  structui-e  it  should  be  constructed  of  substantial  brickwork, 

i*endered  inside  with  cement,  and  should  have  a  flagged  or  cement  floor  three  or  four 
inches  above  the  level  of  the  adjacent  ground.  Unless  the  dust-bin  is  under  a  shed  it 
should  have  a  sloping  cover,  with  a  self-closing  lid  so  airanged  that  the  rain  should  not 
be  liable  to  penetrate  to  the  inside.  A  useful  addition  to  the  dust-bin  is  a  sieve  with 
a  stick  i>assed  through  the  sides  of  it  to  serve  as  a  handla  The  sieve  rests  on  a  cenple 
of  wooden  bars  near  the  top  of  the  dust-bin,  with  the  handle  |)assing  through  the  side 
of  the  bin.  Ashes  and  cinders  may  be  thrown  into  the  sieve,  the  lid  of  the  bin  shut 
down,  and  by  means  of  the  handle  the  dust  is  riddled  through  the  sieve,  and  the 
cinders  can  afterwards  be  collected  for  use  in  the  fires.  The  position  of  the  receptacle 

for  dust,  and  other  dry  refuse,  will  be  determined  by  various  circumstances — as  the 
size  and  character  of  the  house,  and  the  mode  of  collection.  In  all  cases  it  should  be 

us  near  as  pi'acticable  to  an  euti'ance,  and  should  be  so  placed  that  it  can  be  emptied 
without  involving  the  necessity  of  carrying  the  contents  through  the  hous&  It  should 

be  placed  as  far  away  as  possible  from  all  windows.  And  if,  as  in  the  case  of  artisans' 
dwellings  in  towns,  and  dwellings  on  the  "  flat "  system,  it  is  necessary  to  keep  a 
receptacle  indooi-s,  provision  should  be  made  for  emptying  the  contents  of  each 
i*eceptacle  into  a  general  receiver  at  lea.st  once  in  the  day.  For  this  pui'pose  a  lift 
will  probably  be  found  the  most  efficient  appliance.  Dust-shoots  aro  objectionable, 
from  their  liability  to  get  clogged,  and  the  impossibility  of  ensuring  their  proper  usage. 

The  Laundry. — The  laundry  offices  may  be  placed  either  near  the  kitchen  offices 
or  away  from  the  house,  the  advantage  of  one  or  other  arrangement  depending  upon 
the  special  circumstances  of  individual  cases. 

They  consist  of  washhouse,  laundry,  drying-room,  and  soiled-linen  room. 
The  washhouse  should  be  an  airy,  well-lighted  room,  with  an  open  roof  provided 

with  ample  ventilation  by  means  of  louvi*es  at  the  highest  point  Provision  should 
also  be  made  for  the  admission  of  fresh  air  either  at  the  floor-level  or  about  six  feet 

above.  The  wall  and  floor  must  be  of  some  non-absorbent  substance — ^glazed 
bricks  or  tiles  for  the  walls,  and  Portland  cement  or  asphalte  for  the  floor,  beiag 
about  the  most  suitable  materials. 

Proviidon  should  be  made  by  means  of  open  channels  of  glazed  stoneware  to 
cany  off  the  water,  when  the  floor  is  washed  down,  into  a  gulley  grating 
situated  outside  the  building. 

The  ordinary  appai-atus  for  a  washhouse  consists  of  a  large  copper  for  boiling 
linen,  and,  where  machines  are  not  used,  as  many  washing-troughs  as  may  be  needed, 
each  provided  with  a  supply  of  hot  and  cold  water.  Wooden  standing-boards 

should  be  provided  in  fi*ont  of  these  troughs,  which  should  be  placed  in  front  of 
the  windows.  It  may  also  be  necessary  to  provide  space  for  washing  and  wiinging 
machines. 
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The  laundiy.  should  oommunicate  with  the  washhouse,  and  should  be  constructed 

in  a  similar  manner,  except  that  the  floor  may  be  of  wood.  The  apparatus  of  the 

laundry  will  be  one  or  more  ironing-tables,  a  mangle,  and  an  ironing-stove. 
In  most  laundiies  the  drying  is  now  usually  done  in  closets  or  rooms  specially 

arranged  for  the  purposa  The  wet  linen  to  be  dried  is  arranged  on  a  series  of 
upright  frames  placed  side  by  side,  and  which  slide  out  into  the  washhouse  and 

laundry.  When  covered  with  wet  linen  in  the  washhouse,  these  **  horses "  arc 
slid  back  again  into  the  drying-closet,  in  the  floor  of  which  are  a  series  of 
ooils  of  pipes,  by  means  of  which  the  requisite  temperature  is  obtained.  The 

di-yiug-horscs  are  afterwards  drawn  out  into  the  laundry,  where  the  dried  linen 
is  removed  from  them.  Due  provision  must  be  made  for  the  escape  of  steam  from 

tlie  drying-<;loset. 
The  room  for  soiled  linen  will  be  a  small  but  well-lighted  room,  with  a  wide 

shelf  for  sorting.  By  preference,  this  room  should  be  long  and  naiTow,  with  the 
light  on  the  long  side. 

Such  laundry  offices  as  described  above  are  suitable  for  large  country  houses. 

In  houses  of  a  smaller  kind — as,  for  instance,  an  average  country  rectory — a  wash- 
house  is  all  that  can  usually  be  provided. 

The  great  importance  of  thorough  ventilation,  and  ample  lighting,  to  the  smallest 
as  well  as  to  the  largest  laundiies,  can  hardly  be  too  strongly  insisted  upon.  And 
in  the  case  of  a  room  used  solely  for  the  reception  of  soiled  linen,  it  is  obviously  of 
the  highest  importance  to  secure  the  possibility  of  thoroughly  changing  the  air  of 

the  room  in  a  &hoi*t  space  of  time. 
Where  shoots  are  used  for  conveying  soiled  linen  from  upper  storeys  to  the 

ground,  it  is  desirable  to  fit  them  up  with  canvas  lining  that  can  easily  be 
removed  for  cleaning. 

Stores  come  under  two  heada  The  first  may  be  classed  under  the  general  head 
of  grocery  or  dry  goods,  the  second  under  that  of  linen. 

The  store-room  proper  is  usually  placed  among  the  servants'  offices,  and,  where 
there  is  a  housekeeper,  is  in  her  charge.  Tea,  sugar,  coffee,  rice,  preserves,  candles, 
and  many  other  things  necessary  either  for  the  kitchen  or  other  parts  of  the  house, 
are  here  stored.  It  will  therefore,  even  in  a  house  of  moderate  extent,  be  a  fair- 

sized  i-oom.  It  should  be  fitted  up  with  large  and  deep  drawera  and  shelves  all 
around,  and  a  strong  deal  table,  on  which  to  stand  the  various  canisters  and  other 
vessels  in  use  when  stores  are  being  given  out  Space  should  be  provided  for 
baiTels,  and  for  the  large  earthenware  pans  in  which  sugar  is  kept.  Lastly,  the 
room  should  be  thoroughly  dry  j  there  should  be  ample  light  and  ventilation,  and 
the  aspect  should,  if  possible,  be  north. 

The  linen-room  is  best  placed  near  the  bed-rooms.  Of  course,  in  the  smaller 
kind  of  houses  it  must  necessarily  be  a  mere  closet  with  shelves ;  but  where  space 
will  admit  it  ought  to  have  a  window,  however  smaU.  In  large  establishments  the 
stock  of  linen  (in  which  term  are  included  blankets  and  counterpanes)  will  be  very 

extensive.  The  linen-room  should  be  large  enough  to  contain  the  whole  store  of 

linen  on  shelves,  or  in  pi'fjsses  along  the  walls,  and  to  afford  space  for  a  table  in  the 
centre  for  examining,  sorting,  and  marking  linen.  There  should  also  be  a  fireplace, 

or,  at  any  rate,  some  means  of  warming  the  linen-room,  and  keeping  it  dry.  This 
can  often  bo  managed  by  taking  the  hot- water  pipes  which  supply  a  bath  through 
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the  room.  A  small  pedestal  stove  might  be  fixed  in  the  centre  of  the  room  on  a 
proper  stone  or  metal  hearth,  and  the  pipe  taken  about  1  ft  6  in.  above  the  floor 

to  the  chimney-flueL  A  wire  guard  should  then  be  fixed  over  the  whole  length  of 
pipe,  on  which  linen  might  be  aired  along  the  entire  ser\ace. 

This  exhausts  the  list  of  domestic  offices  proper.  The  important  points  to  be 

borne  in  mind  in  arranging  the  servants'  offices  are,  first,  that  they  should  be  as 
light,  cheerful,  and  comfortable  as  possible,  so  that  the  work  which  has  to  be  done 
in  them  may  be  performed  under  conditions  most  conducive  to  health  and  economy 
of  labour,  which  last  item,  in  these  days  of  scarcity  and  expensiveness  of  domestic 
servants,  is  every  day  more  important,  especially  in  small  establishments.  And 
secondly,  that  all  fittings  and  appliances,  of  whatever  kind  and  for  whatever  purpose, 
should  be  as  strong  and  simple  in  construction  as  pofjsible. 

i 
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CHAPTER   VIL 

THE  LIYINO-BOOMS. 

SbtaiiMs  and  Pnwigtw    fltiiroaiM    The  Diniiig-room— Dimiri]ig-ro<mi--BrMkfati-fooiii,  Boudoir, 
and  other  BubsidiAry  Boomi. 

The  position  and  arrangement  of  the  principal  entrance  to  a  house  is  a  point  of 

very  considerable  importance,  being,  as  it  were,  the  key-note  to  the  whole.  A 
grand  and  spadons  hall,  giving  access  to  small  and  mean-looking  rooms,  ia  as  great 
an  offence  against  good  taste  as  the  opposite  extreme.  The  impression  left  on  the 
mind  in  either  case  is  that  of  incongruity. 

The  entrano&Kioor  in  terrace  houses  of  the  smaller  kinds,  where  the  ground  floor 
contains  but  two,  or  at  most  three^  rooms,  must  necessarily  be  in  the  front ;  but  in 

semi-detached  houses,  and  in  cottages,  there  is  more  scope  for  yariation,  if,  as  it 
often  may  be  with  advantage,  the  main  entrance  be  placed  at  the  side.  In  the  case 
of  a  comer  house,  in  a  row  of  terrace  houses,  for  instance,  this  will  obviously  be  the 
case,  as  not  only  will  less  room  be  devoted  to  mere  passage^  but^  by  a  little  attention 

to  the  details  of  planning,  the  entrance-hall  and  staircase  may  be  made  to  appear 
more  spacious,  while  in  reality  occupying  less  space  than  those  in  the  acljoining 
houses  with  doors  in  front.  Another  advantage  will  be  the  additional  Rue  of  the 

front  sitting-room.  In  the  case  of  semidetached  houses  with  a  basement  floor,  tlie 
advisability  of  entering  at  the  side  will  depend  greatly  on  the  width  of  the  ;^und 
on  which  the  house  stands,  as  space  must  be  left  at  the  side  of  the  steps  leading  up 
to  [the  entrance-door,  to  afford  access  to  the  back  door  and  the  gardens,  and  also  to 

allow  of  the  contents  of  the  dust-bin  being'  removed  without  passing  through  the 
Iiouse.  In  situations  where  the  value  of  land  is  not  as  great  as  it  is  in  the  immediate 
neighbourhood  of  most  large  towns,  it  is  not  unfrequently  the  custom  to  arrange  the 
smaller  kinds  of  houses  without  a  basement,  and  so  to  place  the  sitting-rooms  one  on 
cither  side  of  the  front  door,  with  the  kitchen  offices  at  the  back.  This  kind  of 

house,  known  commonly  as  ̂ '  double-fronted,"  is  much  sought  after  and  peculiarly 
beloved  by  matrons,  as  presenting  the  appearance  of  a  much  larger  house  than  it  is 
in  reality.  Asa  matter  of  fact,  most  of  these  houses  could  bo  vastly  improved 
by  relegating  the  entrance-door  to  a  more  modest  position  at  the  side,  and  adding 
the  space  thus  gained  to  the  front  rooms. 

In  planning  the  front  or  entrance-door  to  a  small  house,  of  whatever  kind,  it  is 
most  important  to  keep  well  in  view  the  position  of  the  staircase,  and,  in  fact, 
to  plan  both  door  and  staircase  together,  as,  in  order  to  obtain  a  successful  result, 
it  will  be  necessary  to  utilise  to  its  utmost  extent  every  available  inch  of  space. 

The  front  entrance  should,  in  large  houses,  as  a  rule,  be  placed  on  the  opposite  side 
of  the  house  to  that  on  which  the  principal  sitting-ix)oms  are  placed.  It  will  thus  be 

more  readily  accessible  from  the  servants'  side  of  the  house,  and  the  Bitting-iX)oms 
^iU  not  be  overlooked  from  the  carriage-drive.  Circumstances  of  site,  aRj^ect,  and 
approach  have  each  their  influence  on  the  position  of  the  principal  entrance,  so  that 
in  houses  above  the  suburban  villa  class  no  strict  rule  can  be  laid  down  on  the 
wbject    In  houses  of  the  villa  class  the  choice  is  limited  l^tween  a  front  entrance 
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and  a  side  enti-anoa  Both  have  their  advantages,  which  will  be  more  clearly  shown 
when  the  planning  of  special  kinds  of  houses  is  under  consideration.  The  subordi- 

nate entrances  consist  of  the  tradesmen's  entrance,  the  garden  entrance,  and  tho 
door  to  the  kitchen  yard.  To  these  may  be  added  a  separate  entrance  to  tho 

business  or  justice-room  in  large  mansions,  and  to  the  parish-room  in  rectories. 
The  front  entrance-door  should  give  access  to  a  vestibule,  on  one  side  of  wliich  a 

cloak-room  with  lavatory  and  water-closet  should  be  arranged.  On  the  other  side, 

where  possible,  should  be  the  communication  with  the  servants'  quarters.  It  is  also 
usual  in  large  houses  to  have  a  porch  large  enough  for  carriages  to  be  driven  under- 

neath, so  as  to  set  down  under  cover.  For  want  of  a  better  name,  this  is  usually 

called  a  "  Porte-cocher." 

The  hall  will,  of  course,  be  more  or  less  spacious,  according'  to  the  size  of  the 
house.  In  country  houses  it  not  unfrequently  serves  as  the  billiard-room.  In  any 
case,  except  where  it  is  a  mere  passage,  it  should  be  capable  of  being  furnished, 'and 
used  as  a  sort  oi  extra  sitting-room,  and  should  have  a  fireplace.  The  hall  may  also 
be  taken  up  two  storeys  in  h  eighty  and  have  a  gallery  round  it,  giving  access  to  the 
upper  rooms.  The  staircase,  too,  can  be  made  to  form  an  important  feature  in  the 
halL  In  fact,  there  is  scarcely  any  limit  to  the  amount  of  architectural  <Ssplay  of 
which  this  part  of  the  house  is  susceptible.  Where  the  space  will  permit,  which  is 
the  case  in  all  houses  except  those  of  the  smallest  villa  type,  the  hall  with  the 

entrances  to  the  different  reception-rooms  should  be  shut  off  from  the  rest  of  the 

housa  Access  to  the  kitchen  and  servants'  offices  will  be  most  conveniently  placed 
near  the  dining-room,  an  arrangement  which  will  permit  of  the  servants  reaching 
the  dining-room  or  serving-lobby  without  crossing  the  hall.  The  offices  can  be 
arranged  on  cither  side  of  the  passage,  or  in  the  form  of  a  quadrangle  with  the 
passage  on  the  inner  sides.  The  passages  and  thoroughfares  in  the  upper  floors  vary 
in  extent  with  tlie  size  and  number  of  rooms  on  each  floor.  No  very  stringent  rules 
can  be  laid  down  for  the  arrangement  of  passages  where  so  many  diverse  conditions 
and  possible  requirements  exist.  It  may,  however,  be  taken  as  an  absolute  rule, 
without  any  exception,  that  passages  must  be  lighted  directly  from  the  open  air. 
They  should  also  be  as  broad  as  circumstances  will  admit  Where  such  a  lavish 
expenditure  of  space  is  permissible,  the  passages  may  be  wide  corridors  or  galleries, 
with  recessed  windows,  in  which  seats  can  be  arranged.  In  planning  the  passages, 
especially  in  small  houses,  economy  in  the  matter  of  carpets  should  receive  due 
attention.     This  remark  will  apply  equally  to  the  staircase. 

Staircases. — Lord  Bacon's  idea  of  what  a  staircase  should  be  is  worth  quoting 
here  : — "  The  stairs,  likewise,  to  the  upper  rooms,  let  them  be  upon  a  fair  open 
newel,  and  finely  railed  in,  with  images  of  wood  cast  into  a  brass  colour  j  and  a  very 

fair  landing-place  at  the  top."*  The  "  fair  open  newel "  is  evidently  a  reference  to 
the  open  staircases,  first  constructed  in  Queen  Elizabeth's  reign,  which  succeeded  the 
old  Gothic  staircase  built  round  a  solid  stone  wall,  and  often  circular  on  plan.  That 
the  open  arrangement  was  a  vast  improvement  on  the  old  corkscrew  staircase  will  uot 
be  denied.  The  principal  staircases  in  many  of  the  old  Elizabethan  mansions  which 
remain  to  us  are  patterns  of  what  the  staircase  ought  to  be.  Usually  constructed 
entirely  of  oak,  the  steps  wide,  and  with  a  well-proportioned  rise,  square  landings, 
and  with  handsome  cai'vcd  balusters  and  handmil,  they  form  on  imposing  feature  in 

*'*E8W7onBuUdiDg.'* 
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the  house.  Frequently  the  top  landing  forms  a  gallery,  giving  access  to  the  rooms 
aboTa  Two  very  common  faults  are  to  be  found  in  staircases,  especially  in  small 
houses.  They  are,  first,  stairs  in  long  flights  without  any  break  or  landing ;  and 

secondly,  what  is  usually  a  consequence  of  the  first,  "  winding  "  stepa  The  stair- 
cases  shown  in  M.  Violet-le-Duc*8  book,  "  How  to  Build  a  House,"  exhibit  each  of 
these  faults  in  a  marked  degree.  The  principal  staircase  is  in  one  continuous  flight, 

with  winding  steps  at  each  end,  and  the  secondary  staircase  is  all  *'  winders,"  being, 
in  fact,  the  old  mediseval  turret  staircase  reproduced.  With  care  in  planning,  and 
a  little  additional  space  allotted  to  the  stairs,  both  these  faults  may  be  avoided. 
There  ought  to  be  a  landing  to  at  least  every  six  feet  of  vertical  height.  Two  inter- 

mediate landings  in  a  height  of  eleven  or  twelve  feet  would  be  better  still.  As  to 

"winders,"  under  no  consideration  whatever  should  they  be  tolerated.  The  proper 
gradient  for  the  steps  is  a  very  important  element  in  setting  out  a  staircase.  The 

scale  which  is  found  in  practice  to  be  best  is  given  under  "  Interior  Construction." 
Palladio  says  that  steps  should  not  exceed  six  inches,  nor  be  less  than  four  inches  in 
height  The  breadth  he  gives  at  not  less  than  twelve  inches,  and  not  more  than  a 
foot  and  a  hal£  These  dimensions  seem  to  err  in  making  the  steps  too  low  and  wide, 
and  thereby  increasing  the  exertion  necessary  in  ascending.  Grand  marble  or  stono 
staircases  admit,  however,  of  a  smaller  rise  than  less  pretentious  ones.  Six  inches 
rise  and  eleven  inches  tread  afford,  perhaps,  the  most  practicable  stair  for  ordinary 
use.  The  back  stairs,  and  stairs  in  small  houses,  where  space  is  necessarily  limited, 

maj  have  "  risers  "  as  high  as  seven  and  a  half  inches,  with  treads  nine  inches  wide. 
Stairs  to  lofts,  which  approach  more  to  the  chaiucter  of  a  step-ladder,  may  be  some- 

what steeper  even  than  this. 

The  back  stairs  are  for  giving  access  to  the  bed-rooms  from  the  servants'  offices 
without  using  the  principal  staircase.  In  town  houses  they  are  often  arranged  to 

work  in  behind,  or  at  the  side  of  the  principal  Btaii*cas&  In  all  houses  where 
it  is  possible  a  back  staircase  should  be  provided,  and  in  immediate  communi- 

cation with  it  the  housemaid's  sink  should  be  arranged.  Additional  staircases 
must  be  provided  where,  under  some  other  circumstances,  the  arrangements  of  the 

house  require,  as  for  a  nursery  stair,  and  one  for  access  to  the  men-servants' hed-rooma 

The  Family  Living-rooms. — Between  the  labourer's  cottage,  with  its  one 
living.room  sendng  also  as  kitchen,  and  the  mansion  of  a  nobleman,  with  its  suites 
of  reception-rooms — "a  Side  for  the  Banquet,  as  is  spoken  of  in  the  Book  of 
Esther,  and  a  Side  for  the  Household  "  * — ^there  are  many  steps ;  but  inasmuch  as 
there  are  certain  fundamental  rules  which  govern  all  the  various  classes  of  houses 

intermediate  between  these  two,  the  I'equirements  of  such  rooms  only  as  are  common 
to  all,  or  nearly  all,  can  here  be  defined. 

The  Dining-room. — The  best  aspect  for  a  dining-room  is  south-east,  or  south- 
south-east  This  allows  the  sun  to  shine  into  it  in  the  morning,  which,  when  the 
room  is  used  also  as  a  breakfast-room,  as  it  usually  is,  is  pleasant  enough.  In  the 
evening,  when  people  are  dining,  the  effect  of  the  sunset  is  seen  without  the  in- 
convenienoe  of  direct  rays  penetrating  into  the  room.  A  westerly  or  south-westerly 
aspect  is  therefore  to  be  avoided.  A  dining-room  should  be  oblong  in  shape,  and 
the  windows  may  either  be  placed  on  one  of  the  longer  walls,  or  at  one  end. 

*  Baoon,  "  Essay  on  Building.'* 9 
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The  former  arrangement  is  perhaps  more  suitable  for  large  rooms,  and  the  latter 
for  small  ones. 

Fig.  23  represents  a  plan  of  a  dining-room  thirty-two  feet  long  bj  twenty-fonr 
feet  wide.  The  windows  (w  w)  are  placed  on  one  of  the  longer  sidea  The 
fireplace  (f)  is  at  the  end  opposite  the  sideboard  ;  a  is  the  door  leading  to  the  other 

reception-rooms ;  b,  that  to  the  serving-room. 
Fig.  24  shows  a  room  twenty-four  feet  long  by  sixteen  feet  wide.  The  whole 

of  the  end  wall  is  occupied  by  one  largo  window,  or  a  bow-window,  as  indicated 
by  the  dotted  lines,  might  be  formed.     At  f  is  the  fireplace,  and  at  d  the  door. 

It  should  be   noted   that  a  room  of   this   shape  can  be  lighted  with  fewer 

V 

& 

Fig.  84.~SxnAU  Dining-room. 

Fig.  23.— Dining-room. 

windows  if  they  are  placed  on  one  of  the  sides  than  would  be  necessaty  if  the 
eud  wall  only  be  used  for  the  purpose. 

The  dimensions  of  a  diniiig-room  should  be  arranged  with  a  view  to  the 
purpose  for  which  the  room  is  to  be  used — namely,  for  meals.  The  size  and 
position  of  the  furniture — ^more  particularly  the  table — ^must  therefore  be  care- 

fully considered.  A  dining-table  is  usually  about  three  feet  six  to  four  feet 
wide ;  sometimes  more.  Taking  the  width  at  four  feet,  a  space  of  one  foot  nine 
must  be  added  on  each  side  for  people  sitting  at  table.  This  gives  a  total  width 
between  the  backs  of  the  chairs  of  seven  feet  six  inchea  A  three  feet  passage- 

way on  each  sido  is  the  minimum.  This  gives  a  dimension  of  thirteen  feet  six 

inches  clear  of  the  projection  of  the  chimney-piece.  Fifteen  feet  is  a  better  size,  and 

if  length  be  added  in  proportion,  any  width  betw^een  that  and  twenty-four  feet  is 
clear  gain.  A  dining-room  twenty-four  feet  by  thirty-two  feet  may  be  called  a 
grand  room.  The  best  rule  for  proportion  of  length  to  breadth  is  probably 
about  three  to  two.  Thus  a  room  about  fifteen  feet  wide  should  be  twenty  feet 
long.  Less  length  will  suffice,  but  for  appearance  a  room  of  that  width  should 
certainly  be  not  less  than  eighteen  feet  long. 

If,  as  is  usually  the  case  in  small  houses,  the  fireplace,  with  its  projecting  breast 

and  chimney-piece,  is  on  one  side  of  the  room,   the  window,  or  windows,  being 
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at  one  end ;  the  gas-pipe,  or  hook  for  chandelier,  in  order  to  be  oyer  the  centre 
of  the  table,  should  be  fixed  centrally  between  the  projecting  chimney-breast  and 
the  opposite  wall,  without  regard  to  the  centre  of  the  window.  As  a  rule  it  is 
placed  centrally  either  with  the  window,  or,  if  there  are  two  windows,  with  the 
pier  between  them.  The  effect  of  this  is  either  that  the  table  has  to  be  placed 
inconveniently  close  to  the  fireplace,  or  else  that  the  lighting  arrangement^ 
whatever  it  may  be,  will  be  over  one  side  of  the  tabla  In  small  houses,  unless 
the  central  pendant  light  be  dispensed  with  altogether,  this  ui  a  point  well  worth 
noting. 

Inonediately  adjoining  the  dining-room  is  the  serving-room,  where  space  will 
allow  of  such  a  convenience.  Where  the  kitchen  is  in  the  basement  there  shoidd 

be  a  lift  large  enough  to  contain  dishes,  and  fitted  with  an  automatic  check  to 
regulate  it  in  going  up  and  down.  A  hot  closet  for  keeping  plates  hot  should  be 
provided  in  the  serving-room.  The  communication  between  the  dining-room  and  the 
serving-room  may  be  either  by  a  door  or  by  an  opening  in  the  back  of  the  sideboard* 

The  pantry  may  with  advantage  open  out  of  the  serving-room,  and  where 
there  is  a  basement-kitchen  the  staircase  thereto  should  be  close  at  hand.  Besides 

the  hot  closet,  the  serving-room  should  contain  a  shelf,  and  possibly  a  small  table. 
Where  there  is  not  sufficient  space  for  a  serving-room,  and  the  dining-room  is  large, 
Ihe  hot  closet  may  be  placed  at  one  end  of  it^  where  it  will  be  useful  as  an 
additional  means  of  warming.  This  arrangement^  however,  would  have  the  dis« 
advantage  of  being  intolerable  in  hot  weather.  In  small  houses,  and  where  the 
kitchen  is  on  the  same  floor  as  the  dining-room,  but  not  actually  adjoining  it^  a 
serving-hatch  is  a  great  convenience,  as  it  obviates  the  necessity  for  frequently 
opening  the  door.  This  provision  obviously  pre-supposes  that  at  least  two  servants 
are  kept. 

The  Draioing^oom, — ^The  aspect  of  the  drawing-room,  which  is  largely  used  in 
all  kinds  of  houses  in  the  afternoon,  should  be  sunny  and  cheerfuL  South,  west, 

and  south-west,  are  all  suitable  aspects^  with   proper  appliances  in  the  shape  of 

7%.  SBL^DfEwinf-ioomi 

v^^andahs,  and  sun-blinds  outside  the  windows,  to  screen  off  the  glare  and  heat  of 
the  midday  sun.  Nothing  can  be  more  cheerful  and  pleasant  than  to  sit  in  a  cool 
room  and  look  out  on  to  warm  and  bright  sunlight  without  being  affectod  by  the 

direct  rays.  The  dimensions  of  a  drawing-room  are  susceptible  of  gi'eater  variation 
than  those  of  a  dining-room.     Where  there  is  no  other  room  available  for  assemblies 
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the  size  must  be  somewhat  governed  by  the  extent  to  which  it  is  likely  to  be  used 

for  receptions  and  entertainments.  A  very  convenient  arrangement,  where  there  is 

plenty  of  space,  is  to  divide  one  end  of  the  room,  enclosing  a  space  either  square,  or 

nearly  so,  by  columns,  forming  the  portion  marked  b  in  the  annexed  plan  (Fig.  2o) 
into  a  boudoir  or  morning-room.  With  a  separate  fireplace,  it  makes  a  more  cosy 

sitting-room  for  two  or  three  people  than  the  larger  roouL  The  drawing-room 
admits  of  any  number  of  recesses,  alcoves,  oriel  or  bay  windows,  all  of  which  afford 
facilities  for  the  company  to  form  themselves  into  groups  for  conversation,  <fec. 

If  there  be  a  conservatory  the  drawing-room  may  communicate  with  it^  but  not 

directly.  Charming  anungements  can  "be  made  by  two  or  more  drawing-rooms, 
music-room,  sculpture-gallery,  orangeiy,  and  conservatory  en  guUe^  opening  one  out 
of  the  other. 

Every  houso  of  any  pretensions  above  those  of  a  cottage  has  nowadays  its  third 
room,  called  either  morning-room,  breakfast-room,  study,  or  library.  By  whatever 
name  it  happens  to  be  called^  it  is  a  very  useful  adjunct,  and  should  be  arranged 

wherever  space  will  allow.  This  must  not,  however,  be  at  the  cost  of  sacrificing 
needful  space  in  the  kitchen  arrangements. 

In  large  houses  these  additional  rooms  will  often  be  several  in  number,  and  of 

some  importance.  They  may  comprise  library,  boudoir,  morning-room,  billiard- 
room,  business-room,  gun-room,  and  possibly  music-room.  The  library,  if  it  is  to  be 
really  a  library,  and  ndt  a  mere  smoking-room,  should  be  situated  in  some  quiet 

comer,  where  its  occupant  can,  if  desired,  be  secure  from  interruption.  It  should 

not  be  capable  of  being  used  as  a  passage  from  one  room  to  another,  though  a 

doorway  of  communication  with  either  the  dining-room  or  the  drawing-room  is  by  no 
means  a  disadvantage.  The  doors  should  in  cither  case  be  double.  The  principal 
purpose  for  which  a  library  is  needed  being  the  storage  and  study  of  books,  the 
room  should  be  planned  with  a  view  to  these  purposes.  It  must  be  dry  and  well 

lighted,  but  not  exposed  to  direct  sunlight  For  this  reason  a  north  or  north-east 
aspect  is  best  suited,  for  it.  Plenty  of  wall-space  must  be  provided  for  bookcases, 
and  the  bookcases  should  be  all  arranged  for,  and  form  part  of  the  permanent 
architecture  of  the  room.  The  windows,  if  deeply  recessed,  and  of  sufficient  width, 
form  convenient  places  for  reading  or  writing,  and,  when  so  arranged,  should  each 
have  a  broad  scat.  Some  of  these  windows  may  conveniently  be  fitted  up  with 
shelves  for  opening  very  large  books  upon. 

The  boudoir,  or  moniing-room,  is  practically  the  same  room  with  different 
names.  It  should  be  light  and  cheerful  in  aspect  and  appearance.  A  boudoir 

is  often  made  an  adjunct  to  a  bed-room  suite,  or  it  may  form  part  of  the 
drawing-room  suite.  The  shape  best  suited  for  a  boudoir  is  probably  square,  or 
nearly  so.     Fifteen  to  eighteen  feet  each  way  is  about  the  most  suitable  size. 

The  billiard-room  is  nowadays  an  invariable  adjunct  to  all  country  houses  of 
any  pretension.  It  should  be  lighted  from  the  roof  wherever  it  is  possible  to  do 

80.  The  best  method  of  accomplishing  this  is  by  a  lantern-light  witli  sloping  sides, 
or  by  wide  windows,  close  up  to  the  ceiling,  along  three  sides  of  the  room.  These 
windows  should  be  placed  some  six  or  seven  feet  above  the  floor,  and  should  be  as 

close  together  as  can  be  managed.  The  proper  means  to  be  adopted  for  preventing 
the  rain  from  making  its  way  in  and  falling  on  the  table,  and  also  for  cariying  off  the 

moistui*e  of  condensation,  will  be  found  described  under  "  Interior  Constiniction." 
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The  \aiiteni4iglit  is  preferable  to  an  ordinary  skylight,  as  the  light,  while  quite 
mf^deiii,  does  not  fall  on  the  players  and  the  table  in  a  vertical  direction.  The  size 
of  a  fiill-sized  billiard-table  is  twelve  feet  by  six  feet,  and  at  least  five  feet  all  round  it  is 
necessary  to  allow  the  cues  to  be  worked.  This  gives  a  clear  space  of  twenty- 
two  feet  by  sixteen  feet,  which  is  the  minimum  size  for  a  billiard-roouL  Twenty- 
four  feet  by  eighteen  feet  is,  however,  better,  and  additional  space  may  with 
advantage  be  provided  where  practicable,  to  enable  spectators  to  watch  the  game 
with  comfort  This  may  be  done  veiy  effectively  by  a  projecting  window,  or  a 

recess  in  one  side  or  end  of  the  room.  In  forming  the  floor  of  a  billiard-room  it  is 
important  to  secure  a  solid  foundation  for  the  legs  of  the  table,  in  order  to  prevent 
vibration.  If  near  the  ground,  this  can  best  be  done  by  forming  two  parallel 

nine-inch  dwarf  walls,  five  feet  nine  inches  apart  from  centre  to  centre,  to  take 
the  1^  lengthways.  If,  however,  the  room  is  in  an  up[)er  storey  it  will  be  necessiiry 
to  introduce  three  rolled  iron  joists  of  adequate  strength  across  the  width  of  the 
room,  at  distances  apart  of  six  feet  from  centre  to  centre,  if  the  table  has  six 
legs,  and  four  joists  if  it  has  eight  legs. 

Where  a  music-room  is  required  it  will  probably  be  a  room  of  some  size  and 
pretension.  If  an  organ  is  contemplated  the  height  of  the  room  will  have  to  be 
considered  in  connection  with  the  height  of  the  organ.  Probably  the  best  shape 
for  this  room  is  a  long  and  comparatively  narrow  one.  The  materials  of  which 
the  room  and  its  decorations  are  formed  should  all  be  selected  with  a  view  to 

increasing  its  acoustic  properties. 

A  Smoking-room  has  sometimes  to  be  provided,  and  possibly  two.  At  Caidiff 
Castle,  in  the  new  tower  designed  by  the  late  Mr.  Burges,  A.II.A.,  there  is  a 

summer  smoking-room  and  a  winter  smoking-room.  But  this  is  a  i^efinement  of 
luxury  permissible  only  to  the  few.  There  should  be,  in  close  proximity  to  the 

smokiDg-room,  a  suitable  lavatory;  a  water-closet  may  likewise  be  provided  in 
comiection  therewith. 

Several  of  the  most  usual  kinds  of  living  or  day  rooms  have  now  been  enumerated, 

but  there  are  others,  of  which  mention  has  not  been  made — such  as  pictui'o-galleries, 
scnlpture-galleries,  and  ball-rooms — which  have  at  times  to  be  arranged.  These, 
however,  appeitain  only  to  houses  of  palatial  type.  It  is  also  sometimes  necessary  to 
hsTe  sepaiute  suites  of  rooms  for  entertainments.  All  these  things  have  to  be  con- 

sidered in  their  turn,  but  underlying  the  whole  subject  of  the  arrangement  or 
planning  of  living  and  reception  rooms  is  the  fundamental  rule  that  each  room  must 
be  c&refnlly  planned  with  a  view  to  its  special  occupation  or  use.  As  a  dining- 
nx)iD  cannot  be  satisfactorily  planned  without  the  position  of  table,  sideboard,  door, 

fir^Iacs,  and  windows  being  cai-efully  thought  out,  so  neither  can  a  billiard-room 
be  designed  without  taking  account  of  the  billiard-table  and  the  space  around  it,  or 
a  library  without  arranging  the  position  of  the  bookcases. 
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CHAPTER  VIIL 

BED-BOOMS,    NURSERIES,   AND   BATH-BOOMS. 

General  Requirements  of  Bed-rooms — Dressing-rooms— Nurseries — Suites  of  Nurseiy-rooma— SotuW 
Bed-rooms— Bath-rooms  and  Water-closets. 

The  rules  to  be  observed  in.  planning  bed-rooms  are,  first,  that  the  bed  should 
be  placed  in  such  a  position  that  the  air  can  have  free  circulation  all  round  it 
without  its  being  in  a  draught;  secondly,  that  the  door  in  opening  shall  screen,  and 

not  expose,  the  bed ;  and  thirdly,  that  sufficient  window-space  should  be  provided, 
without   overdoing   the   lighting,   or  rendering  it  an   absolute   necessity  for  the 
bed  to  face  the  light     It  should  always  be  borne  in  mind,  moreover,   that  eveiy 

bed-room  is  a  possible  sick-room ;  for  a  person  ill  in  bed  to  have  a  window  directly 
opposite  his  eyes  is  to  the  last  degree  trying.     On  the  other  hand,  when  the  patient 

is  well  enough  to  read,  a  window  on  one  side  of  him  is  just  what  he  requii'es.    It 
has  been  said  above  that  tlie  windows  to  bed-rooms  should  not  be  overdone.     It  is  a 

common  fault  in  modern  houses  to  overwindow  the  bed-rooms,  and  a  most  incon- 
venient fault  it  is,  as  it  greatly  increases  the  difficulty  of  finding  suitable  positions 

for  tlie  furniture,  and  of  maintaining  an  equable  temperature.     In  houses  of  the  villa 
type  it  is  often  next  to  impossible  to  avoid  placing  the  bed  either  opposite  the  window 
or  directly  in  the  draught  between  the  door  and  the  window.     In  this  case  the 
former  alternative  should  be  preferred.     A  bow  or  square  projecting  window  is  a 

useful  addition  to  a  bed-room,  giving  space  for  the  dressing-table,  and  leaving  more 
free  floor-space — a  very  desirable  point  to  attain.     Again,  bed-rooms  should  always  be 
capable  of  being  used  as  sitting-rooms.     This  is  more  especially  the  case  with  spare 

bed-rooms  or  visitors'  rooms.     Where  space  will  admit,  proper  accommodation  should 
be  provided  for  a  writing-table,  easy  chair,  and  sofa,  besides  the  ordinary  furniture  of 

the  bed-room.    Wai-drobes  ought  to  be  made  part  of  the  permanent  construction  of  the 
room,  and  not,  as  is  usually  the  case,  sepai*ate  pieces  of  furniture.     Recesses  can  often 
be  formed  and  fitted  up  as  wardrobes.     Thus  three  large  collecting  surfaces  for  dust, 
at  the  top,  between  the  back  and  the  wall,  and  underneath,  will  be  abolished. 

Bed-rooms  in  large  houses  may  often  be  conveniently  arranged  in  sets.  Thus 
one  set  may  be  appropriated  to  bachelors  and  another  to  yoimg  ladies. 

In  all  houses  where  it  can  possibly  be  arranged,  one  or  perhaps  two  rooms  should 

be  so  planned  that  they  can  be  used  as  sick-rooms.  This  is  especially  desirable 
in  cases  of  infectious  fevers,  or  where  absolute  quiet  is  necessary.  They  should  be 

capable  of  being  shut  off  by  a  lobby  from  the  rest  of  the  house,  and  a  water-closet 
and  slop-sink  should  be  so  arranged  that  in  cases  of  illness  they  could  be  appropriated 
entirely  to  the  use  of  the  sick-room.  Independent  access  as  far  as  practicable  should 
also  be  contrived,  in  order  that  communication  with  the  sick-room  may  be  had  with 
the  least  possible  risk. 

The  principal  bed-rooms  in  all  houses,  even  in  the  smaller  class  of  semi-detached 
viUas,  usually  have  a  dressing-room,  and  sometimes  two,  attached  to  them.  Separate 
access  must  in  all  cases  be  provided  to  the  dressing-rooms,  inasmuch  as,  if  entered 
only  through  the  bed-room,  half  the  value  of  a  dressing-room  is  lost     A  dressing- 



NURSERIES. 

87 

room  should  always  have  a  fireplace,  and  should  not,  as  is  often  the  case  in  London 
houses  bmlt  a  dozen  years  or  so  ago,  contain  the  only  bath  in  the  house.  A 

complete  bed-room  suite  in  a  large  house  will  often  consist  of  the  bed-room,  two 
dressing-rooms,  a  boudoir,  a  bath-room,  and  a  water-closet. 

Nwneries. — ^The  nursery  department  should  always  be  placed  within  a 
convenient  distance  of  the  bed-room  of  the  parents.  At  the  same  time  it  should 
be  efiectuaUy  shut  off  from  the  rest  of  the  house.  This  is  essential  for  the  comfort 
both  of  the  elders  and  of  the  children :  for  the  elders,  because,  however  fond  people 
may  be  of  children,  there  are  times  when  the  noise  and  unrest  essential  to  childhood 
become  wearisome;  and  for  the  children,  becauto  an  undue  restraint  on  their 
amusements,  especially  in  the  point  of  noise,  is  both  unnatural  and  unfair.      The 
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nurseried,  then,  should  be  so  shut  off  from  the  rooms  occupied  by  the  adult  mciiibers 
of  the  family  and  the  visitors,  that  the  children  can  play  and  make  what  noLse  they 
please  without  fear  of  correction. 

Very  often  the  nursery  must  consist  of  a  couple  of  rooms  at  the  top  of  the 
house,  taken  much  as  they  are.  What  can  be  done,  or  should  be  done,  with  such  a 
nursery,  ajs,  indeed,  with  one  of  any  size,  will  be  treated  of  in  detail  by  Dr.  Squire, 
whose  proTuice  it  is  to  treat  of  whatever  nursery  may  be  ready  to  his  hand.  Here 
it  can  only  be  pointed  out  that  a  perfect  nursery  suite,  on  a  large  scale,  should 

consist  of  a  day-room,  a  bed-room  for  the  head  nurse  and  two  or  three  younger 
children,  two  or  three  additional  small  bed-rooms  for  the  elder  children  and  the 

under  nurse,  a  dressing-room,  a  scullery,  a  bath-room,  and  a  water-closet. 
The  day-room  should  be  a  well-lighted,  cheerful  room,  with  a  sunny  aspect.  The 

look-out  should  be  as  interesting  as  possible  to  the  children,  and  every  means  should 
be  taken  to  make  the  aspect  of  the  room  as  bright  and  cheerful  as  possible.  A 
cheap  and  effective  mode  of  attaining  this  end  is  to  cover  the  walls  with  some  plain 

sad  simple  paper-hanging,  with  a  very  unobtrusive  design,  and  on  this,  at  suitable 
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intervals,  to  pants  coloured  pictures.  The  selection  of  tbeae  should  l>e  nuule  with 

care  in  order  to  accustom  the  children's  eyes  to  good  drawing  and  harmonious 
colouring.  The  whole  of  the  walla,  pictures  and  all,  can  then  be  Tarnished  OTer, 
and  a  clean  washable  surface  will  be  obtained. 

A  projecting  window,  either  square  or  of  the  "bow"  form, is  a  useful  adjunct  to 
the  day-room,  forming  a  convenient  place  for  the  nurse's  work-table,  a&d  in  which 
she  can  sit  and  work  while  the  children  have  the  whole  floor-apace  for  their  games. 
A  wcU-constinicted  stove,  but  which  shall  not  be  available  for  cooking  parposes,  must 

be  provided,  and  a  guard  somewhat  in  the  form  shown  in 
Fig.  27  firmly  fixed  to  the  chimney-piece,  to  serve  the 
purpose  both  of  fender  and  guard.  The  curved  top  mi^t 
hinge  to  fall  downwards,  in  order  to  give  access  to  the  fire. 
The  extra  rod  sometimes  fixed  in  front  of  the  ordinaiy 
nursery  fire-guards  for  airing  linen  should  on  no  account 
be  permitted  ;  on  the  contrary,  every  obstacle  should  be 
put  in  the  way  of  this  undesirable  practice,  which,  for 

reasons  given  when  ti'eating  of  the  nursery  npecially,  should 
never  be  carried  on  in  the  nursery  living-rooma.  The 
windows  should  be  low  enough  for  the  children  to  be  able 
to  look  out,  proper  precautions  being  taken  by  ban  or  wire 
blinds  to  prevent  accidents. 

The  bed-room  should    adjoin    the  day-room,  and  may 

Tig  B7  — Fiiwrniara.  communicate  with  it  either  by  a  door  or  by  a  window 
opening  for  ventilation.  The  maximum  accommodation  b> 

be  provided  may  be  taken  as  for  a  nurse  and  four  children.  Calculating  on  a 
basis  of  1,000  cubic  feet  per  bead,  we  have  a  room  30  ft.  long,  16  ft.  wide,  and 
10  ft.  6  in.  high.  This  perhaps  is  somewhat  extravagant  Reckoning  two  children 
to  the  cubic  space  of  one  adult,  the  total  cubic  space  is  reduced  to  3,000  feet, 
which  gives  a  room  20  ft.  by  15  ft.,  and  10  ft.  high.  In  a  room  of  these  dimensions 
{Fig.  S6)  the  fireplace  should  be  put  in  the  opposite  wall  to  that  in  which  the  door 
from  the  passage  is  formed.  An  aperture  should  be  formed  under  the  door  that 
the  air  may  be  constantly  flowing  from  the  passage  to  the  fireplace.  By  this  means 
a  constant  stream  of  air  at  the  floor-level  can  be  kept  up  all  thiough  the  night. 
The  window  ui  the  bed-room  shoald  be  at  least  three  feet  from  the  floor,  and  should 
be  continued  up  to  the  ceiling-leveL  No  closet  or 
unnecessary  recess  should  be  formed  in  the  bed-room, 
which  is  to  be  regarded  simply  as  a  dormitory, 
and    must    contain   nothing  but  the  beds.  J 

Adjoining  the  bed-room,  and  in  immediate  commu- 
nication therewith,  is  the  dressing-room.     This  i 

should  be  of  sufficient  size  to  contain  a  dressing-table 
and  a  washstand.     It  may  also  contain  the  bath  and 

a  press  or  wardrobe  for  the  nurse's  and  the  children's        Fic.ss.— HnnrarBad-ioom. 
clothes.      The  bath,  however,  is  better  in  a  separat« 

room.  There  should  be  a  fireplace  in  ttie  dressing-room,  and  a  gaa-jet  with  an 
appliance  for  heating  a  kettle  or  saucepan. 

The  small  bed-rooms,  being  designed  for  childi'en  old  enough  to  wash  and  drew 

T 
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themselves,  must  be  of  sufficient  size  to  hold  the  usaal  fiimiture  of  a  bed-room. 
Aboat  ten  feet  square  will  be  adequate  for  these  rooms. 

The  scullery  is  the  apartment  where  any  cooking  that  may  be  necessary  is  done, 
even  to  the  boiling  the  nursery  kettle  for  tea.  A  small  cottage  range  with  an  oven 
should  be  provided,  and  a  supply  of  hot  and  cold  water  laid  on.  The  crockery  in 
use  in  the  nursery  should  be  stored  and  cleansed  in  this  room.  It  will  therefore  be 

necessary  to  provide  a  china-closet  and  sink  for  washing  upi  The  scullery,  too,  is 
the  proper  place  for  airing  the  nursery  linen ;  sufficient  space  must  therefore  be 

arranged  in  front  of  the  fireplace  for  a  good-sized  clothes-liors&  A  galvanised  iix>n 

coal-bunker  of  sufficient  capacity  for  a  week's  consumption  of  coal  may  also  with 
advantage  be  provided.  Lastly,  a  closet  for  brushes  and  brooms  and  a  slop-sink 
&hould  be  arranged  in  connection  with  this  room. 

The  bath-ixK>m  is  a  most  useful  adjunct  to  the  nursery  department,  serving  to 
keep  the  inevitable  mess  of  a  portable  bath  out  of  the  day-room,  and  also  greatly  to 
economise  labour.  It  is  desirable  that  some  means  of  heating  should  be  provided, 

either  by  a  coil  of  hot- water  pipes,  or  by  a  small  stove. 
The  water-closet  must  be  cut  off  as  much  as  practicable  from  the  other  rooms ; 

if  possible,  this  should  be  done  by  means  of  a  lobby,  with  windows  or  air-gratings, 
however  small,  on  each  side,  to  ensure  cross  ventilation. 

In  arranging  the  staircase  to  the  nursery  (where  space  will  permit  of  a  special 

staircase),  regard  should  be  had  to  the  fact  that  children's  legs  are  shorter  than 

grown  people's,  and  consequently  that  a  stair  arranged  for  adult  legs  is  steep  and 
toilsome  to  the  little  ones.  At  the  risk  of  being  condemned  as  extravagant,  it 
may  be  asserted  that  no  staircase  intended  specially  for  children  ought  to  have 
steps  of  a  greater  rise  than  four  inche&  A  special  handrail  at  a  lower  level  may 
with  advantage  be  fixed ;  and  both  rails  should  be  formed  in  such  a  manner 
that  sHding  on  them  should  be  an  impossibility.  A  small  gate  with  a  good  spring 
latch,  out  of  reach  of  the  younger  childran,  should  be  provided  at  the  top  of  this 
staircasa 

The  nursery  suite  described  above  is  one  of  a  very  complete  and  even  elaborate 
kind,  and  one  only  possible  in  cases  where  the  necessarily  large  outlay  could 
he  made.  By  a  careful  application  of  the  principles  to  be  observed  in  the 
arrangement  and  internal  economy  of  the  nursery,  enunciated  later  on,  the  various 
parts  may  be  condensed  and  simplified.  Where,  as  is  usually  the  case  in  small 
houses,  two  of  the  ordinary  rooms  of  the  house  have  to  be  applied  to  the  purposes 
of  the  nursery,  it  must  be  an  absolute  rule  that  neither  of  th&se  rooms  shall  be  in 
the  basement. 

The  school-room  may  conveniently  be  placed  near  the  nursery  suite,  and  the 

hed-rooms  of  the  elder  children,  and  of  the  governess,  should  be  aiTanged  in  prox- 
imity thereto.  Good  light  is  an  essential  to  a  school-room,  which  should  be  some- 
what longer  than  its  width,  with  the  windows  arranged  on  one  of  the  longer  sidea 

"  A  complete  bed-room  suite  has  all  the  requirements  necessary  for  a  school-room 
Kiite,  and  may  be  appropriated  to  this  purpose,  the  dressing-room  being  the 

governesses'  bed-room."* 
Servant^  Bedrooms. — The  sleeping  accommodation  provided  for  servants  is  too 

often  of  a  very  objectionable  character.     Ill-lighted  attics  with  sloping  roofs,  often 

•  StcveMon'i,  "Houae  Arohitectnre,"  Vol.  II.,  p.  7a 
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with  quite  an  inadequate  protection  from  cold  and  heat,  and  rarely  provided  with 
fireplaces,  are  frequently  appropriated  for  this  purpose.  Or  if  not  attics,  they  are 
basement  rooms,  quite  unfit  for  sleeping  apartments.  Servants  have  a  right  to 

expect  that  their  bed-rooms  should  be  properly  lighted  and  ventilated,  not  by  sky- 
lights, but  by  good  windows — in  short,  that  they  should  be  healthy.  At  the  cost 

of  diminishing  the  floor-space,  all  rooms  in  the  roof  should  be  made  with  upright 
sides.  Each  room,  however  small,  should  have  a  good-sized  window,  which  must  be 

made  to  open  both  at  top  and  at  bottouL  In  large  houses  the  female  servants'  bed- 
rooms should  be  grouped  together,  the  principal  servants  having  separate  rooms,  and 

the  housekeeper's  bed-i*oom  being  placed  in  such  a  position  that  she  has  the  rest  of 
the  rooms  under  her  control.  A  bath-room  should  be  provided  for  the  use  of  the 

female  servants,  where  circumstances  i)ermit.  The  men-servants'  bed-rooms  will  not, 
as  a  rule,  be  so  numerous  as  those  of  Uie  women-servants.  In  country  houses  the 
men  may  conveniently  be  placed  on  the  groimd  floor,  the  butler  being  put  close  to 

his  pantry  and  the  plate-safa  Booms  will  likewise  have  to  be  provided  for 

visitors'  servants.  An  arrangement  like  the  cubicles  in  school  dormitories  may,  as 
Mr.  Stevenson  suggests,  be  conveniently  made  for  this  purpose.  A  long  room, 
divided  by  boarded  partitions  into  compartments,  each  about  six  feet  by  ten  feet, 

and  each  provided  with  bed,  washstand,  and  shelf  to  serve  as  dressing-table,  will 
be  found  a  more  convenient  arrangement  than  several  small  rooms,  and  mors 
economical  of  space. 

Bath-rooms  and  Water-closets, — Nowadays,  every  house  of  a  rental  value  of  £45 
to  £50  a  year  and  upwards  has  its  bath,  with  hot  and  cold  water  service. 

The  advantages  of  bath-rooms  with  proper  water-supply  over  portable  baths, 
both  in  point  of  convenience  and  economy  of  labour,  can  scarcely  be  overrated. 

In  small  houses  there  is  no  reason  why  the  bath-room  should  not  also  contain 
the  water-closet.  It  is,  of  course,  better  to  separate  tlie  two  where  sufficient  space 
can  be  had.  In  large  houses  a  bath-room  should  be  attached  to  each  of  the  principal 

bed-rooms,  and  to  the  young  ladies'  and  the  bacheloi-s'  sets.  The  power  of  supplying 
hot  water  from  the  kitchen  is,  however,  limited.  It  would  probably  often  answer 

the  purpose  sufficiently  in  the  bachelors'  set  to  provide  a  bath  to  each  room  with 
cold-water  supply  only. 

Water-closets  should  be  arranged  as  much  as  possible  one  over  the  other,  for 
convenience  both  of  water-service  and  of  ventilation.  They  should  also  be  cut  off 

from  the  main  house  by  well-ventilated  lobbies.  Free  ventilation  and  ample  light 
are  essentials  to  a  properly-arranged  water-closet  The  old  system  of  making  the 
windows  to  the  water-closets  of  a  size  proportionate  to  the  size  of  the  closet  is  as 
unwholesome  as  it  is  absurd.  Water-closets  should,  if  possible,  have  two  windows, 
one  facing  the  other ;  where  only  one  can  be  provided,  it  should  be  so  arranged  as 
to  cast  ample  light  on  the  seat.  Of  course,  these  windows  should  open  directly  into 
the  external  air. 

The  number  of  water-closets  requisite  depends  upon  the  size  of  the  house  in 
which  they  are  fixed.  It  is  usual  in  all  but  the  smallest  houses  to  have  at  least  two 

— one  for  the  family  and  one  for  the  servants.  As  the  size  and  accommodation  of 

the  house  increases  so  will  the  number  of  water-closets  be  increased,  until,  in  large 
mansions,  a  very  considerable  number  will  be  required.  Where  men-servants  are  kept 
a  separate  closet  and  urinal  should  be  provided  for  their  use  in  a  position  apart  from 
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tiat  appropriated  to  the  use  of  the  women-seiTMita.  In  town  houses  it  is  often 

DoAvoidable  to  fix  one  water-cloeet  in  the  vault  under  the  pavement.  The  difficult}', 

then,  ia  how  to  light  and  ventilate  sDch  a  closet.  The  following  plan  (Fig.  39) 

shows  an  arrangement  succeasfullj  carried  ont  in  a  house  occupied  hy  a,  number  of 

young  women  eng^ed  in  business,  a  a  are  two  closets  separated  hy  a  wooden 

portilioQ.     At  B  ia  a  cast-iron  frame  one  foot  ten  inches  square,  fitted  with  Hyatt's 

patent  lens  lights,  which,  hy  means  of  the  shaft  c,  gives  ample  light  to  both 

closets.  A  branch  shaft  (d)  acts  as  a  ventilator,  and  is  fitted  with  a  fixed  cowl  at  e. 

The  disadvantages  of  a  closet  without  very  direct  communication  with  the  outer 

air,  and  where  even  borrowed  light  would  be  insufficient,  have  been  successfully 

combated  in  this  case.  And  although  the  plan  of  putting  water-closets  in  a  vault 

under  the  pavement  is  not  one  which  can  be  advocated,  yet  the  application  of  some 

such  appliances  as  above  described  will  in  many  cases  greatly  improve  existing 
clouts  in  such  a  position. 
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CHAPTER  IX. 

STABLES  AND   OUT-DOOR   OFFICEa 

Stables —Importance  of  Ventilation— Hamess^room  and  Coach-house — Cow-housos— Fowl-housei. 

All  the  essential  parts  of  a  house  and  its  domestic  offices  hav^e  now  been 
noticed  It  remains  to  describe  the  accessories  not  forming  part  of  the  house 
proper,  but  still  being  part  of  the  establishment.  The  first  of  these  is  the  stables. 
Here,  again,  an  almost  unlimited  diversity  of  size,  accommodation,  and  arrangement 
presents  itself.  The  main  principles  are,  however,  the  same  in  all,  whether  it  be 

a  two-stall  stable  with  chaise-house,  or  the  extensive  array  of  staUs,  loose-boxes, 
and  caniage-houses,  with  other  appurtenances  proper  to  a  large  establishmentb 

''  It  has  not  yet  been  ascertained  how  much  fresh  air  a  horse  requires  to  keep 
liim  in  health.  Such  an  inquiry,  although  of  great  value  when  warmth  has  to  be 
combined  with  ventilation,  is  of  little  importance  as  applied  to  stables,  because  the 

horse  is  not  an  exotic  animal  requiring  artificial  warmtL  He  is  taken  from  a  per- 
fectly open-air  life,  with  its  vicissitudes  of  weather  and  temperature,  to  be  confined,- 

more  or  less,  in  a  stable,  for  purposes  quite  apart  from  his  health.  The  real  question 
at  issue  is,  indeed,  how  to  subject  the  horse  to  the  captivity  he  has  to  undergo  in 
serving  man,  without  injuring  him  in  his  health  and  strength. 

"It  is  only  by  keeping  this  object  steadily  in  view  that  we  can  arrive  at  a 
thorough  understanding  of  the  condition  required  in  stable  ventilation.  Although 
all  animals  have  a  certain  power  of  adapting  themselves  to  the  conditions  in 
which  they  happen  to  be  placed,  it  must  be  evident  that  the  example  of  nature 
should  be  followed  as  far  as  possible,  and  that  the  natural  conditions  she  has 
provided  should  be  taken  as  the  model  to  be  aimed  at  in  the  change. 

"  Animal  life  is  most  perfectly  developed,  and  its  functions  are  most  perfectly 
performed  under  the  conditions  of  free  diffusion  of  the  atmosphere,  induding 
absence  of  stagnation,  abundance  of  light,  absence  of  nuisance,  and  sufiicieuc 
space  to  live  in. 

"  Thes3  are  the  conditions  (besides,  of  course,  food  and  drink)  which  natui-e  has 
bestowed  upon  the  horse. 

'*  Good  stable  ventilation  includes  these  conditions,  bscause  if  the  stable  is  filthy, 
or  the  grouni  saturated  with  putrid  urine,  it  must  be  obvious  that  no  amount  of 
fresh  air  passing  through  the  stable  will  keep  it  sweet  or  wholesome.  Any  amount 
of  fresh  air  coming  in  will  immediately  be  tainted  by  filth  which  ought  not  to  be 
there. 

"  Again,  if  a  stable  be  ever  so  clean  or  well-drained  it  will  never  be  "well- 
ventilated  without  perfect  freedom  of  movement  of  air  through  every  part  of  it^ 
together  with  free  ingress  and  egress  of  air,  so  provided  as  to  prevent  hurtful 

blasts  falling  on  the  horses."*  This  supply  of  air  must  be  accompanied  by  other 
conditions,  such  as  ample  light,  absence  of  noisome  exhalations,  and  plenty  of  space. 
No  stable  should  be  more  than  one  storey  high,  the  roof  should  be  open,  and  a  oon> 

*  Beport  of  the  Barrack  and  Hospital  GommiBsion  on  the  Ventilation  of  Gavaliy  Stables,  1864. 
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tinuoDs  ventilator  Bhould  be  formed  oa  the  ridge  or  apex  of  the  root  This  ven- 

tilAtor  should  be  permaneDtly  open.  The  louvre-boards  at  the  sides  will  prevent  the 

laiQ  from  driving  in.  Additional  ventilation  should  also  ba  provided  by  a  con- 

tinuous course  of  aii^bricks  in  each  wall  immediately  under  the  eaves.  At  the  head 

of  each  Btall  an  aperture  of  this  fonn  (Fig.  30a)  should  be  made.     A  curved  drain- 

1 
pipe  built  into  tho  wall  serves  the  purpose  admirably,  aad  tlie  aperluros  may  be  pro 

tecl«d  by  wire  gauze.  The  object  of  this  opening  is  to  supply  fresh  sir  at  tho  floor- 

level,  whore  the  air  is  necessarily  the  most  impure,  by  reason  of  the  evaporation 

constantly  going  on  from  the  paving.  The  air  which  a  horse  breatlies  when  lying 

dovm  will  by  this  means  be  consideiably  puriSed. 

A  stable  should  be  lighted  by  windows  on  its  oiijiosite  sides.     Those  over  the 

b«;uls  of  the  stalls  should  h.ivo  their  sills  placed  not  less  tlian  five  ftct  six  inches 

from  the  floor-level,  and  should  bo  low  and.  wide  in  form.     The  windows  in  the 

opposite  wall  may  be  lower,  but  the  sills  should  not  be  less 
than  four  feet  from  the  floor.     The  best  form  of  sash  for  a 

stable  ia  the  louvre  (Fig.  31). 

^  The  floor  and  walls  should  be  of  the  most  impervious 

'^  nature  procurable;     The  best  material  for  the  floor  is  one  of 
the  various  kinds  of  terro- metallic  bricks  mode  in  Stifford- 

shiro  (shown  in  Fig.  32),  which  contain  from  seven  to  ten 

per  cent,  of  oxide  of  iron.     They  are  exceedingly  hard  and 

impervious,  and   being  ctiamfci-ed,  and  of  a  ie5Cr~>ri,..^ 

rough  surface,  they  afford  a  safe  footliold  for  IT""^^^^^^ 

horECS.      A  patent  brick  is  made  from  the  clay    ̂ """^wj\,,---^ 
F  s-  3L-Subi«  Window      °^  ̂ ^   Yorkshire   coal    measures,    which   is     f,g,  u.-gubis 

chajinelled  in  one  direction  only,  the  advantage  i'oor. 
oi  this  being  that  by  avoiding  tho  transverse  channels  there  is  less  opportunity  for 

the  accumulation  of  dirt  It  is  most  important  to  avoid  a  smooth,  slippery  surface. 

For  the  walls,  either  glazed  tiles  or  bricks  are  the  most  suitable  materials.  Tho 

uolour  should  be  a  neutral  grey  or  green ;  white  is  the  worst  possible  tint 

iat  the  inside  of  a  stable,  as  it  darxles  the  horses,  and  sometLmea  even  accelerates 
bUndiuas. 

The  angles  of  the  dooropenings  and  the  sills  of  the  windows  should  be  of  the 
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same  material  as  the  paving-bricks,  only  with  the  angles  rounded  off  so  as  to  present 
no  sharp  comers  that  might  injure  the  horse. 

The  stall  divisions  must  necessarily  be  of  wood.  The  lower  edge  of  the  stall 
boarding  is  inserted  into  a  grooved  rail  which  may  be  either  of  iron  or  wood.  Of 
whatever  material  it  is  formed  it  should  be  kept  about  two  inches  clear  of  the 
paving,  to  allow  the  air  to  circulate  freely  all  over  the  stable,  and  to  %void  angles. 
Care  should,  however,  be  taken  that  the  space  does  not  exceed  two  inches,  as  a 
greater  space  than  this  would  almost  certainly  lead  to  accidents  by  horses  getting 
their  feet  wedged  beneath  the  rail  Instances  of  this  kind  have  been  known  to 
result  in  broken  legs. 

The  space  usually  allotted  to  a  stall  is  six  feet  in  width  and  nine  feet  in  length 

from  heel-post  to  wall  For  large  horses  the  width  may  be  increased  to  six  feet 
six  inches.  It  is  unadvisable  to  exceed  this  width,  as  with  very  wide  stalls  Horses 

are  apt  to  turn  round  and  foul  their  feeding-troughs.  The  minimum  cubic  space 
per  horse  is  1,200  feet.  The  dimensions  recommended  by  the  Barrack  and  Hospital 
Commission,  as  sufficient  under  proper  conditions  of  ventilation,  are  100  superficial 
feet  and  1,600  cubic  feet  per  horse. 

Loose-boxes  have  often  to  be  constructed  both  in  large  and  small  stables.  They 
are  sometimes  only  two  stalls  thrown  together;  in  all  large  establishments  a 

separate  loose-box  or  two,  entii*ely  detached  from  the  other  stables,  should  be  pro- 
vided, wherein  a  sick  horse  could  be  isolated. 

Stable  fittings  are  usually  of  iron,  with  the  mangers  and  troughs  enamelled 
inside.  These  as  well  as  the  fittings  necessary  for  the  harness,  saddles,  &a,  vary 
in  form  and  construction  according  to  the  different  tastes  and  fancies  of  owners  or 
their  grooms. 

Stable  doors  should  be  four  feet  wide  and  seven  feet  six  inches  high,  inside  the 
door-frame. 

The  drainage  of  the  stable  should  be  entirely  on  the  surface.  Open  channels 
of  wrought  iron  and  without  covers  are  the  best  for  the  purpose.  The  channel 
should  be  taken  up  the  centre  of  the  stall  to  the  wall,  and  should  fall  to  another 
channel  running  the  whole  length  of  the  stable  at  the  back  of  the  stalls.  One  or 
more  similar  channels  serve  to  conduct  the  liquid  manure  to  an  open  trapped  gully 
in  the  yard.  Thus  all  danger  from  contact  with  the  sewer  is  kept  entirely  outside 
the  stable. 

In  all  stables  a  harness-room  should  be  provided.  It  should  have  a  small  grate, 
and  sometimes  it  ia  desirable  to  fix  a  small  cooking-stove,  at  which  the  men  can 
cook  their  meals.  The  harness-room  is  usually  boarded  all  round.  There  should 
be  a  door  to  the  exterior  as  well  as  one  to  the  stable. 

The  coach-house  must  before  all  things  be  absolutely  diy.  Nothing  is  more 
destructive  to  carriages  than  damp.  The  floor  should  be  on  an  impervious 
foundation,  and  the  surface  may  either  be  asphalte  or  cement.  Broad  strips  of  hard 

stone  should  be  arranged  at  the  proper  distances  to  serve  as  tracks  for  the  wheels. 

The  walls  may  be  of  glazed  bricks  or  may  be  plastered.  It  will  frequently  be  found 

convenient  to  form  the  hay-loft  over  the  coach-house.  In  this  case  the  floor  of  the 
loft  should  be  ploughed  aad  tongued  to  prevent  the  passage  of  dust. 

Proper  ventilation  should  be  contrived  by  means  of  air-bricks,  but  the  ingress 
of  dust  and  dirt  should  be  prevented  as  far  as  possible.     In  airanging  the  doors  care 

i 
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should  be  taken  that  the  hinges  do  not  project  when  the  doors  are  open,  and  that 
a  clear  space  of  eight  feet  is  left  for  the  carriages  to  enter.  Less  than  eight  feet 
will^  it  is  true,  admit  any  ordinary  carriage,  but  some  margin  must  always  be 
allowed  for  carelessness  in  backing  a  carriage  in.  A  paved  washing-place  is 
generally  formed  in  front  of  the  coach-house,  and  it  may  conveniently  be  covered 
over  with  a  light  iron  or  wood  glaxed  roof;  the  glass  should  be  arranged  with 
interstices  at  intervals  so  as  not  to  impede  the  circulation  of  air.  A  properly- 
trapped  gully  grating  should  be  placed  in  the  centre  of  the  washing^space,  to  carry 

off  the  water.  A  supply-pipe  with  a  tap  must  be  fixed  in  some  convenient  place 
close  to  the  washing-place. 

The  dang  should  be  placed  in  some  convenient  spot  away  from  all  doors  and 
wiadows,  and  should  not  be  placed  in  pits  sunk  below  the  level  of  the  surface  in 
London  mews  or  places  where  it  is  only  waiting  removal.  It  should  then  be  placed 
in  iron  cages,  through  which  the  air  can  blow.  When  kept  for  the  purpose  of 
manure  nntO  it  decomposes,  the  receptacle  should  be  lined  with  cement^  or  some 
other  impervious  substanca  Where  such  an  arrangement  is  practicable,  a  separate 
yard  may  be  provided  for  the  reception  of  the  manure,  where  it  can  be  turned 
over  and  allowed  to  decompose  gradually  until  it  is  in  a  fit  condition  for  use  in 
the  garden. 

A  plentiful  water-supply  must  be  provided  for  stable  usa  For  washing 
purposes  a  large  soft-water  tank  would  be  valuable. 

Sleeping-rooms  for  grooms  and  others  have  commonly  to  be  provided,  even  in 
small  stables.  These  again  should  never  be  over  the  stables.  In  large  establish- 

ments accommodation  will  have  to  be  provided  for  married  servants  and  their  fieimilies, 
and  for  unmarried  grooms,  stablemen,  &o.  For  the  unmarried  men  a  well- 
ventilated  dormitory,  divided 

S2  cows 

fteoiMo  eAs$AO£ 

into  cubicles  by  wooden  par- 
titions, and  a  common  mess- 

rtwm,  will  be  a  convenient 
airangement^ 

Though  it  is  not  within  the 
scope  of  this  work  to  enter 
minutely  into  the  wide  and 

ever-^•a^ying  subject  of  farm- 
laildings,  yet,  inasmuch  as, 
in  many  country  houses,  and 
of  course  in  most  farmliouses, 

the  farm-buildings  are  in  close 
proximity  to  the  dwelling- 
boose,  some  mention  of  these 
seems  necessary  to  the  present 
subject 

Tlie  most  important  of  these  buildings  is  the  cow-house.  Cows  are  some  what 
differently  lodged  from  horses.  The  best  form  for  a  cow-house  is  that  shown  in 
Fig.  33.  A  central  passage  with  wide  doora  at  each  end  divides  tlie  cowhouse 
mto  two  parts,  and  the  cows  stand  facing  the  passage.  The  feeding-troughs  are 
fixed  alo;ig  each  side  of  the  passage,  and  above  the  troughs  the  whole  space  is  open. 

f«  cows 

Viff.  S3.— Cow-honae. 
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The  same  conditions  as  to  imperviousness  of  floor  and  walls  apply  equally  to  cow 
bouses  and  stables,  and  tbe  same  system  of  drainage  is  applicable  to  both — one  or 
two  separate  divisions  should  be  arranged  for  cows  with  young  calves,  and  special 
attention  should  be  paid  to  the  drainage  and  ventilation  of  them.  Cows  after 
calving  are  in  a  febrile  and  delicate  condition,  and  need  to  be  carefully  protected 
from  injurious  exhalations. 

Where  a  large  number  of  cows  is  kept,  the  dairy  will  be  an  office  of  some 
importance.  If  it  is  placed  among  the  farm-buildings  care  must  be  taken  to 
keep  it  apart  from  anjrthing  likely  to  be  a  nuisance,  or  to  give  off  unwholesome 
exhalations.  The  dairy  must  be  cool  and  well  ventilated,  but  provided  with 
sufficient  protection  from  extremes  of  cold  and  heat  Tiles,  glazed  bricks,  or 
marble,  are  suitable  materials  for  the  walls  of  a  dairy.  The  floor  may  be  of 
brick,  unglazed  tiles,  stone,  slate,  or  marble.  The  slabs  or  shelves  of  eithei 

slate  or  marble.  It  will  be*  obvious  that  there  is  ample  opportunity  here  for  an 
unlimited  display  of  decorative  taste.  A  room  must  be  provided  adjoining  the 
dairy  for  washing  the  various  vessels  employed.  This  room  must  not  communicate 
directly  with  the  daiiy.  It  should  contain  a  hot-water  copper  for  scalding  the 
vessels. 

Special  attention  must  be  paid  to  the  water-supply  for  the  dairy  and  the  cow- 
house. In  particular,  a  proper  tank,  with  pure  water  laid  on  to  it,  must  be  pro- 

vided for  the  cows,  and  on  no  account  must  they  be  allowed  to  drink  at  a  pond 
which  is  liable  to  be  fouled  in  any  way  by  drainage. 

Pigs  will  invariably  have  to  be  accommodated  wherever  there  are  cows.  The 
piggeries  should  be  constructed  of  brick,  with  slated  or  tiled  roofs,  and  brick  or 
stone  walls  to  the  enclosures.  The  roof  should  be  raised  above  the  top  of  the  walls 
on  short  pieces  of  timber  at  .intervals  of  twelve  or  fourteen  inches,  to  provide  a 
current  of  air  across  the  sty.  The  floors  should  be  properly  paved  with  impervious 

bricks  or  asphalte,  and  the  di*ainage  should  be  as  perfect  as  possible.  Pigs,  though 
not  the  cleanest  of  animals,  need  not  necessarily  be  kept  in  the  state  of  fllth  they 
frequently  are,  and  will  thrive  better  when  kept  clean- 

The  other  appurtenances  of  a  small  farmyard  will  be  a  bam,  poultry-house,  cart 
shed,  and  stable  for  one  or  two  cart-horses^  and  possibly  a  sheep-house  for  sheltering 
sheep  in  severe  winter  weather. 

Of  the  last-mentioned  appm-tenances,  the  fowl-house  is  the  only  one  which  calls 
for  special  comment  here.  It  does  not  solely  pertain  to  houses  to  which  farm- 
buildings  are  attached,  but  will  be  found  in  the  garden  of  a  country  labourer  and  the 

back  yard  of  a  London  artisan,  and  frequently  under  the  most  offensive  and  un- 
healthy conditions. 

"  A  rough  enclosed  shed  is  called  the  fowl-house  ;  it  is  generally  most  properly 
named,  for  anything  more  foul  and  offensive  it  is  scarcely  possible  to  find.  Two  or 

three  old  ash-poles  have  been  nailed  across  haphazard,  generally  most  ingeniously 
aiTanged,  that  the  droppings  of  each  row  of  fowls  shall  fall  on  the  backs  of  those 
below  them ;  a  row  of  dilapidated  boxes  called  nests,  oftentimes  with  the  hay  and 
straw  of  the  previous  year  or  more  left  in,  with  old  shells  of  the  former 
hatchings,  very  often  the  remains  of  a  smashed  retten  eg^  adhering  to  the  straw  ; 
the  hay  or  straw  full  of  vermin.  When  a  hen,  despite  of  all  these  horrent  has  set 

herself,  the  nest  is  so  exposed  that  half  the  other  hens  desirous  of  laying  fight  tJie 
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occupant,  and  incessantly  disturb  her  in  her  process  of  incubation.  Is  it  then  to 
be  wondered  at  that  hens  steal  their  nests,  as  it  is  called,  and  wander  into  the 

hedges  and  rick-yards  and  set  themselves,  and  become  a  prey  to  foxes,  polecats,  or 
weasels  1  No  provision  is  made  for  giving  poultry  clean  water,  and  the  result  is 

the  fowls  drink  the  sewage-water  of  drains,  and  especially  the  drainage-water  from 
the  stables  and  manure-heaps,  than  which  nothing  can  be  more  injurious,  especially 

to  young  chickens,  producing  ''gapes "  and  diarrhoea,  with  other  kindred  diseases. 
As  to  feeding;  I  might  say  starving  is  the  rule,  and  the  bulk  of  the  poultry  may 
get  their  living  as  they  can.  The  only  chance  for  our  poor  feathered  friends  under 

these  circumstances  is  for  them  to  roost  in  the  cart-hovel  and  implement-shed, 
where  they  probably  have  the  satisfaction  of  breathing  pure  air,  and  have  some 
slight  revenge  for  the  neglect  shown  by  contriving  to  smother  the  implements 

beneath  them  with  the  produce  of  the  rick-yards  and  pigsties."  * 
Such  an  anungement  of  fowl-houses  as  that  above  described  cannot  fail  to  have 

injurious  effects  upon  the  health  of  the  persons  frequenting  it;  and  though  elaborate 
and  costly  houses  and  appliances  are  not  to  be  recommended,  yet  the  arrangement 

and  construction  ought  certainly  to  be  more  in  accordance  with  proper  sanitary  con- 
ditiona  The  perches,  which  can  readily  be  made  of  fir  poles  sawn  down  the  centre, 
and  placed  with  the  round  sides  uppermost,  should  be  fixed  on  a  sloping  frame,  so 
that  the  fowls  cannot  by  any  possibility  roost  one  immediately  over  the  other.  The 
place  for  sitting  hens  should  be  in  a  separate  compartment,  where  each  bird  can 
sit  in  undisturbed  comfort  The  nests  should  be  placed  on  the  ground  in  the 

roofiting-house,  and  properly  supplied  with  fresh  hay  or  straw.  The  floor  under  the 
perches  should  be  regularly  cleaned  once  a  week,  and  fresh  sand  or  dry  earth  laid 
down.  It  should  be  remembered  that  the  excrement  of  fowls  is  a  manure  of 

considerable  value.     Finally,  clean  water  should  be  supplied  in  iron  troughs. 

*  Koiet  on  TovXtryhjS,  K.  Fofwler  in  the  ''Guide  to  the  International  Exhibition  of  the  Boyal 
Agricoltnnl  Sodoty,  1879. 
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CHAPTER  X 

INTERIOR  CONSTRUCnOir. — TIMBER-WORK. 

Yarioiu  Kinds  of  Timber— Pine  Wood*— Hard  Woodi— Roofs  and  ihdr  Consiraction— Floon  and  Joisto 
— Sound-proof  Floors— Partitions— Doors— Windoirs  and  Sashes— Skylightt— Shutters — Stairs  and 
Staircases. 

Before  desmbing  in  detail  the  several  parts  of  a  house  which  fall  under  the 
head  of  Carpentry,  it  will  be  convenient  to  give  a  short  account  of  the  various 
kinds  of  wood  used  in  the  construction  and  fittings  of  the  interior. 

All  timbers  used  in  building  belong  to  the  class  known  by  botanists  as 
ExogenSy  or  trees  which  increase  by  outward  growth.  The  cross  section  of  an 
exogenous  tree  exhibits  a  number  of  concentric  rings  round  the  pith,  and  lines  of 
vaiying  thickness  in  different  woods  radiating  from  the  pith  to  the  bark,  and  also 
from  the  bark  towards  the  centre.  The  concentric  rings  are  called  annual  rings,  and 

the  radiating  lines  the  medullaiy  rays  ("  the  silver  grain  "  of  the  carpenter).  With- 

out going  minutely  into  the  construction  of  cellular'  and  vascular  tissue,  it  will  be 
sufficient  for  the  present  piu^xxse  to  describe  briefly  the  mode  in  which  the  annual 

growth  of  a  tree  of  the  kinds  about  to  be  considered  is  attained.  The  prin- 
cipal part  of  the  liquid  food  required  for  its  nourishment  by  a  tree  is  absorbed 

by  the  roots,  and  becomes  part  of  the  sap.  The  sap  ascends  through  the  stem 
and  branches,  and  so  reaches  the  leaves,  where  the  superfluous  moisture  is  exhaled, 
and  carbon  is  absorbed.  The  sap,  very  materially  altered,  descends  again,  but  not 
by  the  way  it  came;  its  downward  journey  being  by  way  of  the  under  side  of 
the  bark,  where  it  deposits  a  layer  of  new  wood.  This  process  is,  as  a  rule, 
performed  once  in  every  year ;  hence  the  term  annual  rings. 

The  inner  layers,  or  "heart-wood,"  are  the  hardest  parts  of  the  stem,  and 
with  the  growth  of  the  tree  increase  in  hardness  and  density.  The  outer  layers, 

through  which  mainly  the  sap  ascends,  are  called  "  sap-wood,"  and  are  softer,  and 
usuaUy  different  in  colour  from  the  heart-wood.  It  is,  as  Mr.  Hurst  remarks,  reason* 
able  to  suppose  that  the  sap-wood,  containing,  as  it  does,  vegetable  matter,  which  is 
eventually  to  be  expended  in  the  nourishment  and  formation  of  leaves  and  budsi 
would  be  more  prone  to  decay  than  the  inner  layers,  up  which  the  sap  does  not 
ascend.  One  of  the  most  important  points  in  selecting  timber  is  to  be  able  to 

recognise  and  reject  sap-wood.  Timber  that  has  by  some  means  or  other  become 
stained  whilst  lying  in  the  water  at  the  docks  presents  a  somewhat  similar  appear- 

ance to  sap-wood.  It  will  be  found,  however,  that  whilst  these  water-stains 
penetrate  irregularly  through  several  rings,  the  sap-wood  is  almost  invariably 
exactly  co-terminous  with  one  of  the  annual  ringa 

Closeness  and  straightness  of  grain,  a  bright  and  glossy  surface,  and  uniform 
colour  are  the  most  prominent  characteristics  of  good  timber. 

The  preceding  remarks  apply  equally  to  all  kinds  of  timber  used  in  building. 
It  remains  now  to  describe  in  more  detail  the  various  kinds  of  timber,  and  for 
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this  puipose  it  will  be  conyenient  to  adopt  the  classificatioii  made  by  IVofeasor 
Bankine  and  Mr.  Hurst.* 

Omittmg  details,  we  find  timbers  divided  into  two  main  groups. 
A.  Pine-woody  or  coniferous  timber  (Oonifens:  Nat  Ord.) — pine,  fir,  larch, 

cedar,  kc  R  Hard  wood,  or  non-conifenms  timber — oak,  beech,  ash,  elm, 
mahogany,  walnut^  Ac 

Of  these  two  classes,  the  firsts  including  as  it  does  all  timber  known  to  the 
caipenter  under  the  general  terms  of  deal  or  fir,  is  bj  far  the  more  important 
to  the  subject  under  consideration. 

The  special  characteristics  of  fir  timber  are  thus  described  by  Professor 

Bankine: — "Fir-wood,  or  coniferous  timber,  in  most  cases  contains  turpentine. 
It  IB  distiugniflbed  by  stndghtness  in  the  fibre  and  regularity  in  the  figure  of 
the  trees :  qualities  faTOurable  to  its  use  in  carpentry,  especially  where  long 
pieces  are  required  to  bear  either  a  direct  pull  or  a  transrerse  load,  or  for 
poiposes  of  planking.  At  the  same  time,  the  lateral  adhesion  of  the  fibres  is 
Bmall,  80  that  it  is  much  more  easily  shorn  and  split  along  the  grain  than  haid 
▼ood,  and  is  therefore  less  fitted  to  resist  thrust  or  shearing  stress,  or  any  kind 
of  stress  that  does  not  act  along  the  fibres.  Even  the  toughest  kinds  of  fo-wood 

are  easily  wroughtw^t 
The  most  valuable  tree  of  the  coniferous  class  is  the  Northern  Pine  (Finut 

tylve8ir%8),  or  Scotch  Fir.  The  best  fir  timber  imported  into  this  country  is 
grown  in  Bussia  and  Prussia^  and  takes  its  name  from  the  ports  whence  it  is 
shipped.  Architects  usually  specify  that  the  fir  timber  shall  be  Riga,  Ohristiania, 
Dantac,  or  MemeL  Of  these,  Ohristiania  yellow  deals  are  considered  to  be  the 
best  Fir  timber  is  also  imported  in  large  quantities  from  Norway  and  Sweden, 
bat  o£  a  much  inferior  quality.  Exception  must^  however,  be  nuule  in  favour 
of  the  best  class  of  Gefle  deala  The  inferior  qualities  of  Gefle  deals  are 
like  the  majority  of  Swedish  timber,  coarse,  full  of  knots,  and  sappy. 

Pitch  Pine  (Pinua  rigida)  is  often  exceedingly  handsome  in  the  grain,  and 
has  been  very  largely  used  for  ornamental  work  on  that  account.  It  is  very 
foH  of  resinous  matter,  which  conduces  materially  to  its  durability,  but  makes 
it  difficult  to  work.    Workmen  dislike  it  because  the  resin  dogs  their  tools. 

White  Fir,  or  Spruce  {Abie$  exeelaa),  commonly  known  as  White  Deal.  This 
is  a  Goltwood,  and  easily  worked,  but  very  inferior  in  strength  to  either  of  the 
for^^oing  woods.  It  is  only  fit  for  the  inferior  kinds  of  joinery,  table  and  dreeser 
tope,  and  packing-cases. 

American  Red  and  Yellow  Pine  are  woods  of  much  inferior  quality  to  Baltic 

timber.  The  former  is  almost  entirely  used  for  veneering.  The  latter  is  an 

excellent  wood  for  joiners'  work,  but  appears  not  to  be  well  adapted  for  the 
Sogtish  dimate.     It  is,  moreover,  subject  to  dry  rot 

Several  varieties  of  spruce  timber  are  imported  from  America,  and  resemble 

'^  appearance  and  quality  that  from  the  Baltia 
The  Larch  (Larix  europea)  is  a  remarkably  tough  and  durable  wood.  It 

^  a  valuable  wood  for  palings  and  fences,  also  for  stairs  and  floors  which  have 
to  wiihstond  very  much  wear. 

•  Tndgold'i  "  Carpentiy/'  edited  by  J.  T.  Hunt,  1875. 
t  BanUne:  *'Chra  Bngineeriog/'  p.  440. 
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A  few  other  yarieties  of  the  ooniferons  tribe  are  occasdonallj  used  for  joiners' 
work,  sach  as  the  Cedar,  Cypress,  Oregon  Pine,  and  others.  They  do  not,  however, 
call  for  any  particular  description  hera 

The  second  division,  or  timber  of  the  hard  wood  kin<l,  is  thus  describt^d  by 

Professor  Rankine : — ''  In  hard  wood,  or  non-coniferous  timber,  there  is  no  tiu^ 
pentine.  The  degree  of  distinctness  with  which  the  structure  is  seen,  whether 

as  regards  medullary  rays  or  annual  rings,  depends  upon  the  degree  of  texture 

of  different  parts  of  the  wood  Such  difference  tends  to  pi-oducc  unequal  sluink- 
age  in  drying,  and  consequently  those  kinds  of  timber  in  which  the  medullaiy 
rays  and  the  annual  rings  are  distinctly  marked  are  more  likely  to  warp  tbau 
those  in  which  the  texture  is  more  uniform.  At  the  same  time,  the  former 
kinds  of  timber  are,  on  the  whole,  the  more  flexible,  and  in  many  cases  are  very 
tough  and  strong,  which  qualities  make  them  suitable  for  structures  that  have  to 

bear  shocks."* 
First  in  point  of  utility  among  the  hard-wood  timbers  comes  Oak.  A  close 

grain,  with  small  pores,  a  light-brown  colour,  and  glossy  surface,  are  characteristics 
of  sound  oak  timber.  A  reddish  colour  and  large  open  pores  are  signs  of  decay. 

In  properly-ventilated  positions  oak  will  last  for  an  almost  indefinite  period.  Gwilt 
affirms  that  it  has  been  ascertained  to  have  lasted  for  nearly  a  thousand  years. 
Most  of  the  elaborate  and  beautiful  roofs  of  the  fourteenth  and  fifteenth  centuries, 
of  which  those  of  Westminster  Hall,  Eltham  Palace,  and  Hampton  Court  Palace 

are  well-known  examples,  are  of  English  oak.  It  is  particularly  useful  for  window- 
sills,  half-timber  framing,  gate-posts,  and  in  exposed  situations.  In  the  larger 

kinds  of  houses  it  is  used  for  joiners'  work,  such  as  panelling,  doors,  stairs,  and 
floors.  Pollard  oak  is,  from  its  rich  and  varied  grain,  very  useful  as  a  decorative 

wood.  The  best  quality  of  oak  is  that  grown  in  this  country,  and  the  pre-eminenod 
is  usually  allowed  to  oak  of  Sussex  growtL  Several  different  kinds  of  oak  are 
imported  from  abroad;  of  these  the  wood  known  as  wainscot  is  the  most 
important.  It  is  a  softer  wood  and  more  easily  worked  than  English  oak,  and  is 
particularly  suitable  for  purposes  of  joinery. 

Teak — sometimes  called  Indian  oak — is  a  darker  and  heavier  wood  than  oak 

It  is  also  straighter  and  more  uniform  in  the  grain,  and  stronger  than  oak.  The 

best  quality  is  that  from  Moulmein.  It  is  lai^ely  employed  in  ship-building  and 
for  railway  carriages,  but  the  cost  prevents  its  general  adoption  in  building.  Its  use 
for  treads  of  staircases  is,  however,  becoming  more  frequent 

Elm  was  formerly  much  used  for  joists  and  floor-boards,  but  has  fallen  into 
disiuie  on  account  of  its  liability  to  decay.  It  is,  however,  useful  for  the  curbs 

of  mangerS)  and  for  kicking-boards  in  stables,  and  also  for  piles.  Ebn  has  also  in 
a  very  remarkable  degree  the  property  of  durability  under  water.  Several  of  the 
piles  under  old  London  Bridge,  which  had  been  in  position  some  six  or  seveu 
centuries,  were  found,  when  the  new  bridge  was  being  built^  to  be  perfectly  sound 
{vide  Tredgold  by  Hurst^  p.  357).  A  more  remarkable  instance  of  the  durability  of 
timber  under  water  is  that  of  the  piles  of  the  bridge  built  by  the  Emperor  Trajan 
across  the  Danube.  One  of  these  piles  on  being  taken  up  was  found  to  be  petrified 
to  the  depth  of  threeH][iiarters  of  an  inch ;  the  rest  of  the  wood  was  in  its  natural 
state^  though  it  had  been  submerged  more  than  1,600  years. 

•  BanUne:  « CivU Engineeriii&'' p.  4i0. 

i 
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Maliogany  is  of  two  kinds :  Hondnras  and  Spanish.  Honduras  malioganj  comes 
from  Central  America,  and  is  lighter  in  colour  and  coarser  in  texture  than  Spanish. 
Cuba,  or  Spanish  mahogany,  comes  from  the  island  of  Cuba,  and  is  distinguished  hy 
the  extreme  beauty  of  the  figure  or  grain.  In  building,  mahogany  is  used  for 
handrails,  doors,  sashes,  and  other  interior  work.  It  is  not  suitable  for  constructive 
joineiy,  nor  for  exterior  work  of  an  exposed  nature. 

Walnut  is  a  useful  wood  for  panelling  and  decorative  work.  The  best  kind  is 
that  imported  from  America. 

The  foregoing  are  the  woods  most  generally  in  request  for  constructive  and 
decorative  purposes ;  some  other  woods  there  are  which  are  occasionally  used,  as,  for 
iustanos  maple,  satin-wood,  ebony,  and  box-wood.  These  are,  however,  useful 
solely  for  their  decorative  qualities,  and  do  not  require  any  further  description  here. 

The  various  marks,  or  brands,  which  are  seen  on  the  ends  of  most  kinds  of  timber 

refer  sometimes  to  the  quality  of  the  timber,  sometimes  merely  to  the  cubical 
contents.  These  marks  are  liable  to  be  chauTed  from  year  to  year :  being,  in  fact,  as 
a  role,  the  private  marks  of  th«  merchant  who  exports  the  timber.  Except  to  those 
practically  acquainted  with  the  trade  and  its  customs,  these  marks  are  really  no 
guide  in  the  selection  of  timber. 

Certain  precautions  are  necessary  to  protect  even  the  best  possible  quality  of 
timber  from  rot  and  decay  after  it  is  placed  in  the  position  it  is  intended  to  occupy. 
Damp  walls,  want  of  air,  immediate  contact  with  mortar,  damp  earth,  or  vegetable 
mould,  but  worst  of  all,  alternations  of  damp  and  dryness,  or  moisture  attended  by 
heat,  all  tend  sooner  or  later  to  produce  decay  in  some  form  or  other.  To  counteract 

this,  it  is  necessary  to  adopt  the  following  precautions  : — ^The  ends  of  all  timbers 
resting  on  walls  should  have  a  clear  space  of  air  round  them,  with  provision  for 

Tentilation  by  means  of  perforated  bricks.  The  larger  timbers,  girders,  tie-beams, 
and  the  like,  should  rest  on  stone  templates,  and  the  smaUer  joists  for  floors  and 

ceilings  on  hoop-iron  bond,  laid  on  a  course  of  bricks  in  cement.  This  latter  arrange- 
ment is  an  excellent  substitute  for  the  old  system  of  wall  plates,  which  are  so  liable 

to  decay.  Cradles  of  burnt  fire-clay  are  also  made  for  the  pui'pose  of  receiving  the 
ends  of  timbers,  and  if  proper  provision  be  made  for  ventilation,  are  excellent  things 
for  the  purposa  The  cavity  under  the  joists  of  the  lowest  floor  should  be  deep 

f^Qough  to  allow  of  spaces  beings  left  in  the  sleeper  walls  to  form,  in  conjunction  with 
the  air-bricks  in  tho  external  walls,  sufficient  currents  of  air  to  ventilate  the  joists. 

Tiie  ends  of  oak  posts  which  are  to  be  driven  into  the  gi'ound  should  be  either 

^^Jiarred  or  treated  with  some  such  process  as  that  of  Sir  William  Burnett,  which 
consists  of  steeping  the  wood  in  a  solution  of  one  pound  of  chloride  of  zinc  to  four 
gallons  of  water.  It  is,  however,  of  little  use  to  char  any  but  well-seasoned  timber. 

^Jharring  applied  to  groen  timber  only  closes  up  the  moisture  and  sap,  and  prevents 
evaporation.  Painted  floor-cloths  are  particularly  injurious  to  wood  floors,  by 
coufining  the  moisture,  and  preventing  the  access  of  air. 

Under  certain  conditions  it  is  absolutely  necessary  to  adopt  some  method  to 

preseire  timber  from  decay,  and  the  attacks  of  insects  or  boring  mollusca.  In 
Holland,  for  instance,  where  whole  towns  are  built  on  wood  piles,  it  is  a  matter  of 

^ital  importance  to  secure  the  wood  from  the  attacks  of  the  "teredo  navalis,"  or 
ftMp  ▼orm.  But  circumstances  of  this  nature  will  rarely,  if  ever,  occur  in  this 

canity,  and  the  old  rule  of  "  prevention  is  better  than  cure  "  holds  good  in  this 



103  OUB   HOHBS. 

case.  WeU-seuoned  timber,  property  ventiUted,  is  wW  ia  needed.  Having 
serared  thi*,  we  Deed  be  at  no  paiiu  to  adopt  any  praroitiTe  proccn. 

Tie  various  applicatiotu  of  timber  to  tiie  d^erent  parts  oi  tlie  interior  of  tlie 
houM  irill  now  be  considered. 

Jiwif$. — Several  different  forms  of  roof  are  used  in  domestic  building ;  dioae  most 

freqnenUj  employed  will  be  found  in  the  folloviof;  list : — 

f^g:  S4. — ■•  Lean-tc^"  u  its  name  implies,  has  only  one  ali^ie,  which  leans  against 
a  vertical  wall. 

Fif.  SI.-Leu-ta  Soot 

Hg.  35. — "  H,"  or  "  ridge-and-f arrow  "  roof,  is  formed  by  two  triangular  roofi 
ude  by  side. 

Fig,  36. — ^"V"  root,  formed  by  two  dopes  or  leon-to  roofs  meeting  in  a  gutter, 
the  alopes  resting  against  the  party  walls. 

Fig.  37. — "  Curb,"  or  "  Mansard  "  roof,  in  which  the  apex  of  a  steep-pitohed  tri- 
angular roof  b  cut  off  and  replaced  with  a  triangle  of  much  flatter  pitch. 

The  above  are  the  forms  of  roofs  most  OBually  employed  in  dwelling-nouses ; 
there  are,  besides,  fiat  roofs  and  roofs  of  ogee  shape.  These  latter  are  rarely 
employed,  and  only  for  roofs  of  turrets. 

The  simplest  form  of  roof  is  that  known  as  a  "conple"  roof  (Fig.  38).  His 
consists  only  of  two  rafters  fixed  at  the  required  pitch  or  inclination,  and  fastened 
at  the  feet  to  a  plate  embedded  on  the  top  of  the  wall,  while  tiieir  heads  are  ̂ ther 

halved  and  pinned  together  or  nailed  to  a  ridge-board.  The  obvious  tendency  of  snch 
a  roof  as  this  is  to  spread  at  the  foot  and  thnist  out  the  walls.  The  remedy  for  this 

is  to  be  found  in  fixing  across,  from  rafter  to  rafter,  a  light  beam,  called  a  "  collar."  Ilus 
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It(.  3(.-"V-XcMl 

F^.  93.— Bklga  ind  Futot  Boot. 

Tit.  3S.-G0npl«  Koot 
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beam  serves  as  &  tie  to  hold  the  rafters  together,  and  prevent  them  from  thrusting 

out  the  walls.  For  roofs  of  a  span  of  ten  to  fifteen  feet  this  is  all  that  is  needed. 

In  manj  instanceB  the  collar  may  conveniently  be  made  to  serve  the  purpose  of  a 

ceiling-joist  also. 

For  roofs  of  from  fifteen  to  twenty  feet  span  a  tie-beam  should  be  used.  This  ia 
a  beam  placed  horizontally  from  wall  to  wall,  the  nifters  being  fixed  thereto,  and 

the  beam  being  also  notched  down  on  to  the  plate  :  the  whole  ia  well  tied  together, 

and  any  tendency  to  thrust  out  the  walls  is  counteracted.  When  the  extra  weight 

of  a  ceiling  is  added,  it  is  sometimes  a  wise  precaution  to  fix  a  slight  rod  from  the 

litlge  to  the  ceuti«  of  the  tie,  to  give  support  in  the  weakesC  parL 

Where  a  greater  span  than  twenty  feet  has  to  be  covered,  it  becomes  neceasaiy 

to  provide  additional  support  both  to  the  rafters  and  the  tie-beam.     This  is  done  by 

the  aid  of  a  "truss,"  the 
simplest  form  of  which  ia 

that  called  a  "  king-post 

truss  "  (Fig,  39).  By  means 
of  the  principals,  c  c,  and 

the  king-post,  b,  the  beam  a 

ia  supported  or  tiiissed  at 
its  weakest  point,  the  centre. 

The  principals  are  also  sup- 
ported in  their  turn  by 

struts,  D  D,  from  the  king- 

post The  feet  of  the  com- 
mon rafters  are  notched 

on  to  the  pole-plates,  a  n, 

while  additional  support  is 

afforded  in  the  centre  by 

Fif .  w.-Eiii(-port  Tnn.  [(urlins,  E  E,  which  nm  fi-om 
truss  to  truss.  The  king- 

post is  continued  up  past  the  principals  to  give  support  to  the  ridge-piece,  a, 
against  which  the  heads  of  the  common  rafters  abut  For  all  ordinary  domestic 

purposes  such  a  roof  as  this  will  be  found  sufficient 

For  spans  of  thirty  feet  and  upwards,  trusses  of  somewhat  more  complicated 
oonstniction  ore  required.  As,  however,  such  spnos  are  mrely  used  in  onlinury 

domehtic  houHcs,  and  as,  moi'eover,  the  principle  of  framing  and  support  is  the  suiuc, 
whatever  si)an  is  requii-ed  to  be  covered,  it  will  not  be  necessary  to  enki^gc  further 
on  this  subject. 

Where  the  roof  ia  intended  to  be  shown,  as  in  tlie  case  of  a  lai;ge  hall  of  a 
mansion,  in  billiard-rooms,  or  in  other  positions,  ̂ ^oua  forms  of  a  mora  or  less 
omamenbU  nature  are  used.  Among  these  may  be  mentioned  curved  collar-beams 

and  braces,  turned  tie-beams  and  king-poets,  and  roofs  of  the  hammer-beam  kind. 
These  last — a  well-known  example  of  which  is  the  roof  over  Westminster  Hall— aro 

weak  ill  construction,  and  it-qiiiie  to  lie  aup|Xirted  extcrimlly  by  iiiiissive  buttresses. 

J-'loors. — The  simpleNt  form  of  floor  consists  of  a  row  of  beams,  or  "Joists," 
varying  in  thickness  and  deptit  with  Uie  widtli  or  "  bearing  "  between  the  walls  on 
wLicli  Uiey  are  supported.     To  tlie  upper  sides  of  these  joists  the  floor-ljOiirdiug  ia 
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imleJ,  and  to  the  under  side  the  kths  which  carry  the  ceiling  are  kflSxed.  These 

joists  shoiild  not  be  placed  at  a  greater  distance  than  fifteen  inches  from  centre  to 

centre.  Where  the  distance  between  the  auf^rting  walls  is  as  much  as  fifteen  feet, 

it  ia  nsual  to  pat  girders  of  either  wood  or  iron  at  interrals,  and  to  suppCHt  the 

rir.  {O.— Doabl*  Odot  JolrtL  F^.  <!.— Henios-boni  Strntting. 

joists  on  the  girdeis.     A  better  kind  of  floor  is  what  is  known  as  a  "  double  floor." 
In  this  floor  there  are  two  sets  of  joists,  tlie  lower  set  being  smaller,  and  used  solely 

to  support  the  ceiling  ;  hence  called  "  ceiling-Joists."   The  advantHges  of  tliis  kind  of 
floor  are  that  the  ceiling,  being  supported  independent!}'  of  the  floor-joists  above,  is 
not  liable  to  be  jarred  by  the  traffic  overhead,  and  that  the  connection  between  the 

cnling  and  floor  being  broken  by  the  space  between  the  two  sets  of  joists,  sound 

from  above  is  not  so  audible  as  where  the  floor  is  single.     The  joists  in  a  double  floor 

are  supported    on    trHnsverse 

beams,  called  binders.     In  tlie 

unneied  illustration  (Fig.  40), 

B  id  the  binder,  r  J  the  floor- 

joists,  and  c  3  the  ceiling- joists. 

'fLe  floor  of  a  room  in  the  base- 

iDPDt  Rtorey,  or  on  the  ground- 
level  where  there  is  no   bose- 

ntent,    is    formed    with   small 

joiats  laid  on  "  sleei>ers  " — oak 
plates,    generally   four    inches 

'■']iLare   and    laid    four  to  five 

f«t  itpart    on     dwarf    walls. 

TliL-se  uak  ideepent  are,  in  order 

to  euore  thorouglily-seasoned 

wood,  generally  specified  to  be 

of  ship  oak.  ^'-  «■— Trtnualag  Jolrt. 

Cross  pieces  of  wood  are 

freinpntly  fixetl  between  the  joists  thus  (Fig.  41),  with  a  view  to  strengthen  and 

incna.!*  the  rigidity  of  the  whole  floor.  This  in  culled  "  heri-iiig  hone  sti-ufting." 

It  cannot  be  said  to  very  gi'eatly  assist  the  bearing-power  of  the  floor,  and  is  too 

fw|aently  bat  a  feeble  adjunct  to  a  feeble  floor.  A  better  kind  of  sti-utting 

is  that  known  as  "  solid  stnittiug."  In  place  of  the  crossed  struts,  a  solid 
ptew  of  wood  about  an  inch  thick  is  placed  between  each  jui'^t,  nnd  i.n  i.oii  rod 
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placed  alongside  it  and  passed  tfarongh  the  vLol«  tier  of  joists.     When  tlie  Door 
boa  settled  down  into  its  place,  this  rod  is  bolted  up  tight. 

Wbere  fireplaces  and  flues  occur  la  the  wall  on  which  the  ends  of  joisbi  rest, 
it  is  neceasaiy  to  adopt  some   plan  hj  which  the  ends  of  the  joists  are   kept  a 
sufficient  distance  from  the  flue,  or  chinmey-opening.     Fig.  42  shows  the  method 

of  doing  this :    a  a  ai-e  the  t^vo  joints,  called  "  triiuming-joists,"  which  come  on 
either  side  of  the  chimney-bi'east,  or  projection  for  the  fireplace;   into  theec^  at 
a  sufficient  distance — generally  18  inches — fvosa  the  fireplace,  is  fixed  a  short  piece, 

called  the  trimmer,  which  giv*es  support  to  the  joists  between  a  a.    The  trimmer  also 
6er\es  to  support  the  brick  arch 
which    is    formed    to  cany  the 
hearUi.     It  is  also  necessary  to 

"  trim "    joists     in     a     similar 
manner  where  trap-doors  occur, 
and  on  landings    of   staircasee. 
Trimmers   and   the  joists    into 
which  they  are  trimmed  should 
always   be     somewhat     thicker 
than  the  ordinary  joists. 

Fig.  43  shows  the  proper 

method  of  constructing  a  double- 
framed  floor  when  it  is  not  de- 

sired to  show  the  girder  below 
the  ceiling-leveL  q  is  the  girder. 

He.  tt-  Doabl*-tau»  Ytout.  B  the  binder,  c  C  the  notches  to 
receiye  the  floor-joists,  c  J  the 

odling-joists.  The  iron  stimtp  wblcb  holds  the  binder  on  either  side  of  the  girder 
obviates  the  necessity  for  cutting  into  the  girder  and  tenoning  the  binder  into  it> 
The  girder  is  thus  left  intact,  snd  consequently  much  stronger. 

Floor-boarding  is  of  many  kinds,  varying  from  the  rough  boarding  for  bama 
and  lofts  to  the  most  elaborate  parqueti^.      The  simplest  form  of  flooring  (after 

tiie  "rough"  boarding  just  mentioned)  con- 
sists of  deal  boards  7    inches  wide,  planed 

on    one   side   and   both    edges,    and     nailed 

down   to   the    joists    as    close    together    aa  ' 
they  will  go      A  floor   of  this  kind  is  gene- 

rally laid   by   a   process    technically  known 

as  folding.     The    method    is    as  follows : — 
When   tlie   whole    of    the    boards  destined 
for   the    room  are  laid    down,    it  is   found 
that  two    of    them    incline   to    each    other 

at  an  angle,  thus  (Fig.  44).     The  carpenter  Fic.  u.— Floor bmr^ng- 
then   places   a    board    transversely    on  the 

upper  edges    of  these   two    boards,    and  jumps    on   the   transverse  board    until 
he  has  forced  the  two  boards  into  a  hoi-izontal  position,  and  thus  has  the  whole 
floor    level      This  very  primitive  process  over,  he  can  proceed  to  nail  down  his 

)r.     In  better  kinds  of  floors  an  instrument  known  as  a  floor-dog  is  used. 
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b;  mmiB  of  which  each  board  is  held  finnly  in  its  position  whilst  it  i>  being 
muled. 

In  all  floon  which  are  ceiled  undemeath,  meana  should  be  taken  to  prevent 

dost  or  paiticlea  of  any  kind  fiom  falling  between  the  boards.  Any  accumula- 

tion of  organic  matt«r  on  the  upper  surface  of  the  plaster  ia  certain  to  decom- 

pose. Tba  ceiling  being,  moreover,  always  more  or  less  porous,  these  particles 

gradually  work  their  way  to  the  nndw  surface,  and  produce  a  stained  appearance, 

which  no  amount  of  whitewashing  or  scraping  will  remove. 

The  osoal  method  of  preventing  this  is  to  form  what  is  called  a  ploughed 

and  tongued  floor.      Ftg.  45  sbows  a  floor  of  this  kind.      £ach  board  is  grooved 

Vis.  4S.-ToiirnBd  FlocB.  Fig.  U.-BeUle  ud  FUlrt. 

OD  each  edge,  and  thiu  Btip«,  or  tongues,  of  either  iron  or  wood  are  inserted.  If 

of  iron,  the  tongue  should  be  galvanised.  The  tongue  should  be  fixed  nearer  to 

tie  lower  edge  of  the  board  than  to  the  upper,  bo  that  as  much  wear  as  possible 

can  be  had  out  of  the  floor  before  the  tongue  is  exposed.  Another  method  of 

Attaining  the  same  object  is  what  is  known  as  rebating  and  filleting  (Fig.  46).  A 

"rebate  "  is  cut  on  the  lower  edge  of  each  board,  and  a  fillet  of  oak  or  some  othur 
hard  wood  fixed  in  the  space  thus  formed.  For  superior  wor)^  a  dowelled  floor 

has  Uie  advantage  of  showing  no  nails  on  the  surface.  The  boards  are  pinned 

together  between  the  joints  with  oak  pins,  and  nailed  obliquely  oa  one  edge 

only  (Fig.  47.)  Dowelled  boards  should  not  be  more  than  3  inches  wide,  and 

not  less  Ulan  1 1  inches  tliit^  when  floished. 

An  upper  layer  of  thin  oak  boards  is  sometimes  fixed  over  a  rough  deal  floor, 

for  the  sake  of  appearance,  and  also  in  some  cases  to  obtain  an  almost  impervious 

Rirface.  A  floor  of  this  kind,  WBs-iX)lished  and  well 
laid,  u  much  to  be  commended  for  the  ease  with  which 

it  can  be  cleaned,  and  its  non-absorbent  nature. 

He  points  of  contact  between  the  ends  of  two  floor-  ■ 

boards  are  called  heading-joints.  These  joints  sboidd 
always  be  arranged  to  occur  over  a  joist^  and  contiguous  ; 

boards  should  bava  their  heading  joints  on  diflerent  n 

joista  This  is  called  "  breaking  joint."  The  actual  J 
joint  is  madi*  in  different  manners.  In  common 

Soon  the  boards  simply  butt  up   against  each  other  ;  Tit.  47.— Placed  Floor. 

JQ  better  work    tlie  lieadiug-joints  are   splayed  as  in 

Eig.48.  Sometimes  the  heading-joints  are  grooved  and  tongued  in  a  similar  fashion 

to  the  longitadinal  jointa  described  above.      In  very  expensive  work  the  "  ends 
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of  the  boards  are  cut  into  a  aeries  of  thup,  salient,  and  re-entering  notches, 
whose  ridges  are  parallel  to  the  surface  of  the  floor.  These  notches  fit  one 
another,  and  form  a  tight  joint.  Such  joints  are  sometimes  used  in  oak  floors, 
they  are  extremely  troublesome  and  expensive  to  make,  and  the  point  nearest 

the  surface  of  the  floor  is  very  liable  to  break  away  even 
'   '  -     -  in  hard  wood."* 

The  following  reqiarks  will  be  found  applicable  to  all 
sorts  of  floors.  The  joists  should  always  be  laid  across 

the  narrowest  pai-t  of  the  room,  and  girders  and  binders 
should  be  so  arranged  as  to  take  a  bearing  on  a  solid 
pier  or  wall,  and  not  over  door  or  window  openings. 
In  cases  where  a  long  distance  has  to  be  traversed  by  a 
joist,  and  it  is  supported  by  one  or  more  girders  in 
the  length,  it  should  be  made  as  long  as  postiible.  By 
this  means  the  strength  of  the  joist  is  greatly  in* 

ng.  48.-~SpiaTad  Joint.         creased,  as  also  is  its  usefulness  as  a  tie  to  the  walls. 
Flooring-boards  should  be  cut  and  prepared,  and 

stacked  in  the  open  air,  with  free  ventilation  all  around,  with  proper  protection 

from  wet,  for  as  long  a  period  as  possible  before  they  are  i-equired  for  use.  "WTiei-e 
such  an  arrangemeut  is  possible,  it  is  well  to  have  the  boards  laid  down  in  the 
position  tliey  are  to  occupy  for  some  months  before  tliey  are  finally  muled. 

Two  other  forms  of  wood  floor  remain  to  be  noticed.  The  first,  which  is  & 
purely  decorative  addition  to  an  ordinary  floor,  consists  of  inlaid  pieces  of  oak  and 
other  woods,  and  is  known  as  par- 

quetry. The  patterns  are  usually 
prepared  in  square  slabs  about  |  inch 
in  tbicknesG,  and  there  is  scarcely 
any  limit  to  the  elaboration  of  design 
to  which  this  form  of  floor  is  sus- 

ceptible. The  second  kind  of  floor 
is  that  fonned  of  wood  bricks,  gene- 

rally 10  inches  long,  3  inches  wide, 
and  of  thicknesses  varying  from 
J  inch  to  1^  inch.  These  bricks  are 
laid  in  a  mixture  of  tar  and  asithalte 
on  a  stratum  of  concrute.  This 

system   makes  a  very  durable  kind 
of  floor,    and    the    appearance    can  Pij.  ift—Sonnd-proot  Floor. 
be  varied    at    a  very   slight   addi- 

tional cost     Wood  brick  floors  with  xuv  end  grain  upwards  are  also  sometimes 
used,  but  are  not  so  easily  cleaned,  and  are  very  readily  stained. 

It  is  often  desirable  to  prevent  the  sound  from  one  room  being  audible  in 
another  room  immediately  below.  One  method  of  efTecting  this  is  to  fix  on  fillets 
nailed  to  the  joists  a  layer  of  rough  boards,  and  to  fill  in  on  the  top  of  these  boards 
a  stratum  of  Huio  and  hair  mortar  (Fig.  49).  Slag  felt,  a  preparation  of  slag  wool, 
which  is  a  material  produced  by  blowing  off  waste  steam  into  the  slag  of  iron 

*  "NotMOD  Building  CoDitractiou,"  Fart  L,  p.  9C. 
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fnrD&ces,  is  also  used  for  this  purpose,  imd  is  sold  to  have  a  remarkable  power 
of  deadening  sonnd.  In  the  case  of  the  shig  felt  the  process  is  as  follows : — 
On  ̂ e  under  side  of  the  Joists  fillets  are  nailed  to  wooden  blocks  one  inch 
thick,  and  to  theee  fillets  the  lathing  for  the  plaster  ceiling  is  affixed.  The 
■lag  wool  is  then  laid  on  the  upper  surface  of  the  laths,  and  is  felted  bj  a  patent 
procesa.  It  is  claimed  by  the  inventor  that  his  process  of  felting  removes  entirel; 
the  proper^  which  the  slag  wool  possesses  of  emitting  sulphuretted  hydn^en, 
and  also  of  reducing  in  a  very  remarkable  manner  tlie  weight  of  die  material 
Both  of  these  materials,  being  fireproof  are  to  be  preferred  to  sawdust  and 
other  combustible  materials  sometimes  used.  Another  means  of  atUuning  the 
desired  end  is  to  nail  strips  of  felt  on  the  upper  edges  of  the  joists,  under  the 
fioor-boards.  By  this  means  the  connection  between  the  joista  and  boarding  is 

broketL  This  arrangement,  as  Mr.  Stevenson"  points  out,  creates  some  difficulty  in 
fixing  the  boards,  which  can  be  overcome  by  nailing  a  lath  along  the  top  of  the  felt, 

PartUion*. — In  order  to  economise  space,  the  dividing  walls  between  rooms 
are  often  formed  of  wooden  framing  plastered  on  each  aide,  the  whole  thickness  of 
which,  including  plaster,  is  six  inches  as 
against  eleven  inches,  the  thickness  of 
a  nine-inch  wall  when  plastered.  In 
forming  these  partitions  it  is  necessary  to 
giurd  against  settlements,  which  result, 
of  course,  in  cracks  in  the  plaster  and 
comicea  To  accomplish  this,  partitions 
should  be  suspended  in  the  manner  shown 
in  fig.  fiO.  The  ends  of  the  partition  are 
carried  on  the  main  walls,  and  the  whole 

piece  of  framing  forms,  in  fact,  what  is  known  as  a  "  truss."  Any  settlement 
occurring  in  the  outer  walls,  providing  they  are  of  equal  height,  will  carry  the 
partition  down  bodily,  and  no  injury  will  be  done  to  plaster,  ceiling,  or  cornice. 

Skirting  and  Dadoa. — The  strip  of  wood  which,  of  varying  height  and  degrees 
of  moulding,  is  fixed  around  the  walls  of  a  room  immediately  above  the  floor, 
is  called  the  skirting,  and  when  above  this  again  the  walls  are  panelled  to  a 
height  of  three  or  four  feet  or  more,  the  whole  is  called  a  dodo.  Some  sort 
of  ikirting  is  always  necessary  when  the  walls  of  a  room  are  plastered,  in  order 
to  make  a  neat  finish  between  the  plaster  and  floor-boards.  It  is,  however, 
fsT  better  to  form  the  skirting  in  cement  than  in  wood.  Whichever  material 

is  used,  the  projection  and  mouldings— ezoept,  of  course,  where  elaborate  work  is 
a  necessity — should  be  as  slight  and  simple  as  possibla  The  most  satisfactory 
fona  of  dado  and  skirting  would  be  glazed  encaustio  tiles,  with  marble 
monldingB  or  marble  inlay  throughout.  These  are,  however,  costly  materials, 
snd  quite  out  of  the  question  where  expense  has  to  be  considered.  Another 
method  of'  panelling  which  can  be  applied  with  ease  to  large  surfaces  of  walls 
is  to  cover  the  walls  with  thin  veneers  of  wood,  applied  in  the  same  way  as 

paper-hangings;  wooden  mouldings  can  then  be  affixed  to  form  the  panels  in  any 
way  required.     A  surface  is  thus  obtained  which  is  durable,  cheap,  and  washabl& 

DiKm.   The  simplest  form  of  door  is  the  ordinary  four-panel   square   door, 
•  "  "Smm  ArdUteotore." 
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incb  as  b  commonly  used  for  Ber^-anta'  offices,  bed-rooms,  and  the  like.  Th« 
more  elaborate  forms  of  doors  are  realty  developments  of  this  elementary  type 
of  door  by  the  addition  of  panels,  mouldings,  and  other  ornamental  featnrea 
which  it  is  not  neoessary  here  to  describe.  The  construction  of  doors  will  be 
readily  understood  by  a  reference  to  Fig.  51.  The  top  rail,  middle  rail  or  lock 
rail,  and  bottom  rail  aro  all  tenoned  into  the  styles,  whilst  the  muntings  are 
tenoned  in  a  similar  way  into  the  rails.  It  will  be  noticed  that,  besides  the 
mortices  in  the  styles  and  muatinjiis,  there  aiv  also  vertical  grooves,  into  which 
the  panels  are  inserted.  It  will  thus  be  seen  that  if ,  in  a  properly  constracted 
door,  the  parte  should  shrink,  there  is  no  possibility  of  daylight  showing  through 

the  cracka  The  middle  rail  has  two 
tenons,  and  on  the  side  on  which 
the  lock  is  inserted  the  tenons  are 

four  in  number,  to  allow  the  lock 
to  be  fixed  without  cutting  the 
tenons.  The  donble  tenons  are  to 

avoid  cutting  so  large  a  mortice  in 
the  style  as  a  tenon  tha  whole 
depth  of  the  rail  would  requiret 
The  door  is  put  together  with 
wedges  driven  in  on  each  side  of 
the  tenons.  It  will  perhaps  give 
some  idea  of  the  amount  of  labour 

involved  in  making  an  ordinaiy 

fbur-panel  moulded  door  if  it  is 
mentioned  that,  without  counting 

ns.  5L— CoBitrnetloiiofDDan.  the  wedges,  it   contains   forty-three 
separate  pieces  of  wood.  Doors 

ought  to  be  framed  together,  and  left  to  season  for  as  long  a  time  as  possible, 
before  they  are  required  to  be  fixed.  When  the  time  for  fixing  comes,  they 
shoald  be  taken  to  pieces,  the  mortices  carefully  cleaned  out,  glued,  put  together, 
and  the  wedges  driven  in,  and  the  whole  cleaned  off. 

In  Betting  out  the  parts  of  a  door,  the  centre  of  the  middle  or  lock  rail  should 
be  kept  at  a  height  of  three  feet  from  the  floor-level,  this  being  the  most  convenient 
height  for  the  handle. 

When  the  upper  part  of  a  door  is  to  be  filled  with  plate  glass,  the  glass 
shonld  be  fixed  in  with  beads  fastened  with  screws  in  brass  slots.  To  counteract 
the  efiects  of  suddeu  jars,  the  glass  should  be  bedded  in  wash-leather. 

Folding  doora  are  often  required,  especialiy  in  houses  of  the  suburban  villa 
class.  They  seldom  work  well,  the  fault  usually  lying  with  the  hinges,  which  are, 
as  a  rule,  too  weak  to  do  the  work  required  of  them.  Another  mode  of  throwing 
two  rooms  into  one  is  by  sliding-doots.  They  are  hung  on  wheels  working  overhead 
on  hard-wood  numers.  Doors  of  this  kind  have  been  largely  used,  and  with 
satisfactory  results,  in  the  numerous  Board  Schools  built  in  the  last  few  years. 

Doors  and  gates  for  stables  and  outhouses  are  framed  on  a  somewhat 
difierent  principle,  Instead  of  the  skeleton  framing  being  filled  in  with 
panels,  vertical   boards  with  a  V-shaped  jrant   are  nailed  outside  the  &«nin^ 
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(See  Fig.  52.)    A.  door  of  thb  kind  is  called  &  framed  and  braced  door.     Stable 
doora  lire  usually  divided    homontally  about   midway  in    their    height.      When 
this  is  done,  a  thin  piece  of  iron  should  be  fixed  on  the  inside  edge  of  the  top 
nil  of  the  lower  door,  and  the  joint  between 
the  two  doors  diould  be  splayed. 

Hie  proper  width  for  stable  doors  is  four 
feet,  and  for  coach-house  doors  (for  ordinary 
carnages)  eight  feet 

The  most  suitable  kind  of  door  for  outhouses 

is  irlutt  is  known  as  a  ledged  door  (Fig.  53). 
This  is  formed  of  vertical  boards  held  together 
on  the  inside  by  horizontal  rails  or  ledges, 
QBoally  1^  inches  thick.  All  ext«mal  doors 
ought  (o  have  some  kind  of  weather-board  at  the 
lower  edge,  to  prevent  the  driving  rain  from 
penetrating  under  the  bottom  of  the  door. 

The  sises  of  doorv  must  necessarily  vary 
Tith  the  position,  dimensions,  and  use  of  the 
rooms  to  which  they  belong.  As  a  general  rule, 
no  angle  door  should  be  of  a  lees  width  than 

i  feet  6  mches,  and  no  double  door  should  bo  pj^  82.— Btobto  docw. W  than  2  feet  each.     Tor  bed-rooms  and  rooms 
of  minor   importance  2  feet    10  inches  by  6  feet   10 

inches    is    a    convenient   size.       Sitting-room   doors 
shonld  be  not  less  than  3  feet  by  7  feet     For  largo 
and  important  rooms  a  width  of  3  feet  6  inches  is  not 
too  much,  but  no  single  door  should  be  wider  than  this. 

The  position  of   tbe  door  in  a  room  is,  of  course, 
governed  by  various  circumstances,  as  the  position  of 
windows,    fireplace,  and   also  the   use    to  which   the 
room  is  to  be  applied.     It  may,  however,  be  taken  as 
an  invariable  rule  that  a  door  should  always  open  in 
such  a  way  that  when  open  the  room  is  screened.     It 

'k-ss.-OntbonMDoor.  stould  not    be  SO  near  the  fireplace    as    to  interfere 
with  the  comfort  of  people  sitting  round  the  fire  ;  and 

it  will  also  be  fonnd  a  good  plan  to  place  Uie  door,  if  possible,  opposite  a,  window. 
There  are  various  ways  of  fixing  doors.  In  lath 

wd  plaster  partitions  ths  usual  way  is  to  nail  strips 
of  wood,  called  linings,  to  the  post  (See  Fig.  54.) 

These  linings  are  splayed  to  re- 
vs the  plaster,  snd  the  joint  ' 

between  lining  and  plaster  is 

'  covered  by  a  moulding,  called 
the  architrave.     On  the  inside  of  ^ 

T^.5L  the  opening  another  lining,  called  Fir.  U 

the  jamb-lining,  is  fixed,  and  to 
Ail  t^  door   is   hong.      A   toon  solid    arrangement   is    to  bring  the  post  A 
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out  to  the  face  of  tlie  piaster,  and  dispense  with*  liningB  altogether.  In  walls 
of  nine  inches  or  more  thickness,  the  jamb  -  linings  are  fixed  to  gronnda  or 
rough  strips  of  wood,  grooved  in  the  same  way  as  the  linings  in  the  pre- 

ceding figure.  In  Fig.  55,  A  is  the  brick  wall,  B  a  wood  brick  built  in  the 

wall,  and  'to  which  the  woodwork  is  fixed,  c  C  plaster,  d  d  grounds,  e  backin<i, 
r   r   panelled  jamb-lining,    h   h  architrave    moulding,   a   the   doors.     Alt   tliia 

Wit-  M,— Front  Door  of  TemoB  Honae,  , 

appears  to  be  somewhat  complicated,  but  in  reality  it  is  as  simple  as  ia  consistent 
with  sound  workmanship,  and  it  is  upon  the  proper  and  accurate  attention  to 
details  of  this  kind  that  the  efficient  working  of  the  various  parta  of  the  house 

depend. 
A  form  of  doorway  frequently  used  in  liOndon  houses,  and  introduced  probably 

somewhere  in  the  early  part  of  the  last  century,  ia  shown  in  Fig.  56.  In  houses 
where  no  side  light  can  be  obtained  for  the  entrance  hall,  all  the  light  possible 
must  be  obtained  from  the  front,  and  in  consequence  of  the  confined  width  of  the 
hall,  there  is  no  space  for  a  window  other  than  the  narrow  strips  of  lights  on  either 
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side  of  the  door.  The  only  way  out  of  the  difficulty  is  to  form  a  window,  or  "  fsn- 
ligbt,"  over  the  door.  In  probably  ninety-nine  cases  out  of  every  hundred  where 
■  &iiligiit  exists  over  a  door,  it  is  made  a  fixture^  As  the  fanlight  is  often  the  sole 
means  vhereby  ventilation  can  be  obtained,  one  would  have  thought  that  what  is 
ictoally  the  ezceptioQ  would  have  been  the  rule,  and  that  all  fanlights  would  have 
been  provided  with  proper  meana  of  opening  and  closing  them.  The  apparatus  for 
opening  faolighta  should  bo  as  siniple  aa  possible,  and  should  be  arranged  in  such  a 
maimer  that  if  cords  be  used  they  are  not  liable  to  be  cut  in  working  over  the 
pulleys.  An  apparatus,  consisting  of  two  curved  metal  arms,  with  a  ratchet  for 
keepiitg  tlie  light  open  at  difierent  inclinations,  is  made,  and  works  well.  There 
is  aUo  an  apparatus  made  which  consists  wholly  of  metal,  by  which  the  fanlight  is 
opened  and  closed  by  means  of  levers. 

Wittdowt. — In  domestic  buildings,  windows  formed  of  wood  are  ordinarily  of 
two  classes — donble-hung,  or  sliding  sashes,  and  casements.     Of  these  two  kinds  of 
Bash  the  preference  for  all  ordinary  purposes  must  unhesitatingly  be  given  to  doubte- 
httng  sashes.     This  form  of  window,  which  was  first  introduced  into  England  in  the 
reign  of  William  III.,  consists  of  two  framea  sliding  vertically  in  jtarallel  grooves. 
The  upper  sash  is  hong  in  the  outer  groove,  to  avoid  making  n  lodgment  for  rain, 
which  vrould  be  the  case  if  the  lower  sash  were  outside.     Each  sash  is  bung  by 
cords,  which  are  taken  over  the  wheels  of  pulleys,  fixed  as  high 
np  as  the  frame  will  allow,  to  which  are  attached  iron  or  lead 
weights,  which  should  be  slightly  lighter  than  the  sashes.     The 
hnes  and  pulleys   should  be  of  as  durable  a  nature  as  can  be 
obtuned.      Some  well-made  form  of  metal  rope  b  probably  the 
best,  and  a  pulley  so  constructed  that  friction  is  reduced  to  a 
minimum,     fig.  57  shows  the  construction  of  the  frame,  and  the 
methods  adopted  for  keeping  the  rein  out.     a  is  a  section  through 
the  sash  showing  the  arrangement  of  the  sill,  c  is  the  oak  sill,  D  the 
etone  sub-silL     The  bottom  rail  of  the  lower  sash  is  bevelled  to  fit 
the  tipper  surface  of  the  sill,  which  is  weathered  to  throw  off  the 
water.     Immediately  under  the  point  where  the  outer  edge  of  the 
lower  Bsafa  touches  it,  the  sill  is  stepped  down  about  a  quarter  of 
■a  inch,  and  a  groove  cut  in  under  the  upper  part;  this  is  called 

er-n       ri  throating,  and   is  a  further  precaution   against 

'l^W       n\  ̂ ^  ingress  of  rain.     Grooves  are  also  cut  in  the 
Inn        HI  under  side  of  the  oak  sill  and  the  upi)er  side  of  the 
lul        P  stone  sill,  into  which  a  thin  bar  or  tongue  of  Iron 
■— wl       L  is  inserted,  and  fixed  with  white  lead. 

DA  pl
an  has  recently  been  intr

oduced  by  which 
the  sashes  of  an  ordinary  double-hung  construction  can  also  be  opened 
on  pivots  if  required.  Without  pronouncing  an  opinion  on  the  merits 

of  the  particular  invention  referred  to,  the  object  sought  to  be  obtained 
is  a  most  desirable  one,  both  for  purposes  of  ventilation,  and  also  for 

'  _         ■         the  ease  with  which  windows  fitted  in  this  manner  can  be  cleaned. 

A  mmple  mode,  first  devised  by  the  late  Dr.  Parkes,  for  in- 
creasing tiie  efficiency  of  doable-hung  sashes  as  menus  of  ventilation,  is  as  follows : — 

The  lover  sash  being  raised  'Uiree  or  four  inches  (Fig.  68),  a  board  of  the  depth  required 
U 

Pig.ST. 
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is  placed  on  the  sill  immediately  onder,  and  the  saali  shut  down  upon  it  (a).  A 
current  of  air  with  an  upward  tendency  b  thus  admitted  between  the  meeting  nils  ot 
the  two  sashes.    This  plan  has  been  adopted  in  several  hospitals  with  great  ancccss. 

Fig.W. 

A  better  way  of  accomplishing  the  same  object  is  by  making  the  bottom  rail  of  the 
sash  6  or  6  inches  deep,  and  fixing  a  board  on  the  inner  edge  of  the  oak  sill  (b).  It 
would  be  of  great  advantage  if  the  lower  sasli  of  eveiy  window  in  a  houao  were 
arranged  according  to  the  latter  plan. 

Casement  windows  are  practically  glazed  doors,  and  may  open  either  inwards 
or  outwards.  The  weak  point  of  this  kind  of  window,  and  more  particularly  of 

those  which  open  inwards,  ia  the  difficulty  of  keeping  thein  weather-tight 
In    exposed    positions   cttseraents    ought    always    to    open   outwards,    so    that 
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the  effect  of  Uie  wind  pressing  upon  Uiem  forces  Uiem  together  wlten  cloeed. 
Another  objection  to  casements  is  the  impossibility  of  nicely  regulating  ths 
sdmiEsion  of  ur ;  for  a  caseinent  cannot  be  opened  at  the  top  and  not  at  the  bottom. 
Lastly,  when  opening  oatwards,  they  are  more  difficult  to  clean. 

Cuement  windows  are,  however,  valuable  from  the  large  volume  of  air  which 
an  be  admitted  through  them.  For  this  reason  they  have  recently  been  adopted, 
with  Uie  sanction  of  the  Local  Government  Board,  in  the  wards  of  some  of  the 

Ui;ge  Metropolitan  Poof-Iaw  Sick  Asyloms.  The  accompanying  illiutration  (Pig.  59) 
of  a  window,  dedgned  by  Messrs.  Saxon  Snell  and  Son  for  this  purpose,  diows  an 
ingenious  combination  of  casement  and  sliding  sa^,  which  in  practice  is  totind  to 
work  admirably.  All  the  JMuta  are  protected  with  india-rubber,  and  the  precautions 
taken  to  prevent  the  ingress  of  rain  have  been  found  to  be  perfectly  successfuL  The 
windows  being  directly  opposite  each  other,  by  opening  two  pain  of  CBSements  a 
carrent  of  air  the  whole  width  of  the  window,  and  between  seven  and  ei^t  feet  high, 
can  be  seat  across  the  ward  in  a  few  minutes ;  while,  when  the  windows  are  cloaed, 
patients  can  lie  in  bed  within  a  few  inches  of  them,  and  be  absolutely  free  from 
draughts.  Of  coarse,  such  an  arraogement  as  this  is  impossible  except  with  tha 
closest  attention  to  details  and  the  best  possible  workmanship ;  nor,  on  the  other 
hand,  would  it  be  desirable  to  have  windows  absolutely  impervious  to  drau^t 
wiUiont  {Ht)per  provision  being  made  for  a  constant  and  sufficient  supply  of  fresh  air. 

The  first  figure  in  the  diagrams  represents  the  external  face  of  the  window  divided 
vertically  down  the  centre,  with  the  corresponding  lialf  seen  from  the  inside.  The 
opper  portion,  divided  into  small  squares,  is  formed  to  draw  down  aa  a  sliding  sash. 
The  larger  scale  details  are  sections  through  the  various  parts  showing  the  precau- 

tions adopted  for  excluding  tain  and  draught.  An  arrangement  which  might  with 
convenience  be  more  generally  adopted  is  the  provision  of  a  space  formed  in  the 
thickness  of  the  floor  above,  into  which  the  Venetian  blind  is  drawn  up  out  of  sight. 

When  casements  are  required  to  open  inwards,  some  such  arrangement  aa 
that  shown  in  Fig.  60  is  necesaary.  There  are  several  other  contrivances  for  the 
same  purpose,  all  more  or  less  complicated,  but  it  is  not 
intended  to  describe  here  special  appliances  of  this  sort 

Fattenitiga. — Both  kinds  of  windows  require  fastenings, 
to  keep  them  from  rattling  when  shut,  and  also  for  protection. 
Several  kinds  of  sash  fastener  are  available  for  sliding  sashes, 
of  Thich  it  will  be  sufficient  for  the  present  purpose  to 
remark  that  the  special  qualities  requisite  are  (!)  to  keep 

Bashes  well  together,  and  (2)  to  render  it  absolutely  impos- 
sible that  the  &8tener  should  be  opened  from  the  outside,  and 

this  in  as  omple  a  manner  as  possible.  This  last  condition 
is  Important,  as  if  any  mechanism  of  a  complicated  nature  is  ^ 
empk^red,  it  is  quite  oertsin  to  be  neglected.  For  large  and 
heavy  nsbes,  and  where  the  ordinary  fastening  would  luve  to  be  fixed  out  of  reacb, 

there  are  one  or  two  contrivances  made  by  which  the  sash  is  raised  or  lowered  by 

means  itf  cords,  -with  drop  handles  fixed  on  each  side  of  the  sash.  On  letting  go  the 
cords,  the  sash  is  automatically  fixed  in  any  desired  position.  Oasements  require, 

beades  a  fitsteoing  to  keep  them  closed,  some  kind  of  stay  to  keep  them  fixed  open, 
othowite  the  wind  would  blow  tiem  about  and  the  glass  would  get  broken. 



116  OVB  U0HE3. 

Ski/liffhU  and  Lanlenu. — In  rooms  wliere  it  is  requisite  to  obtain  the  light 

from  above — as,  for  instance,  in  kitchens,  stuJios,  and  billiard-rooms — either  sky- 

lights or  lant«rn-ligUts  must  be  constmctetl.  The  objection  to  skylights  is  their  inve- 
terate habit  of  leaking,  though  this  may  be,  to  a  great  extent,  due  to  bad  construction. 

Where  a  direct  light  is  noC  absolutely  necessary,  it  is  better  to  have  such  an 
arrangement  as  that  shown  in  Fig.  61,  called  a  lantern-light.     The  upright  sides  are 
simply  rows  of  single   aashea  in  solid  frames,  the  frames  forming  the  supports 
for  the  roof.     The  moisture  condensed  on  the  inner  face  of  the  sashes  is  received 

into  a  gutter  at  G,  which  is  formed  by  carrying  the  lead  under  the  sill,  and  dress- 
ing it  into  the  hollowed-out  surface  of  n  wooden  moulding ;  short  lengths  of  lead- 

pipe  convey  the  water  through  the  sill  on  to  the  flat  outside.     Some  additional 
advantage  in  tho  way  of  light  is  gained  if  the  sides,  instead  of  being  vertiod,  are 

tilted  in  at  the  top.     The  most  con- 
venient inclination  is  three  inches  in- 

wards to  every  foot  in  height.    If  the 
roof  of  a  lantern  is  also  a  skylight,  an. 
additional   condensation  gutter  moat 

he  provided  at  the  higher  level 
The  following  precautions  must  be 

obsei-ved  in  forming  ordinary  skylights 
(Fig.  62).  Tlie  lead  must  be  brought  be- 

tween the  curb  and  the  skylight,  and 
turned  round  inside  to  form  a  channel 

both  for  condensation  and  for  any  rain 
that  may  chance  to  percolate ;  the  under  aides  of  the  frame  must  be  tliroated  as 
shown  in  tlie  section  ;  and  hi&tly,  the  glass,  which  should  be  carefully  fitted  to  the 
woodwork,  should  be  in  one  continuous  pane,  and  should  project  about  1 J  in.  beyond 
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the  bottom  rail.  If  it  is  necessary  to  open  a  skylight,  it  should  be  hinged  at  the  top. 

The  upright  lights  in  a  lantern  should  be  hung  on  pivots.  The  pivots  ought  to  be 

fixed  jnst  above  the  centre,  so  that  the  sash  will  have  a  tendency  to  keep  shut  by 

its  own  weight.  In  studios  it  is  often  desirable  to  provide  an  arrangement  of 

Gutters  to  slide  along  the  slope  oE  the  roof,  and  close  wholly  or  in  part  the  skylight, 

Shuiters. — Since    the  introduction  of    plate  glass,  shutters  have  in  dwelling- 
housea,  especially   in   London  and  the  neighbouriiood,   fallen  greatly  into   diHiise. 

As,  however,   it  is  still  deaii-able  in  some  situations  to  provide  some    additional 

means  of    pi'otection  to  the  windows,  it  will  he  convenient  here  to  describe  the 
Viirious    ways    of  constructing  shutters.      They   may  be  fixed  either  outside    of 

inside.     Inside  shutters  are  of  three  kinds — sliding,  folding,  and  coiling.     Sliding 

shutters  are  formed  on  much  the  same  principle  as  sliding  sashe^  and  need  no 

further  description  here.      They   are  ordinarily 

used  for  the  inferior  rooms.     Folding  or  boxing 

sbutters  are  simply  narrow  folding  doors,  which, 

in  the  day-time,  are  stowed  away  in  recesses  or 
boxings  on  each  side  of  the  window  to  which 

they  are  attached.     When  they  are  thus  folded 

away  the  outer  leaf  forms  the  jamb-lining  to  the 
window  opening. 

Coiling  shutters,  so  largely  used  for  shop- 

fronts,  are  formed  of  narrow  curved  slips  of 

wood  or  metal,  which  are  coiled  away  on  &  roller 
iato  a  box  above  the  window. 

The  only  outside  shutt«rs  calling  for  notice 

are  thoee  formed  of  open  louvres  in  frames 

(£^.  63).  These  are  called  jalousies,  and  are  an 

importation  from  Italy.  They  are,  in  reality, 

blinds.  They  are  extremely  useful  for  windows 

with  a  sonny  aspect,  as  they  admit  tlie  air 

copioasly  whilst  keeping  off  the  direct  rays  of  Fto  A 
the  sun.     Th^  are  sometimes  bung  on  hinges, 

like  doors,  and  sometimes  run  on  iron  or  wooden  guides  fixed  agninxt  the  walls. 

Stairt. — The  position  of  the  staircase  governs  and  nioditics  the  arrangement 

of  the  rpst  of  the  house,  and  no  part  of  a  house  requires  more  careful  study 

and  contrivance.  A  staircase  in  which  the  relation  of  height  of  riser  to  width 

of  tread  is  badly  proportioned,  or  in  which  the  flights  are  of  inordinately  long 

lengths,  or  which  is  screwed  into  some  odd  comer,  and  the  deficiency  of  apace 

eked  out  with  winding  steps  as  if  the  whole  thing  had  been  forgotten,  and  were 

stuck  on  at  the  last  moment  wherever  it  happened  to  come,  cannot  fail  to  bo 

a  lasting  source  of  discomfort  to  the  inmates  of  the  liousc.  Such  an  arrauguiiiont 

is  however,  unfortunately,  by  no  means  an  uncommon  one. 

The  relation  of  riser  to  tread  should  be  based  upon  the  following  well-estab- 

hshed  scale  of  jaoportion  : — 

He  width  of  the  tread  multiplied  by  the  height  of  the  risir  should  equal 

66  IndieK.  Thus  if  the  tread  be  9  inches  wide,  the  riser  should  be  7^  inclies. 
If  the  riser  be  6  inches,  the  tread  should  be  1 1  inches. 
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The  rule  adopted  in  Fntnce,  where  they  have  given  great  attention  to  tha 

subject,  is  as  follows: — "Inasmuch  as,  on  th«  average,  human  beings  move 
liorizontally  two  feet  in  a  stride,  and  as  the  labour  of  rising  vertically  is  twioa 
that  of  moving  horizontally,  the  width  of  the  tread  added  to  twioe  the  height 

of  the  rise  should  be  equal  to  two  feet"  *  It  should  be  noted  that  the  dimen^rau 
of  stairs  are  always  oaloulated  as  if  the  steps  were  square,  the  nosings  being 
disregarded. 

A  wooden  staircase  of  the  simplest  form  is  construoted  in  the  following  manner  :— 
On  the  wall  side,  tb« 
treads,  A  A  (Fig.  64),  and 
risers,  B  B,  are  housed 
into  a  board  about  one 
and  a  half  inches  tliick, 

called  the  wuU-string, 
and  which  is  grooved  in 

the  way  shown  in  the 
sketch    to   receive    the 

I  ends  of  the  treads  and risen.  These  grooves  are 
shown  to  be  considerably 
wider  than  the  thickness 

of  the  steps,  in  order 
that  wedges  may  be 
driven  in  after  being 

well  glued,  and  so  make 

ffg^ft^  the  work  solid.     On  tlie other  side,  the  string  or 

board  which  supports  the  steps  is  ̂ at  is  called  a  cut  stiing,  being  notched  or  cut 
out  to  receive  the  ends  of  the  treads,  which  are  brought  over  with  a  return  moulding. 
The  risers  are  tianally  mitred  to  the  outer  string.     Between  the  two  strings  are 
fixed,  where  the  width  of  the  staircase  exceeds  three  or  four  feet,  rough  beams, 
usually  called  caniages,  and  to  the  side  of  these  beams  are  nailed  rough  pieces  of 
thinner  boards,  called  brackets.     lastly,  the 
under  side  of  the  steps  are  made  still   more 
solid  by  glueing  blocks  of  wood  in  the  inner 
angle  (Fig.  65). 

The  usual  thickness  of  treads  for  deal  steps 
is  one  and  a  quarter  inches,  and  for  risen  one 
inch.     For  longer  bearings  than  four  feet  this 
tliickness  should    be    increased.      The    risers 

should  be  united  to  the  treads  by  grooved  and 

tongued  joints,  or  by  rebated  jointa  ^  ̂  
The  part  of  a  staircase  which  is  exposed  lo 

most  wear  is  about  three  inches  in  depth,  and  about  half  to  two-thirds  of  the 
width,  at  the  outer  edge,  of  the  tread  of  eadi  step.    This  can  be  obviated  in  basiness 
bouses,  hotels,  and  other  places  where  the  traffic  is  considerable,  by  covering  esch 

*  "  Xotai  on  Building  Conitnction,"  Put  II.,  p.  333. 



step  with  sbeet  lead  turned  round  the  oosing,  and  well  nailed  down  with  copi>er 

For  staircftsea  of  a  more  expensive  kind,  oak  and  Uak  make  excellent  treads. 
To  support  the  handrail,  it  ia  neoeflaary  to  have  some  kind  of  railing  or  balusters. 

He  dieapest  form  of  baluster  is  a  square  bar  of  wood,  one  inch  thiot     Balustera 
are  also  tnmed  or  carved  with  vatying  degrees  of  elaboration,  according  to  the 
nature  erf  the  work  and  the  expenditure   contemplated.      The  distance   between 
balustere  should  not  exceed  five  incbea.     Cast  and  wrought  iron  baluat«a  are  alM 
used.     The  height  of  the  rail  from  the  stairs  should  be  from  three 

feet  on  wide  easj-going  treada  to  two  feet  eight  inches  on  steep  stairs, 
the  dimensioa    being  taken  at  the  outer  edge  of  the  step.     The 
Landrail  sfaonld  be  of  such  a  section  that  will  be  easy  and  comfortable 

to  hold,  and  should  not  be  too  wide.      No  doubt^  a  broad  well-  ̂  
moulded  rail  is  extremely  effective  in  a  large  staircase,  with  every 
other  snrraanding  to  correspond ;   but  in  ordinary  dwelling-houses 
the  first  reqniaite  in  a  handrail  is  that  it  should  be  a  ready  and  easy 

means  of  support  to  those  requiring  it.    "  If  you  want  a  large  raU  for         ̂ ^  ̂  
aiq>earBnoe,  it  ahould  be  of  this  kind  of  section  (Fig.  66),  with  a  roll 
or  cylinder  at  the  top  not  more  than  two  inches  thick,  and  any  ornamental  shape 
yon  like  below.     The  Gothic  builders  knew  that,  and  made  their  handrails  so ;  but 

the  Renaissance  poople,  who  thought  more  of  show  than  use,  introduced  those  wide- 
topped  monstroeitiea  which  seem   mode  for  boys   to  slide  down  rather  than  for 

anybody  to  handle."* 
Anothra'  oonvenience  that  is  often  neglected  in  wide  staircases  is  that  there 

should  be  a  second  handrail  6xed  against  the  walL 
Two  kinds  of  arrangementa  are  available  for  staircases  in  ordinary  houses. 

Ihe  one  called  a  dag-leg  staircase  is  where  there  is  no  space  or  well-hole  between 
the  outer  strings  ;  the  other  kind  is  called  an  open  newel  staircase,  and  includes 
all  the  varieties  of  staircases  which  have  well-holes.  Winding  steps  should  be 
aroided,  if  possible  ;  where  it  is  absolutely  necessary  to  use  them,  the  width  at  a 
distance  of  eighteen  inches  from  the  handrail  should  be  as  nearly  as  possible  the 
tame  width  as  the  ordinary  treads.  By  this  arrangement  the  width  of  the  winder- 
step  vbere  the  traffic  is  greatest  will  be  the  same  as  that  of  the  rest  of  the 
Btaircase. 

*  BiiKi.  BMkrtt :  "  Book  on  Boildins,"  p.  U& 
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CHAPTER  XL 

DETAILS   OP  CONSTRUCTION. — PLASTERING,    PAINTING,    AND   OLAZINa 

Varioui  Kinds  of  Plutor— Solenitio  Cement— Puntukg^-Sab«titat«e  for  White  Lea^  in  Paint— Viuioai 
Kindi  of  Paint— Lnminoua  Paint — VanuAhing — Glaas  and  Glazing. 

Plastering  consists  in  applying  to  the  surfaces  of  walls,  for  the  sake  of  cleanli- 
ness, warmth,  appearance,  or  imperviousness,  various  compositions  in  which  lime 

or  cement  play  a  prominent  part.  That  kind  of  plastered  surface  is  the  most 
healthy,  as  well  as  the  most  lasting,  which  ix)ssesses  in  the  greatest  degree  the 
qualities  of  hardness  and  density,  and  capacity  for  taking  polish.  A  wall  faced 
with  a  porous  plaster  absorbs  the  moisture  given  off  by  respiration  and  evaporation, 
and  with  the  moisture,  organic  and  other  impurities.  Such  a  wall  eventually 
becomes  saturated  with  impurity,  which  can  actually  be  scraped  off  and  submitted 
to  minute  examination.  It  is  therefore  essential  to  adopt  some  means  whereby  a 

wall  can  be  periodically  cleansed  from  these  impurities.  For  cottagers'  and  artisans* 
dwellings,  where  lime-white  or  distemper  colour  is  all  that  is  needed  in  the  way  of 
decoration,  an  ordinary  well-plastered  wall  can  practically  be  cleansed  every  time  it 
is  lime-whited  or  coloured  ;  but  for  walls  of  a  class  superior  to  these,  where  custom 
demands  a  papered  surface,  the  plaster  should  be  of  as  unabsorbent  a  nature  as 
possible,  in  order  that  the  surface  shall  be  entirely  changed  whenever  the  paper  is 
renewed. 

Although  one  of  the  objects  of  plastering  the  walk  of  a  house  or  room  is  to 
make  the  wall  more  impervious,  and  preserve  uniformity  of  temperature  within  the 
house,  it  must  not  be  forgotten  that  many  of  the  cheaper  class  of  houses  derive 
certain  benefit  from  the  pbrviousness  of  the  waUs.  Professor  Yon  Pettenkofer  states : — 

"  For  a  wall  of  dry  brick  we  may  calculate  for  each  square  metre  (1*196  yard)  of 
outside  wall,  and  for  each  1^  C.  of  difference  of  temperature  between  the  interior 
and  exterior  of  the  house,  that  from  fifty-five  to  fifty-si^  gallons  of  air  will  pass 

through  the  walls  of  every  house."  *  This  may  be  a  very  valuable  auxiliary  to  the 
ventilation  of  a  house,  and  if  the  walls  be  coated  witli  a  dense  plaster  much  of  the 

benefit  would  be  arrested.  An  interesting  experiment,  demonstrating  the  porosity 

of  brick  or  mortar,  is  described  in  Dr.  Hime's  introduction  to  his  translation  of 
Von  Pettenkofer's  work.  A  cylinder  of  solid  dry  mortar,  5  inches  long  by  1§  inch 
diameter,  is  coated  on  the  outside  with  wax,  the  ends  being  bare,  and  then  at  each 
end  a  funnel  is  fastened  on  by  means  of  wax.  By  placing  the  tube  of  one  of  the 
funnels  in  the  mouth,  and  blowing  into  it,  a  sufiiciently  strong  current  of  air  may  be 
easily  passed  through  the  mortar  to  divert  the  flame  of  a  candle  held  near  the  tube 
of  the  funnel  at  the  other  end.  Of  course,  the  more  dense  the  plaster  or  cement 
with  which  a  wall  may  be  covered,  the  more  perfectly  is  the  interchange  of  air 
likely  to  be  prevented,  and  the  sanitary  results  will  vary  accordingly. 

In  India,  Dr.  Mouat,  Inspector-General  of  Jails,  recounts  how  the  natives  are  in 

*  *<Oholera :  How  to  Present  and  Resist  it"  By  Dr.  Yon  Pettenkofer.  Translated  by  T.  W.  Hime, B.A.,  M.B.,  1875. 
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the  habit  of  daily  covering  the  floor  and  walls  of  their  huts  with  a  light  coating  of 
earth,  containing  a  large  amount  of  organic  matter.  Bj  this  means,  he  states,  the 
animal  exhalations  are  removed  from  the  atmosphere,  the  air  itself  is  purified,  and 
an  artificial  renewal  of  oxygen  is  produced,  which  seems  to  be  as  efficacious  as 

fall  and  free  ventilation.*  This  curious  process,  which  is  of  great  antiquity,  is  known 
in  India  as  ''  leeping." 

In  the  speculative  building  which  goes  on  in  the  suburbs  of  most  large  towns 
the  kind  of  plaster  most  commonly  used  consists  to  a  great  extent  of  a  mixtura 
of  lime  with  sifted  vegetable  mould,  and  sometimes  of  materials  even  inferior  to 
these.  It  is  needless  to  point  out  that  such  a  composition  is  of  little  use  in  any 
way.  While  undisturbed  it  adheres  to  the  waUs,  and  forms  a  smooth  surface  upon 
which  to  hang  the  wall-papering,  and  the  paper  is  of  considerable  assistance  in 
subsequently  keeping  the  so-called  plastering  in  its  place ;  but  wherever  bedsteads 
or  other  pieces  of  furniture  are  frequently  pushed  against  the  wall,  this  plastering 
IS  rapidly  damaged.  It  is  a  matter  for  regret  that  the  power  to  require  by  bye- 
laws  the  plastering  to  be  formed  of  good  and  proper  materials  is  not  authorised 
by  the  Public  Health  Act^  in  the  same  way  as  la  permitted  with  regard  to  the 
materials  used  in  the  structure  of  the  walls  themselves  of  new  buildings. 

Ordinary  plaster  is  composed  usually  of  three  coats  or  layers  :  the  first,  or  **  rough 

rendering  coat "  if  on  walls,  "  pricking-up  "  if  on  laths,  is  made  with  one  or  one  and 
a  half  parts  of  sand  to  one  part  of  lime  mixed  with  long  ox-hairs.  The  second,  or 

floating,  ooat  is  made  with  fine  Btu£^  which  consists  of  lime  slaked 'with  a  small 
quantity  of  water,  and  mixed  to  the  consistency  of  cream.  A  little  hair  is  added  to 

this  coat.  This  ooat  is  named  from  the  "  floats"  or  "  screeds  "  of  plaster  which  are 
formed  at  the  angles,  and  at  intervals  of  from  four  to  ten  feet  on  the  wall  or  ceiling. 
The  surfaces  of  these  are  then  brought  into  the  required  plane  by  passing  long 

straight-edges  over  them.  (See  *' Notes  on  Building  Construction,"  p.  11.)  The  last, 

or  settings  ooat  is  a  thin  layer  of  "  fine  stufl*,"  or  it  may  be  made  with  plasterer's 
patty,  which  consists  of  lime  and  water  prepared  in  a  somewhat  diflerent  way  from 

**  fine  stuff; "  or  lastly,  it  may  consist  of  gauged  stuff,  a  mixture  of  plasterer's  putty 
and  plaster  of  Paris.  The  object  of  using  this  last  mixture  is  to  insure  rapidity  in 
setting.  It  should  be  used  only  in  small  quantities.  Trowelled  stucco,  a  surface 

nsoally  prepared  for  painting  on,  consists  of  two-thirds  fine  stuff,  and  one-third 
carefully-washed  sand.  Bastard  stucco  is  made  in  the  same  manner,  with  the  addition 

of  a  little  hair.  Keene's  cement,  Martin's  cement,  and  Parian  cement  are  all 

miKtares  of  calcined  gypsum  and  other  substances.  Keene's  cement  is  the  hardest 
of  the  three,  and  is  susceptible  of  .a  high  polish.  It  is  made  in  two  -qualities,  the 
better  of  which  is  more  purely  white  and  takes  polish  better.  Both  kinds  set 
hard. 

Parian  cement  is  also  made  in  two  qualities.  It  ia  generally  thought  to  work 

freer  than  either  Keene's  or  Martin's,  but  not  to  produce  such  sharp  angles  or 
mouldings. 

Martin's  c^nent  is  made  in  three  qualities,  the  best  or  superfine  being  pure 
white,  the  other  two  more  or  less  reddish. 

It  is  well,  when  either  of  these  cements  is  to  be  ultimately  painted,  to  apply 

*  Beport  OB  the  Statistin  of  iho  Priaoni  of  the  Lower  Provincei  of  the  Bengal  Presidency,  18C1-- 
IttSu   BfDr.  Mooat. 13 
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a  ooat  of  paint  before  it  is  dry.  This  greatly  assists  the  application  of  the 
final  painting  when  the  surface  is  ready. 

Selenitic  cement,  an  invention  of  Creneral  Scott's,  has  sereral  advantages  over 
the  ordinary  processes  which  call  for  a  description  here.  The  following  descrip- 

tion is  extracted  mainly  from  the  "  Notes  on  Building  Construction  **  before 
referred  to : — 

''This  cement,  like  the  other  (Scott's  cement),  contains  a  small  proportion  of 
sulphate  of  lime,  which  is  added  in  the  form  of  plaster  of  Paris,  mechanicaDy 
mixed  and  ground  with  lime.  Lime  may,  however,  be  selenitised  by  adding  a 
small  proportion  of  any  sulphate,  or  by  mixing  it^  with  sulphuric  add.  The 
sulphate  begins  to  take  action  directly  the  water  is  added.  Its  presence  arrests 
the  slaking  action,  causes  the  cement  to  set  much  more  quickly,  and  enables  it 
to  be  used  with  a  much  larger  proportion  of  sand  than  ordinary  lime  without 
loss  of  strength. 

''Selenitic  clay  is  a  preparation  of  clay  and  sulphate  of  lime,  which,  when 
added  to  a  pure  or  nearly  pure  lime,  confers  upon  it  hydraulicity,  and  also  the 

quick-setting  properties  of  selenitic  cement" 
A  surface  fully  equal  to  those  of  either  Keene's  or  Parian  cements  can  be 

obtained  by  the  following  mixture : — 5  pails  of  water ;  1  bushel  of  prepared 
selenitic  lime;  3  bushels  of  prepared  selenitic  clay;  2  bushels  of  fine  washed 
sand ;  1  hod  of  chalk  lime  putty.  A  wall  finished  in  this  way  can  be  brought 
to  a  high  polish,  and,  is  readily  washed. 

Cornices  and  mouldings  on  ceilings  are  formed  either  with  ordinary  gauged 
stuff,  or  they  may  be  cast  in  lengths  in  carton  pierre  or  papier  mach6.  Where 

great  projection  is  required,  wooden  brackets  are  fixed  to  the  ceiling-joists,  the 
under  surface  of  which  are  cut  out  roughly  to  the  profile  of  the  cornice. 

Imitations  of  marble,  known  as  "Scagliola"  and  "Marezzo  Marble,"  are 
different  preparations  in  which  plaster  of  Paris  plays  an  importaht  pai^t  As 
materials  for  internal  decoration,  and  as  surfaces  of  an  absolutely  impervious  and 

washable  nature,  these  inventions  are  not  without  their  value,  though  Keene*s 
cement  answers  all  the  purpose,  without  professing  to  be  what  it  is  not 

All  salient  angles  of  plastered  walls  should  have  angle  staves  of  Keene*s 
cement.     Wood  staves  are  sometimes  used,  but  cement  makes  better  work. 

Whitewashing  is  a  mixture  of  ordinary  lime  and  water,  and  is  used  for  com- 
mon walls  and  ceilings. 

Whitening  is  a  mixture  of  wliiting  and  size,  and  is  applied  to  ordinary  ceilings. 
Clearcole    is  the  coating  of    size  which  is  applied  to  a  ceiling  to  fill  up  the 

pores  previous  to  whitening. 

Colouring  is  merely  the  addition  of  some  cheap  colour  with  ordinary  white- 
wash. 

Distempering  is  done  with  whiting  and  size,  with  the  addition  of  colour. 

Painthig,  —  The  extensive  use  of  a  light-coloured  soft  wood,  such  as  deal,  for 

all  kinds  of  joiners'  work  has  doubtless  been  the  cause  of  the  application  of  paint 
to  both  interior  and  exterior  woodwork.  Paint  forms  at  once  a  protection  to  the 
wood  from  atmospheric  and  other  causes  of  decay,  and  a  means  of  decorating 
the  surface. 

The  surface  to  be  painted,  if  of  wood,  must  be  fii-st  prepared  in  the  following 
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manner : — ^The  knots  must  be  killed  either  by  covering  them  with  "  knotting "  or 
with  hot  lima  Patent  knotting  consists  chiefly  of  shellac  dissolved  in  naphtha. 
The  object  of  these  applications  is  to  prevent  the  exudation  of  turpentine  from  the 
knots,  and  also  to  prevent  the  knots  from  absorbing  the  paint.  In  bad  work  the 
knots  con  often  be  plainly  seen  through  four  or  five  coats  of  paint 

The  surface  is  then  "  primed "  with  a  coat  of  red  and  white  lead  and 
linseed  oil,  in  order  to  fill  up  the  pores  of  the  wood,  and  prevent  the  subsequent 
coats  from  being  absorbed.  The  subsequent  or  colouring  coats  are  then  applied. 
These  coats,  with  slight  variations,  are  composed  of  a  base,  which  is  usually  white 
lead,  a  vehicle,  generally  linseed  oil,  and  a  colouring  pigment  Driers  are  often 
added  to  make  the  work  dry  quickly,  and  turpentine  to  make  the  paint  work  easily. 

The  base  is  the  most  important  constituent  of  the  mixture.  It  gives  body  and 
opacity  to  the  work,  and  upon  its  quality  depends  the  success  of  the  finishing  coats. 
The  base  most  commonly  used  is  white  lead.  This  substance,  which  is  a  carbonate 
of  lead,  prepared  by  one  or  two  processes,  corrosion  or  precipitation,  from  the 
metal,  has  two  serious  drawbacks.  The  chief  of  these  is  its  poisonous  nature. 

The  well-known  painters'  colic  is  produced  by  the  use  of  white  lead.  A  kind  of 
paralysis  also  is  caused  by  the  absorption  of  white  lead  through  the  pores  of  the 
skia  The  other  disadvantage  attending  the  use  of  white  lead  is  that  after  exposura 
to  the  atmosphere  it  speedily  loses  its  whiteness  and  brilliancy ;  in  some  conditions, 
as  when  exposed  to  the  atmospheres  of  many  manufactuiing  towns,  or  of  some 
local  impurities,  it  becomes  positively  black.  In  the  case  of  iron  a  galvanic  action 
is  set  up  between  the  lead  and  the  iron,  which  is  injurious. 

A  substitute  for  white  lead  was  devised  by  Mr.  W.  Noy  Wilkins  (a  marine 

landscape  painter),  and  adopted  in  1878  by  the  Dean  and  Chapter  of  St  PauUst 
under  the  advice  of  Mr.  F.  0.  Penrose,  M.A,  their  architect.  The  base  used  by  Mr. 
Wilkins  is  kaolin  (the  china  clay  of  Cornwall,  a  decomposed  granite),  mixed  with  a 
Email  proportion  of  zinc  white.  With  this  base  Mr.  Wilkins  restricted  himself  to 
the  nse  of  mineral  colours  only. 

Another  substitute  for  white  lead,  which  promises  to  be  of  considerable  serWce 

to  the  builder,  is  the  "  Charlton  White."  Tins  painty  which  is  the  result  of  a  series 
of  experiments  extending  over  several  years,  is  an  oxy-sulphide  of  zinc.  It  is  pre- 

pared by  precipitating  sulphur  with  a  solution  of  zinc  chloride.  It  is  perfectly  free 
from  all  poisonous  character,  is  not  affected  by  sulphuretted  hydrogen,  and  is  quite 
neutral  in  contact  with  iron.  The  additional  advantage  is  also  claimed  for  this 
pigment  that  it  has  twenty-five  per  cent,  more  covering  power  than  white  lead,  and 
that  it  will  mix  freely  with  paints  which  white  lead  destroys. 

'Hie  best  kind  of  oil  for  painters'  work  is  linseed  oiL  "  Kaw  linseed  oil  is 
obtained  by  allowing  thc^  oil,  as  first  expressed  from  the  seed,  to  settle  until  it  can 

be  drawn  off  clear."*  €rr*od  linseed  oil  is  pale,  transparent^  has  a  very  slight 
smell,  and  is  sweet  to  t&sto.  It  improves  by  keeping,  and  should  never  be  used 
under  a  year  old.     BoOed  oil  is  used  when  the  work  is  wanted  to  dry  quickly. 

Driers  are  substances  the  use  of  which  is  to  accelerate  tlie  solidification  of  the 

oil  They  are  made  of  various  ingredients,  such  as  litharge,  acetate  of  lead,  red  lead, 
sulphate  of  zinc,  verdigris,  &c.  The  following  precautions  to  be  observed  in  the  use 

of  driers  are  given  in  the  "  Notes  "  : — 
•  " Notes  on  Building  Construction,"  Part  III.,  p.  396. 
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Ist.  Not  to  use  them  unnecessaiily  with  pigments  wliich  dry  well  in  oil  oolour. 

2ncL  Not  to  employ  them  in  excess,  which  would  only  retard  the  drying. 
3rd.  Not  to  add  them  to  the  colour  until  about  to  be  usecL 
4tL  Not  to  use  more  than  one  drier  to  the  same  colour. 

5th.  To  avoid  the  use  of  patent  driers  unless  known  to  be  of  good  quality. 
6th.  To  avoid  the  use  of  driers  in  the  finishing  coat  of  light  colours,  as  they  are 

liable  to  injure  the  colour. 
Mr.  Wilkins,  whose  application  of  kaolin  and  zinc  white  in  the  formation  of 

a  "  base "  has  been  mentioned  above,  found  that  by  boiling  a  small  quantity  of 
Turkey  umber  in  oil  he  obtained  a  veliicle  which  enabled  him  to  dispense  entirely 
with  the  use  of  driers. 

Turpentine,  or  more  properly  oil  of  turpentine,  is  used  as  a  solvent  to  make  the 
paint  flow  more  easily.     It  eventually  disappears  by  evaporation. 

Colouring  pigments  are  made  fi*om  natural  earths,  metals,  vegetable  substances, 
or  artificial  compounds  of  several  ingredients.  They  are  too  numerous  for  description 
here  ;  a  few  of  the  kinds  to  be  avoided  may,  howevei^  be  noted. 

Greens. — ^All  green  pigments  are  made  either  from  copper  or  arsenic  in  some  form 
or  other.  Those  into  whose  composition  arsenic  enters  should  be  avoided.  The 

non-poisonous  greens  are  Brunswick  green,  mineral  green,  and  chrome  green. 

Vienna  green,  Scheele's  green,  and  emerald  green  are  all  highly-poisonous  pigmenta 
Of  blues,  Indigo  is  not  a  durable  colour,  especially  if  mixed  with  white  lead. 
Amongst  yellow  paints  the  ochres  arc  to  be  preferred  to  the  chromes,  the  latter 

being  apt  to  lose  colour  in  bad  air. 
The  most  brilliant  red  next  to  carmine,  which  is  too  expensive  for  use  in  house 

painting,  is  vermilion.  It  is  often  adulterated  with  red  lead,  which  much  injures 
its  colour  and  durability.  The  test  of  purity  is  heating  the  paint  in  a  test-tube.  If 
pure  it  will  entirely  volatilise. 

The  Silicate  Paint  Company  manufacture  a  series  of  paints,  into  the  composition 
of  which  it  is  stated  that  no  injurious  ingredients  enter.  Lead,  arsenic^  copper,  and 
antimony  salts  are  used  in  different  ways  to  give  brilliancy  to  many  coloura  To 

abolish  these  poisonous  substances,  and  to  substitute  for  them  ingredients  of  perfectly 
neutral  character,  is  without  doubt  a  very  valuable  improvement  on  the  score  of 
health.  These  silicate  paints  are  prepared  from  a  pure  silica  obtained  from  the 
West  of  England.  This  is  levigated,  calcined,  and  mixed  with  resinous  substances. 

Besides  their  non-poisonous  qualities,  these  paints  are  said  to  stand  200^  heat 
without  blistering,  to  have  no  chemical  action  on  metals,  and  to  cover,  weight  for 
weight,  double  the  surface  of  ordinary  paint 

The  same  Company  have  patented  a  foim  of  distemper  which  is  called  '^  Duresco." 

It  is  prepared  from  the  "  Charlton  White  '*  described  above,  and  when  applied  to 
brick,  stone,  or  plaster  it  htu*dens  in  such  a  manner  as  to  indurate  the  surface.  It 
is  further  claimed  for  this  process  that  it  is  washable,  that  it  is  absolutely  non- 
poisonous,  and  that  it  prevents  the  })ercolation  of  moistura  It  also  has  the  ̂ ^reat 
advantage  of  being  so  easy  of  application  that  a  labourer  can  apply  it  in  a  similar 
manner  to  whitewash. 

The  silicate  enamel  is  a  substitute  for  the  expensive  and  delicate  process  of 
ordinary  enamelling.  It  presents  a  hard  polished  surface,  which  is  impervious  and 
washable.     It  can  also  be  used  as  a  waterproofing  composition  for  damp  walla 
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Another  kind  of  paint,  for  which  important  properties  as  regards  the  preservation 
of  iron  are  claimed,  is  the  Torbay  Oxide  Pftint  In  the  opinion  of  many  eminent 
engineers  iit)n  ought  to  form  the  base  of  any  protective  covering  for  ironwork. 
It  seems  also  necessary  that,  to  attain  the  proper  degrees  of  adhesiveness,  elasticity, 
and  covering  power  combined,  the  iron  should  not  be  in  excess  of  the  other 
ingredients.  These  qualities  are,  it  is  alleged,  possessed  by  the  paint  now  under 
consideration.  The  base  of  the  Torbay  paint  is  an  oxide  found  at  Brixham,  in 
Devonshira  Into  the  process  of  manu&cture  it  is  not  necessary  to  enter  here. 
It  wDl  be  sufficient  to  note  the  fact  that  the  paint  has  now  been  in  use  for  upwards 
of  foarteen  years,  and  that  the  experience  of  that  period  seems  to  have  established 
the  fact  that  it  is  not  affected  by  extremes  of  heat  or  cold,  or  by  the  action  of 
sea  water;  and  that  it  has  a  remarkable  affinity  for  and  power  of  protection  to 
iron. 

Szerehny's  compositions  are  of  three  kinds.  The  first  is  for  protecting  the 
sor&ce  of  stone  from  decay  from  atmospheric  causes.  It  was  used  with  some 
success  in  arresting  for  a  time  the  progress  of  decay  in  the  stone  of  the  Houses  of 
Parliament  It  is  also  claimed  for  this  composition  that  it  is  perfectly  waterprool 
The  other  two  compositions  are  an  iron  paint  and  liquid  enameL 

Besides  the  above  there  are  several  other  paints,  as  the  Granitic,  Indestructible^ 

Anti-corrosion,  and  others,  for  each  of  which  some  special  advantage  ia  claimed. 
Luminous  Paint, — ^An  invention  which  stands  quite  by  itself,  and  promises  to 

be  of  wide  importance  for  many  purposes,  is  Bolmaine'a  Luminous  Paint  This 
remarkable  paint  was  invented  by  the  late  Mr.  W.  BL  Balmame,  a  chemist  of  some 
eminence,  who  devoted  much  of  his  time  to  tl^e  special  study  of  phosphorescent  sub- 

stances. The  paint  itself  is  a  preparation  of  sulphur  and  lime,  and  has  the  remark- 
able property  of  emitting  light  for  a  considerable  period  after  the  luminous  source  is 

removed.  For  instance,  it  has  been  found  that  a  lifebuoy  thickly  coated  with  the 

paint,  when  placed  in  the  water,  after  being  for  sevei'al  hours  previously  in  darkness, 
emitted  light  so  freely  that  it  was  plainly  visible  at  a  distance  of  a  hundred  yards. 
The  value  of  such  an .  invention,  both  for  purposes  of  health  and  convenience, 

is  obviously  great  In  bed-rooms,  for  instance,  the  dial  of  a  clock,  a  bracket 
for  matches,  or  a  small  contrivance  for  holding  a  watch,  would  obviate  the 

necessity  for  burning  gas  all  night  In  hospitals,  in  the  passages  and  water-closets, 
and  possibly  in  the  wards,  at  any  rate  those  for  convalescents,  the  free  use  of  the 
paint  might  well  supersede  artificial  lights  and  thus  help  to  keep  the  air  pure, 
as  well  as  reduce  the  cost  of  lighting.  Another  most  valuable  purpose  to  which 
this  invention  might  be  applied  is  that  of  labels  for  bottles  containing  poison.  Tlie 

word  "  Poison  "  appearing  as  if  written  in  letters  of  fire  on  the  bottle  would  be  a 
ht  better  protection  against  the  fatal  mistakes  which  from  time  to  time  occur  than 
any  difference  of  colour  or  peculiarity  in  the  form  of  the  bottle. 

Amongst  other  purposes  to  which  this  paint  might  be  applied  are  the  names  and 

numbers  on  doors,  especially  in  country  parts  where  no  gas  exists — bell-pulls, 
letter-boxes,  and,  though  not  quite  within  the  scope  of  the  present  subject,  sign- 

posts and  the  names  of  streets. 

Varnishes. — ^Varnish  is  a  preparation  of  resin  dissolved  either  in  oil,  turpen- 
^e,  or  alcohol  It  is  applied  to  painted  surfaces,  to  paper-hangings,  or  to 
plain  wood,  either  stained  or  not     It  is  chiefly  useful   ns  a  means  of  obtaining  a 
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hard,  durable,  and  non-absorbeut  surface.  When  the  surface  to  be  varnished 
is  porous,  one  or  two  coats  of  size  should  first  be  applied,  otherwise  the  varnish  will 
sink  into  the  material  and  the  effect  be  lost.  The  best  varnish  is  that  called 

copal.  In  applying  it  care  should  be  taken  that  the  surface  to  be  varnished 
is  perfectly  free  from  dirt  or  foreign  matters,  and  that  the  brushes  used  are 

perfectly  clean  and  free  from  oU.  It  should  be  applied  in  thin  coats,  and  the 
second  and  subsequent  coats  should  not  be  applied  until  the  preceding  one  is 
absolutely  dry  and  hard. 

Deal  is  frequently  stained  to  give  it  the  appearance  of  some  darker  sort  of 
wood,  and  varnished  with  boiled  linseed  oil 

Glass. — Tlie  chief  varieties  of  glass  in  use  for  building  purposes  are  crown, 
sheet,  and  plate  glass.  Crown  glass  is  blown  in  flat  circular  discs  or  tables,  in 

the  centre  of  which  is  the  "  bullion  "  or  boss,  so  familiar  in  old  greenhouses  and 
outbuildings,  where  it  was  largely  used,  from  the  fact  of  its  not  being  subject 
to  the  glass  tax.  Of  late  years  these  bullioas  have  been  much  in  request  as 
ornamental  features.  Sheet  glass  is  rapidly  superseding  crown  glass,  from  the 
fact  of  its  being  procurable  in  much  larger  sheets.  What  is  known  as  patent 
plate  is  sheet  glass  polished  on  both  sides.  It  can  be  distinguished  from  real 

plate  glass  (called  British  plate)  by  the  waviness  of  the  surface  and  the  form  of  the 
bubbles.  In  patent  plate  the  bubbles  are  irregular  in  form,  while  in  British 

plate  they  are  always  circular. 
Plate  glass  is  made  by  pouring  glass  at  a  white  heat  on  to  iron  tables,  and 

then  rolling  it  out  under  heavy  metal  rollers.  Tlie  advantages  of  plate  glass 

ai*e  its  strength,  thickness,  and  translucency.  Tlie  amount  of  light  intercepted 

by  plate  glass  and  sheet  glass  respectively  has  been  ascertained  to  be  * — 

Polished  plato  glass  ̂ -inch  thick   13  per  cent. 
36  oz.  sheet  glass   22  per  cent. 

With  thick  glass  the  loss  of  heat  by  evaporation  is  much  less  than  with  thin 

glass. 
Glass  is  usually  fixed  into  woodwork  by  means  of  putty.  The  panes  shoidd  be 

cut  a  shade  smaller  than  the  opening  into  which  they  are  to  be  fixed,  in  order 
that  the  edges  of  the  glass  shall   not  come  into  actual  contact  with  the  wooil- 

work.  The  putty  intervening  between  glass  and  wood 
thus  serves  to  deaden  any  jar  received  by  the  sash.  The 

C  manner  in  which  this  object  is  attained  is  by  what  is 

called  "back-puttying  "  (Fig.  67).  A  layer  of  putty,  a,  is 
first  spread  over  the  narrower  face  of  ihB  rebate  a  Against 

PigTe?.  *^^^  ̂ ^®  glass  c  is  pressed,  and  a  portion  of  the  putty  is 
squeezed  out  and  fills  up  the  interstice  D.  Finally,  the 

wedge-shaped  front  putty  is  applied.  Large  panes  of  plate  glass  are  fixed  in  with 
wooden  beads,  and  are  frequently  bedded  in  wash-leather  or  vulcanised  india-rubber 
to  deaden  the  effects  of  concussion. 

The  method  of  glazing  with  small  squares  or  diamonds  of  glass  inserted  in 

strips  of  lead,  and  known  by  the  name  of  quarry  or  quarrel  glazing,  is  performed 

thus : — A  strip  of   lead  is  formed  in  section  like  the  letter  H.      This   is  calleil *  Qalton. 
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a  "came.''  Hie  desii'ed  pattern  is  then  formed  by  soldering  the  cames  together. 
To  insert  the  glass,  one  side  ot  the  came  is  bent  bade,  and  turned  down  a^in 

vhen  the  glass  is  in  its  placa  Windows  glazed  in  this  manner  usually  requii*a 
saddle-bars  of  iron,  to  which  the  leadwork  is  ̂ tened  with  copper  wire.  Large 
windows  are  often  supported  by  upright  stanchions  fixed  in  the  stonework,  and  to 
which  the  saddle-bars  are  affixed. 

The  practice  of  covering  the  walls  of  rooms  with  papers  with  patterns  printed 
in  colours  is  a  comparatively  modem  one,  and  one  that  has  been  by  no  means 
an  unmixed  benefit  to  the  health  of  society.  The  demand  for  a  bright  but 

cheap  wall-covering  has  led  to  the  production  of  wall-papers  of  gaudy  hue,  the 
very  brightness  of  which  is  but  too  sure  an  index  to  the  presence  of  poisonous 
colouring  matter ;  but  this  point  will  be  dealt  with  at  length  later  on. 

The  custom,  however,  is  a  well-established  one,  and  for  decorative  pui'poses  a 
convenient  one.  The  remedy  must  therefore  be  found,  not  in  the  abolition  of  wall- 

papers, but  in  an  approved  system  of  applying  the  colour,  which  shall  fulfil  the 
conditions  required  of  brightness  and  cheapness. 

Besides  injurious  consequences  arising  from  the  use  of  poisonous  colours,  the 
too  frequent  custom  of  hanging  fresli  papers  on  the  walls  of  a  room  without 
removing  the  old  papers,  however  many  they  may  be,  is  one  which  cannot  be  too 
strongly  condemned.  When  it  is  remembered  not  only  that  the  paper  itself  is 
almost  entirely  composed  of  vegetable  substances,  but  that  the  paste  with  which  it  is 
put  on  is  vegetable  also,  and  frequently  not  of  the  purest  description,  the  readiness 

with  which  a  mass  of  some  half-dozen  layers  decays,  and  ultimately  becomes 
putrid,  is  easily  understood.  To  cite  a  well-known  case  in  point.  At  the  old 
Koightsbridge  Barracks  considerable  annoyance,  accompanied  by  some  illness,  was 
caused  by  a  most  intolerable  stench.  This  was  ultimately  traced  to  the  papered 

walk  of  the  officers'  quarters,  which  were  found  to  be  covered  with  numerous  layers 
of  papers  one  over  the  other,  the  innermost  layers  being  in  a  state  of  putrid 
decomposition. 

In  re-papering  old  walls  it  is,  then,  of  the  first  importance  to  clear  away  all 
vestiges  of  the  old  papers  before  proceeding  to  hang  the  new  one.  Of  course  in 
many  instances  this  involves  additional  trouble  in  the  shape  of  making  good  the 
sarlace  of  the  plaster ;  the  process  of  scraping  off  the  old  papers  often  resulting  in 
small  pieces  of  the  plaster  being  detached.  Additional  trouble  obviously  means 
additional  expense;  hence  the  adoption  of  the  custom  at  the  expense  of  health.  A 
good  decorator  will  always  clearcole  his  walls  before  papering.  This  is  to  be 

commended  both  on  the  score  of  cleanliness  and  also  as  affoi*ding  a  goml  surface 
for  applying  the  paper. 

Paste  to  be  used  for  paper-hanging  should  be  made  of  the  best  white  wheat  flour 
and  clean  water.  Gum  ai*abic,  alum,  and  rosin  ai'e  sometimes  added  for  various 

purposes ;  but  for  all  ordinary  papei'S  the  pure  flour  paste  is  amply  suflicient. 
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CHAPTER  Xn. 

DETAILS  OF  OON8TRUCTION — nTAIrWORK. 

Hingei,  Fbitenlngi,  Loeki,  &nd  Handlet— Smitlui'  and  Ironirork— Rut— Plumbani*  Woric— Cutoni 
and  Tkpt— Water-Mrrioe  Fitting!. 

Ironmongery. — ^The  various  appliances  for  opening  and  closing  doors  and 

windows,  securing  tbem  from  intrusion, '  and  fastening  them  in  their  phices,  all 
have  to  be  fixed  by  the  carpenter,  and  are  usually  known  as  joiners'  ironmongery. 

It  is  not  within  the  scope  of  the  present  work  to  recommend  particular  inventions, 
or,  indeed,  specialities  of  any  sort.  All  that  can  be  done  here  is  to  describe  the 
apparatus  best  suited  for  the  purpose,  and  to  leave  the  reader  to  make  choice  out 
of  the  many  excellent  and  ingenious  things  he  will  find  ready  to  his  hands. 

Hinges  are  made  of  brass  or  of  wrought  and  cast  iron.  The  only  object  in 
using  brass  seems  to  be  appearance ;  it  is  a  bad  material,  both  on  account  of  its 
softness  and  its  tendency  to  corrode.  Probably  the  best  kind  of  hinge  is  cast  iron 
with  steel  pins.  It  is  mistaken  economy  to  use  very  narrow  hinges.  The  leverage 
on  the  screws  is  materially  reduced  by  using  wide  hinges,  and  the  additional  cost 

is  not  worth  considering.  Swing-doors  are  usually  hung  with  a  special  contrivance 
at  the  bottom.  The  door  fits  into  a  metal  shoe,  which  works  on  a  pivot  This 
pivot  is  regulated  by  a  spring,  which  is  fixed  under  a  brass  plate  flush  with  the 
floor.  These  are  expensive  things,  but  when  well  made  and  properly  fixed  they 
will  last  for  years.  About  the  best  kind  of  hinge  for  a  door  that  is  intended  to 

be  self-closing  is  that  known  as  a  "  rising  bqtf  The  part  which  is  fixed  to  the 
door  has  a  spiral  action  in  an  upward  direction  when  opening,  and  thus  the 
additional  advantage  is  gained  of  a  slight  rise  in  the  door,  by  which  it  is  enabled 
to  clear  the  carpet  when  opening  and  is  closer  to  the  floor  when  shut  Cross  garnet 
hinges  are  used  for  the  smaller  kinds  of  outhouse  doors,  and  strap  hinges,  with  hook 
and  ride  action,  for  the  larger  doors  and  gates. 

Many  varieties  of  screws  and  nails  are  used  in  fixing  joinery.  It  would  be 
impossible  here  to  enumerate  them  all,  nor  would  it  serve  the  present  purpose 
to  do  so.  In  old  joinery  the  work  was  put  together  with  wooden  pegs,  usually 

of  oak.  In  very  first-class  work  this  is  done  in  the  present  day;  indeed,  in 
work  not  intended  to  be  painted  it  is  almost  necessary  to  do  so  to  avoid  the 
unsightly  appearance  of  nail  and  screw  heads. 

Locks  for  ordinary  domestic  work  are  of  several  kinds.  Interior  doors  of  a  less 
thickness  than  two  inches  are  usually  fitted  with  a  lock  called  a  rim  lock,  the  mo. 
chanism  of  which  is  enclosed  in  an  iron  box,  which  is  screwed  on  to  the  face  of  the 

door.  The  box  is  usually  made  of  cast  iron,  and  japanned.  Amongst  recent  improve- 
ments in  the  manufacturo  of  rim  locks  may  be  mentioned  the  Anglo-ALmerican 

locks,  which  are  of  stronger  make,  better  in  design  and  finish,  and  better  japanned 
than  most  English  rim  lock&  The  casting  is  clean  and  true,  and  the  outer 
angles  of  the  locks  are  rounded,  and  thus  present  none  of  those  sharp  edges  which 
form  such  objectionable  features  in  the  ordinary  lock.     By  a  simple  contrivance 
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inside  the  lock,  the  screws  which  fasten  the  plate  on  are  not  brought  through  to 
the  Borfaoe.  The  mode  of  japanning  by  dipping  the  whole  lock  into  the  liquid 
japan,  instead  of  painting  it  on  with  the  brush,  together  with  the  much 
improTed  quality  of  the  japan,  greatly  improves  the  appearance  of  the  locks. 
Hie  coarse  and  streaky  appearance  of  many  rim  locks  is  due  to  the  inferior 
qualify  of  the  japan,  which,  indeed,  is  frequently  soft  enough  to  come  off  with 
a  slight  rubbing.  In  America  it  ia  the  custom  to  devote  very  much  more  care 
and  expense  to  the  ornamentation  of  rifti  locks  than  in  this  country,  the  outer 

plates  being  frequently  elaborate  and  beautiful  pieces  of  metal-work  even  in  inex- 
pensive locks. 

When  it  is  desirable  to  entirely  conceal  the  lock,  what  is  called  a  mortice 

lock  is  used.  The  object  to  be  aimed  'at  in  a  mortice  lock  ia  compcK^tness,  so 
that  the  style  of  the  door  shall  not  be  unnecessarily  cut  into  and  weakened. 
This  is  successfully  attained  by  a  lock  of  American  manu&cture,  in  which  the 
mechanism  is  arranged  in  so  small  a  space  that  the  mortice  to  receive  it  can 
easily  be  formed  in  ihe  space  between  the  tenons.  The  depth  of  these  locks  is 

only  1^  inches,  and  the  thickness  f  inch.  An  additional  advantage  is  the  simplifica- 
tion of  the  labour  of  fixing.  The  top  and  bottom  edges  being  rounded,  the  mortice 

can  be  made  by  simply  boring  two  holes  with  a  centre-bit^  and  cutting  away 
the  space  between  them,  the  labour  involved  in  making  the  mortice  rectangular 
being  entirely  dispensed  with. 

Another  useful  idea  which  is  carried  out  by  some  lock-makers  is  to  affix  a 
number  to  each  key  and  also  to  the  plate  of  the  lock.  A  register  is  kept 
of  all  lodes  and  their  destination,  so  that  a  lost  key  can  be  readily  replaced  or 
an  additional  key  obtained  merely  by  forwarding  the  number  to  the  maker.  It 
will  be  obvious  also  that  such  a  system  of  numbering  would  obviate  much 
inoQuvenienoe  resulting  from  mixing  up  the  keys  of  a  large  establishment. 

Locks  for  front  doors  are  nowadays  commonly  of  small  size,  but  are  often  of 
very  excellent  mechanism.  One  kind  of  lock  for  this  purpose  consiBts  of  a  number 
of  thiu  levers  of  brass  or  iron  working  side  by  sida  Another  kind  ia  a  solid 

holt  with  a  spring.  Both  kinds,  when  well  made,  are  convenient  and  efficient* 
By  an  arrangement  of  small  bolts  acting  on  the  levers,  these  locks  can  be  counter- 
locked,  so  that  the  key  cannot  be  worked  ;  they  can  also  be  held  open  when  it  is  so 
desired. 

The  usual  method  of  fixing  door-handles  is  a  very  poor  contrivance.  A 
acrew,  necessarily  short,  is  inserted  through  the  neck  of  the  handle,  to  get  what 

grip  it  may  on  the  ''  spindle,"  or  bar,  which  passes  through  the  lock.  The  con- 
sequence of  fixing  handles  in  this  way  is  that  they  are  constantly  coming  off.  A 

more  secure  way  is  that  adopted  by  the  American  manufacturers  before  mentioned. 
The  qnndle  is  grooved,  and  the  angles  indented  in  a  spiral  direction.  The  inside 
of  the  handle  is  grooved  in  a  screw  form,  and  thus  screws  on  to  and  retains  a 
fizm  hold  on  the  spindle ;  when  it  is  in  the  required  position,  a  screw  is  inserted 
in  the  neck  of  the  handle,  and  screwed  down  into  the  deep  groove  on  the  spindle; 
this  holds  the  ̂ i^tidlflg  firmly  in  their  proper  position. 

lAtches  to  streeVdoors  ought  always  to  have  a  plate  or  curtain  over  the  key- 
hole to  keep  oat  the  dirt 

The  i^liances  for  openmg  fanlights  and  casements  and  for  fastening  sashes 
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have  alreatly  been  mentioned.  One  additional  apparatus  oaght,  however,  to  l>e 
noticed  here.  It  is  what  is  known  as  an  Espaguolette  fastening,  and  is  nseil  for 

the  double  purpose  of  opening  and  closing  a  "  French  '*  casement  and  the  water- 
bar  an*angement  at  the  sill  simultaneously.  It  consists  of  a  long  rod  which  turns 
in,  closing  a  quarter  of  a  circle.  At  the  bottom  of  this  rod  is  a  curved  elbow, 

which,  when  the  rod  revolves  in  closing,  pushes  the  water-bar  into  its  place. 
When  the  use  of  such  a  fastening  is  imperative,  care  should  be  taken  that  the 

workmanship  is  the  best  obtainable ;  a  badly-made  contrivance  is  often  worse  than 
none  at  all. 

Smit/is'  Work. — ^In  building  and  fitting  up  a  house,  the  aid  of  the  smith  and 
iron-founder  must  be  called  in  to  supply  iron  girders,  stoves,  cisterns,  and  any 
other  constructive  appliances  or  fittings  which  it  is  desirable  to  make  of  iron. 

Though  iron  girdei*s  of  any  great  size  are  principally  used  for  warehouse  and 
factory  building,  it  is  sometimes  necessary  in  large  houses  to  employ  a  considerable 
amount  of  them.  In  town  houses  too,  built  in  flats,  it  is  necessary  to  make  the 
floors  fireproof,  and  for  this  purpose  iron  beams  embedded  in  concrete  are  employed 
to  carry  the  floors.  It  is  impossible  here  to  give  an  accurate  description  of 

the  appearances  of  the  diffei'ent  qualities  of  iron,  or  to  enumerate  the  various 
tests  by  which  the  strength  of  a  beam  or  girder  can  be  ascertained;  nor  would 
it  be  of  any  real  Service  to  do  so.  The  qfiality  of  iron  ought  to  be  examined 
by  some  competent  person,  and  the  strength  tested  by  some  such  means  as  the 

very  ingenious  machinery  invented  by  Mr.  Kircaldy.  These  i*emarks  apply,  of 
courae,  to  cases  where  a  more  or  less  extensive  use  of  iron  for  constructive  purposes 
is  contemplated. 

In  arranging  the  sizes  of  ii'on  cisterns,  regard  should  be  had  to  the  position 
they  are  to  occupy.  They  should  not  ordinarily  be  more  than  3  feet  6  inches  deep, 
and  some  provision  should  be  made  by  which  they  can  be  cleaned  out  easily.  A 
good  plan  is  to  make  the  bottom  slope  to  the  centre,  with  plug  and  hole  to  open 
when  the  cistern  is  empty.  The  size  of  a  cistern  should  be  calculated  at  1  cubic  foot 

for  every  6^  gallons.  A  space  of  at  least  3  inches  in  height  should  be  left  above 

the  water-line.  Iron  cisterns  should  be  galvanised — ^that  is,  covered  with  a  thin 
coating  of  zinc,  to  preserve  the  iron  from  oxidation.  This  process  answers 
perfectly  so  long  as  the  coating  is  intact ;  when  once  the  iron  is  exposed,  either  by 
the  metal  itself  cracking  or  the  coating  of  zinc  being  too  thin  or  becoming  damaged, 
the  action  of  the  atmosphere  eventually  destroys  the  iron. 

Iron  casements  are  mostly  used  when  the  framework  or  mullions  of  the  windows 
are  made  of  stone.  They  are  usually  made  of  wrought  iron,  and  are  furnished 

with  very  similar  apparatus  for  opening  and  closing  to  wooden  casements,  bat  they 
are  rarely  weathertight 

Iron  is  also  employed  for  columns,  parts  and  sometimes  the  entire  fi'araework 
of  roofs,  eaves,  gutters,  pipes  of  all  kinds,  and  for  stoves  and  ranges.  In  America 
whole  fronts  of  houses  are  constructed  of  cast  iron  framed  and  bolted  together, 
and  fashioned  in  such  a  way  as  to  present  the  appearance  of  masonry.  The  result  is 
not  such  as  to  encourage  an  imitation  in  this  country.  It  may,  however,  be  remarked 
that  the  use  of  iron  for  constructive  purposes  has  scarcely  had  a  fair  trial  in  England. 
It  yet  remains  to  be  seen  how  this  valuable  maieiial  can  be  honestly  adapted  to 
purposes  of  architecture  beyond  those  to  which  it  is  at  present  applied. 



PROTECTION   FROM   R08T.  131 

One  of  the  principal  difficulties  attending  the  use  of  iron  in  exposed  positions 
is  its  tendency  to  oxidise,  or  rust.  Rust  Ls  produced  by  the  combination  of  the 
oxygen  in  the  air  and  moisture  with  the  iron,  and,  if  not  arrested  or  prevented, 
will  gradually  destroy  the  entire  substance  of  the  metaL  Cast  iron  oxidises  less 
rapidly  than  wrought  iron. 

'In  order  to  prevent  oxidation,  it  is  necessary  to  cover  tiie  surface  of  the  metal 
in  ao  complete  a  manner  that  no  part  shall  be  exposed  to  the  action  of  the 
atmosphere;  and  in  order  to  do  this  efficiently  it  must  be  done  before  the  air 
Las  had  a  chance  of  commencing  its  deleterious  action,  and  hence  it  is  usual  to  give 
it  a  coat  of  paint  or  other  covering  substance  before  it  leaves  the  foundry. 

Galvanising  has  been  mentioned  above.  The  process  consists  of  first  cleaning 
the  iron  by  steeping  it  for  some  hours  in  water  containing  sulphuric  acid,  then 
scouring  with  sand,  washing,  and  placing  it  in  clean  water.  The  iron  is  then 
heated,  immersed  in  chloride  of  zinc  as  a  flux,  and  then  plunged  into  molten  zinc, 
the  surface  of  which  is  protected  by  sal-ammoniaa  As  there  is  always  the  liability 
of  the  zinc  coating  becoming  damaged  or  worn  off,  this  process  can  hardly  be 
r^arded  as  entirely  satisfactory. 

Painting  is,  if  properly  applied,  a  tolerably  efficient  protection.  Cast  iron 
should  be  painted  immediately  it  leaves  the  mould,  before  the  air  has  time  to 
act  upon  it.  By  this  means  the  hard  skin  formed  on  the  surface  during  the 
process  of  casting  is  preserved  intact.  Wrought  iron,  on  the  other  hand,  when  it 
leaves  the  rollers,  has  a  hard  skin  of  oxide,  which  needs  to  be  removed  before  the 
paint  is  applied.  The  most  efficient  process  for  effecting  this  is  to  dip  the  iron 
in  dilute  acid,  by  which  means  the  scale  is  removed.  This  is,  however,  a  costly 
process,  and  seldom  employed  in  practica  The  use  of  ordinary  lead  paints  would 
seem  to  be  objectionable,  on  account  of  the  galvanic  action  said  to  be  set  up 

between  the  iron  and  lead.  Mr.  Matheson*  recommends  for  ordinary  ironwork 
oxide  of  iron  paints,  and  for  the  inside  of  pipes  bituminous  painta 

A  process  invented  by  Mr.  Barff  seems  likely  to  prove  successful  in  preventing 
oxidation.  The  iron,  after  being  carefully  cleaned,  is  exposed  in  a  chamber  kept  at 

a  high  temperature  to  the  action  of  super-heated  or  "dry  *'  steam.  The  steam  being 
decomposed  by  the  heat,  its  oxygen  deposits  on  the  surface  of  the  iron  a  black 
or  magnetic  oxide,  vdiich  is  quite  impervious  to  atmospheric  action,  and  effectually 
protects  the  surface  from  oxidation.  The  power  of  resistance  to  injury  which 
this  oxide  possesses  depends  upon  the  degree  of  heat  at  which  the  operation  is 

performed  and  the  length  of  time  it  occupies.  Thus,  if  the  operation  be  per- 

formed at  a  temperature  of  500°  Fahr.,  and  for  five  houra,  the  coating  will  resist 
emery-paper  for  some  considerable  tima  If  the  temperature  be  raised  to  1,200^ 
Fahr.,  and  the  operation  be  continued  for  seven  hours,  the  oxidised  surface  'will 
nast  the  action  of  a  rasp,  and,  moreover,  will  not  oxidise  under  any  amount 
of  exposure.  An  additional  fact  of  value  is  that  if^  by  any  chance,  a  hole  be 
left  in  the  surface,  the  iron  will  rust  in  the  ordinary  manner,  but  the  rust  will  not 
make  its  way  under  the  surface  of  the  magnetic  oxido. 

Dr.  Angus  Smith's  process  for  the  protection  of  iron  pij^es  consists  of  immersing 
the  iron,  heated  to  700**  Fahr.  in  a  mixture  of  coal-tar,  pitch,  and  linseed  oil,  heated 
to  300*  Fahr.      The  pij^es  are  left  in  the  mixture  until  they  are  reduced  to  the 

•  "  Works  in  Iron." 
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temperature  of  300°  Fahr.,  when  they  are  withdrawn,  and  pat  to  oool  in  a  vertical 
position. 

Plumbing. — ^We  now  come  to  that  branch  of  the  building  trade  which  causes 
more  trouble  and  grief  to  the  British  householder  than,  probably,  all  the  other 

trades  put  together.  Every  one  knows — at  least,  every  householder  who  lives  in 

a  house  built  by  a  speculating  builder  knows — ^the  miseries  attendant  on  a  burst  pipe 
or  a  ball-valve  out  of  order.  The  plumber  is  sent  for,  and  spends  more  or  less  of  his 

valuable  "time  and  materials" — ^generally  more— at  the  householder's  expense,  and 
ostensibly  for  his  benefit.  The  ultimate  gainer  is,  however,  not  the  householder, 
but  the  plumber,  for  the  evil,  whatever  it  be,  invariably  breaks  out  in  a  fresh  place 
on  the  first  opportunity.  It  certainly  is  not  too  much  to  say  that  ninety  per  cent 

of  the  failures  of  the  plumbing-work  in  ordinary  houses  of  the  villa  and  smaller 
classes  result  entirely  from  bad,  ignorant,  or  dishonest  workmanship.  Thin  pipes, 
bad  joints,  and  improper  materials  are  at  the  root  of  the  evil 

The  distribution  of  water  about  a  house  is  a  matter  that  ought  to  have  more 
attention  given  to  it  than  is  usually  the  case.  The  arrangement  of  the  various 

pipes  from  the  point  where  they  leave  the  main  supply-pipe  to  the  general- 
service  cistern,  and  thence  to  the  different  parts  of  the  house,  is  generally  left 
to  the  intelligence  of  the  journeyman  plumber,  who  exercises  his  own  ingenuity 
in  fixing  them,  often  in  inaccessible  places,  and  where  they  cannot  fail  to  be 
affected  by  frost,  to  the  serious  inconvenience  of  the  household.  All  pipes  should 
be  fixed  in  such  positions  that  they  are  easily  accessible  without  unnecessarily 

disturbing  the  walls  and  fioora  It  is  important  that  the  supply-pipe  from  the  main 
in  the  street  should  be  so  placed  as  to  be  safe  against  the  severest  frost  likely  to 
occur.  For  this  pur}X)se  it  should  ordinarily  be  buried  not  less  in  any  part  than 
from  two  to  three  feet  beneath  the  surface  of  the  ground,  and  in  its  course  through 
the  portion  of  the  house  to  the  cistern  it  should  be  carried  along  the  walls :  it 
should  not  be  sunk  in  the  walls  or  the  plaster,  as  is  frequently  done  with  all 
pipes,  to  put  them  out  of  sight  The  object  of  this  is  that  the  pipe  may  be  more 

easily  encased  with  felt  or  other  non-conducting  material,  to  protect  it  from  frost 
The  service-pipes  from  the  cistern  should  be  so  arranged  that  by  means  of  a 

stop-cock  immediately  under  the  cistern,  or  as  near  thereto  as  possible,  the  water 
may  be  shut  off  from  the  pipes,  and  they  may  be  emptied  whenever  necessary, 
either  for  repairs  or  on  the  approach  of  frost  This  is  a  most  useful  arrangement^ 
and  one  that  ought  not  in  any  case  to  be  omitted.  It  is  necessary  to  observe^ 
moreover,  that  in  fixing  the  pipes,  every  pipe  should  be  so  arranged  as  to  allow 
it  to  empty  itself  completely  when  the  supply  has  been  shut  off  at  the  cistern 

by  means  of  the  stop-cock  above  referred  to,  and  when  the  tap  at  the  outlet  has  been 
opened.  Water-pipes,  as  a  rule,  should  not  be  fixed  in  positions  where  they  are 
specially  liable  to  draughts  of  cold  air ;  hence  they  should  not  be  placed  immediately 

beneath  a  window,  because  in  cold  weather  the  current  of  cold  air  passing  down- 
wards from  the  window,  even  though  the  window  be  dosed,  is  very  liable  under 

certain  conditions  to  cause  the  water  in  the  pipes  to  freeza 

Pipes  for  conveying  water  from  the  main  supply-pipes  in  the  roads  are,  in 
London,  almost  invariably  of  lead.  The  bye-laws  of  the  metropolitan  water 
companies  compel  the  use  of  lead  pipes  when  fixed  under  ground. 

The  following  table,  extracted  from  Mr,   S.  S.  Hellyer's  ''The  Plumber  and 
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Sanitary  Hooaes,"  gives  the  weights  per  yard  of  the  kind  of  lead  pipes  irhich  ought 
to  be  used  for  tf&ter-Bervice  in  houseg  : — 

I       lln. 

The  size  of  the  main  servioe-pipe  &om  the  water  company's  main  is  usoally  fixed 
by  the  company.  It  most,  however,  vary  with  circumataaces,  such  as  distance, 
unonnt  o£  storage,  size  of  house,  Ac.  Between  the  main  and  the  first  branch 
pipe  a  stopcock  should  be  fixed,  so  that  in  case  of  aocideut  the  water  may  be  turned 

ofi*  entirely.  Another  stop-cock  or  valve  is  required  by  the  London  water 
companies  to  be  fixed  outside  the  house,  for  the  use  of  their 
officers  only.  It  is  also  advisable  in  cases  where  there  are 
several  cisterns,  and  more  especially  where  there  is  a  constant 

letrice,  to  have  a  stop-cock  fixed  in  connection  with  each  ball- 
valve,  80  that  the  water  can  be  turned  off  from  any  oue  cistern 

without  interfering  with  the  others.  In  case  of  a  cistern  re- 
qoiring  to  be  cleansed,  this  arrangemeiit  will  be  found  of 
service.  Joints  in  lead  water-pipes  should  always  be  of  the 
form  known  as  a  wiped  joint  (Fig^  68),  This  joint  is  formed 
by  inserting  tiie  end  of  one  pipe,  the  edge  of  which  has  been  ni.  a. 
previously  rasped  down,  about  ̂   to  j  of  an  inch  into  the 
other.  The  joint  is  then  covered  with  molten  solder  until  a  sufficient  thickness 
is  obtained,  when  it  is  wiped  round  with  a  special  kind  of  cloth.  This  kind  of 
juint  is  the  most  durable  for  ordinary  purposes  of  plumbings  for  pipes  for  oonveyiug 

water  it  is,  indeed,  the  only  one  permissible  under  most  water  companies'  regulations. 
For  the  sake  of  warning  the  reader  what  to  avoid,  an  illustration  is  bera  given 

of  a  Uown  joint  (Fig.  69).  This  joint  is  made  by  blowing  the  flame  from  a  bundle 
of  lighted  rushes  on  to  the  pipe  to  be  jointed,  and  applying  to 
the  heated  part  the  end  of  a  stick  of  solder.  It  is  not  strong 
enough  to  stand  any  great  pressure  of  water,  and  for  this  reason 
should  not  be  permitted  in  domestic  plumbing. 

In  aU  jointe  in  soil,  WBSt«,  or  water  pipes,  care  should 
be  taken  that  the  innermost  pipe  ent«^  the  outer  pipe 

in  the  direction  of  the  cun-ent,  otherwise  the  ledga 
which  must  necessarily  be  formed  will  become  a  harbour 
for  any  dirt  or  foreign  matter  that  may  chance  to  be  in  the 

tig,  m.  water.  . 

In  cottages,  artisans'  dwellings,  and  in  any  situations  where 
lead  pipes  would  be  liable  to  bo  injured,  fxe  stolen  for  the  sake  of  the  metal,  gal- 
Taoised  iron  pipes  should  be  used. 

^le  flow  of  water  into  a  ustem  is  r^ulated  by  an  apparatus  called  a  ball- 
valve.  The  principle  of  the  ball-valve  is  this ; — A  hollow  ball,  which  oiiglit  to  !«, 
and  usually  is,  made  of  copper,  works  on  the  end  of  a  lever.  This  levor  is  altuched 

to  a  valve  fixed  on  to  the  open  end  of  the  supply-pipe  in  sueh  a  manuer  that  when 
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the  water  reaches  a  certain  level  ia  the  cistern,  the  boll,  floating  on  the  snrface 

of  the  water,  closes  the  valve  by  means  of  the  lever  ann.     Aa  the  surface  of  the 

water  descends  by  the  water  b^ng  drawn  off,  the  ball  descends  with  it,  and  gradu- 
ally re-opens  the  valva     It  is  a  point  of  the 

greatest  impoitance,  both  for  the  water  com- 
paniee  and  the  consumer,  to  insist  upon  the  ball- 
valves  being  of  the  best  and  strongest  description. 
It  was  calculated  lately,  and  probably  on  good 

foundation,  that  in  one  street  alone  in  a  pro- 
vincial   town,  which  provides  its  own  wat«r- 

snppty,  over  2,000  gallons  of  water  a  day  are 

wa8t«d,  solely  by  the  inefficient  ball-valves  and 

j^  j^  other  fittings.     In  order  to  see  that  the  ball- 
valves  are  acting  properly,  it  is  well  to  have  a 

contrivance  of  some  such  kind  as  this  (Fig.  70) : — A  is  the  ball,  b  ih»  wat«r,  C  a 
hollow  float  of  line  attached  to  a  chain  or  cord  and  balance-weight  The  cord, 

running  over  pulleys,  raises  or  lowers  the  balance-weight  with  the  rise  and  fall  of 
water  in  the  cistera  It  b  also  useful  as  an  index  to  show  the  amount  of  wat«r 
in  the  cistern. 

Taps  for  drawing  water  for  use  are  made  either  in  brass  or  gun-metaL  They 

are  of  three  kinds,  known  respectively  aa  "plug,"  "spring,"  and  "screw-down." 
The  plug  tap  is  the  ordinaiy  old-fashioned  tap,  in  which  the  water  is  turned 
off  or  on  by  means  of  a  plug  with  a  handle.  It  is  objectionable  for  two  reasons : 
first,  because  the  act  of  dosing  the  tap  forces  back  the  column  of  water  with  so 
sudden  a  concussion  that  the  pipe  is  weakened,  and  eventually  not  unfrequently 
bursts;  secondly,  the  construction  of  the  ts^  is  such  that  repairs  are  costly,  and 

must  be  executed  by  skilled  workmen.  These  taps  are  prohibited  by  the  K^pila- 

tions  made  under  the  ■'  Uetropolts  Water  Act,  1871,"  by  the  Board  of  Trade, 
Spring  taps  have  one  advantage  only  over  plug  t^is — that  of  preventing  the 

possibility  of  waste  by  leaving  the  tap  open.  They  are,  however,  equally  objection- 
able, as  causiiLg  a  sudden  concussion  in  the  pipe.  This  kind  of  tap  is  also  prohibited 

by  the  regulations  before  mentioned. 

Screw-down  taps  have  the  advantage  of  stopping  the  water  gradually  without 
any  concussion.  It  would  appear  also  that,  notwithstanding  the  teodency  not 
to  shut  these  taps  off  completely,  there  is  actually  less  waste  involved  in  their 
use  than  with  either  of  the  other  kinds.  Hence  this  description  of  tap  ia  the 

one  specified  as  permissible  in  Uie  "Regulations."  Another  advantage  possessed 
by  this  tap  is  that  it  is  easily  repaired,  and  that  frequently  without  the  neceesity 
for  employing  skilled  labour. 

Taps  for  supplying  hot  and  cold  water  to  baths  should  always  discharge 
over  the  highest  level  of  the  water  in  the  bath;  the  old-&shioned  three-way 
cocks,  by  which  the  same  orifice  in  the  bottom  of  the  bath  did  duty  for  both 
supplies  and  waste,  being  most  objectionable. 

The  London  water  companies  usually  require  that  all  taps  shall  be  of  the 

"  screw-down  "  kind.  These  taps  have  the  advantage  of  not  shutting  off  the  water 
witl)  a  sudden  jar,  as  is  done  by  the  ordinary  bib-cock. 

Bath  taps  can  be  made  in  the  same  way,  and  are  gi-eatly  to  be  preferred  to 
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the  old  and  expensive  taps  which  work  with  a  long  rod  from  the  upper  edge  of  the 
bath  to  the  pipe  beneath.  Bath  taps  may  with  advantage,  in  houses  where  a 

housemaid's  closet  of  sufficient  size  cannot  be  arranged,  be  made  to  discharge  far 
enough  over  the  edge  of  the  bath  to  allow  cans  and  jugs  to  be  filled  from  them. 
A  kind  of  tap  is  also  made  which  requires  to  be  held  open,  or  it  shuts  itself  with 

a  weight.  For  flashing  out  slop-sinks  a  screw><iown  valve  should  be  used,  and 
arranged  in  such  a  manner  that  the  water  takes  a  spiral  direction  in  the  basin.  For 

lavatory  basins  there  are  nothing  better  than  the  valves  with  pull-up  action.  They 
are  self-closing,  and  can  be  fitted  up  with  any  degree  of  taste  and  ornament.  Ivory, 
ebony,  and  plated  mountings  are  all  appropriate. 

As  a  rule,  as  already  stated^  ail  water-closets  and  baths  require  lead  trays  to  be 
formed  underneath,  to  intercept  and  carry  off  the  drippings  and  overflowings  certain 

to  occur  sometimes.  This  tray,  or  *'  safe,"  as  it  is  called,  should  be  cut  out  of  one 
piece  of  lead,  weighing  five  or  six  pounds  to  the  suj^erficial  foot,  turned  up  four 

inches  all  round,  and  soldered  at  each  angle.  A  short  piece  of  waste-pipe  discharging 
in  the  open  air  is  fixed  at  one  end  of  the  safe,  which  must  have  a  slight  fall 
to  the  pipe.  Mr.  Hellyer  recommends  that  all  slate  and  iron  cisterns  should  have 
safes  also.  In  practice  this  is  very  seldom  done,  but  it  is  a  precaution  which 
ought  always  to  be  taken,  as  the  condensation  on  the  under  surface,  especially 
of  iron  cisterns,  is  often  very  considerable— quite  enough,  indeed,  at  times  to  spoil 
a  ceiling,  if  there  happen  to  be  one  underneath. 
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CHAPTER  Xm. 

FITriNG& — BATHS,   8IXKS,   AND  WATER-CLOSETS. 

Baths— LftTatoriei — ^Water-doaets— ETils  of  the  Common  Pui-clowt — ^Various  improved  Systems— 
Preoautions  in  Use  and  Care  of  Closets — ^Flushing  Anangements— Sinks. 

XJpOK  the  quality  and  oiTangement  of  these  fittings  will  depend  so  much  of 
its  convenience  to  the  occupier  that  attention  to  them  is  indispensable  in  every 
house. 

A  house  that  contains  some  special  contrivance  by  which  even  a  small  amount 
of  labour  may  be  saved,  or  which  may  afford  some  special  satisfaction  to  the 
intending  occupier,  will  invariably  be  selected  sooner  than  a  similar  house  without 

such  contrivance.  This  may  mean  avoiding  the  loss  of  a  quarterns  rent,  or  the 
retention  of  a  tenant  for  an  indefinite  time  who  would  otherwise  leave  the  house 

on  the  landlord's  hands;  and  in  this,  if  in  no. other  way,  the  careful  arrangement 
of  the  internal  fittings  of  every  house  must  be  regarded  as  likely  to  fully  justify 
any  extra  outlay  they  may  involve.  Hence  it  is  necessary  to  consider  the  fittings 
and  fixtures  of  a  house,  to  their  smallest  detail,  with  the  utmost  attention. 

The  object  of  most  fittings  and  fixtures  is  to  increase  convenience  and  oomforti 
to  diminish  labour,  and  to  promote  cleanliness  and  tidiness.  Thus  we  have 

baths,  lavatories^  indoor  water-closets,  sinks  of  various  descriptions,  and  hot  and 
cold  water  supply  on  upper  floors^  cupboanls  and  closets  for  clothing,  linen,  and 
general  stores,  various  arrangements  for  preparing  food  and  keeping  and  cleansing 

the  appliances  used  at  meals.  Then  there  are  the  bells,  speaking-tubes,  and 
telephones,  or  other  means  of  communication  with  the  inner  and  outer  world, 

serving-hatches,  lifts,  coal-stores  upstairs,  soiled  linen  places,  drc. 
The  habit  of  bathing  is  of  very  ancient  date.  In  the  East)  bathing  and 

ablution  have  formed  part  of  the  religion  for  many  centuries.  In  ancient  Rome, 

where,  unlike  modem  London,  water  of  excellent  quality  was  available  for  every- 
body in  unlimited  quantities,  the  use  of  the  bath  was  very  general.  Both  private 

and  public  baths  were  numerous,  and  the  latter,  as  can  be  seen  from  their  ruins, 
were  of  great  extent  and  magnificence,  comprising  buildings  of  the  grandest 
proportions,  containing  colonnades,  and  halls  of  various  sizes,  adorned  with  the 
finest  paintings  and  sculptures.  The  habit  of  bathing,  common  among  the  Romans, 
was  imported  by  them  into  this  country;  for  numerous  remains  of  Roman  baths 
have  been  discovered  in  various  parts  of  England.  The  grandeur  and  extent 
of  the  baths  of  Rome  was  undoubtedly  due  to  the  extraordinary  quantity  of  water 
with  which  the  city  was  supplied  by  means  of  aqueducts;  and  when  our  own 
metropolis  and  laige  provincial  towns  receive  the  bountiful  supplies  of  water 
which  some  of  them  have  been  contemplating,  it  is  to  be  hoped  the  use  of  the 

bath,  which  has  already  greatly  increased  during  the  last  thirty  or  forty  years, 
will  become  still  more  general  throughout  the  country. 

Baths  such  as  are  ordinarily  fixed  in  private  houses  are  made  of  copper,  cast- 
iron,  tinned   iron,  zinc,  slate,  glazed  fire-clay,  or  porcelain,  and,  within  a  recent 
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period,  concrete.  Baths  are  also  sometimes  formed  of  brickwork,  and  lined  with 
tiles  or  glazed  bricks,  bat,  owing  to  the  number  of  joints,  these  are  not  very 
satisfactory.  The  metal  baths  are  usually,  though  not  invariably,  painted  or 
enamelled  in  imitation  of  marble,  but  this  covering  material  is  very  liable  to 

damage  and  come  ofL  With  cast-iron  this  is  specially  likely,  partly  owing  to 
the  metal  being  less  elastic  than  copper  and  zinc,  and  partly  owing  to  the  fact 
that  iron  is  so  readily  oxidised  when  in  contact  with  moisture.  Iron  baths  are 
comparatively  inexpensive,  but  they  change  colour  after  a  time,  and  do  not  look 
as  clean  and  nice  as  is  usually  desired.  Zinc  baths  are  also  inexpensive,  but 
they  are  not  so  durable  as  copper  baths,  and  unless  they  are  specially  supporteil 
underneath  with  proper  wooden  framework,  they  are  apt  to  get  out  of  shape 
with  constant  use,  and  they  then  fail  to  let  all  the  water  run  out  Cop[>cr  baths 
are  the  most  costly  and  durable  of  metal  baths,  and,  on  the  whole,  are  perhaps 
the  best  for  ordinary  private  use. 

Slate  baths  are  generally  enamelled  in  imitation  of  marble,  but  the  enamel 
is  liable  to  damage,  and  when  chipped  off  gives  an  untidy  appearance  to  the 
bath  Slate  baths,  when  not  enamelled,  have  the  disadvantage,  owing  to  their 
dark  colour,  that  it  is  difficult  to  see  when  they  are  thoroughly  clean.  Slate  baths, 
moreover,  have  to  be  put  together  in  slabs,  and  unless  the  work  is  exceptionally 
well  done,  they  are  liable  to  leak  at  the  jointa  From  the  same  cause,  moreover, 
they  have  square  angles  and  comers,  which  it  is  difficult  to  keep  permanently 
dean. 

Glazed  fire-day  baths,  on  the  other  hand,  being  formed  all  in  one  piece, 

have  carefully  rounded  angles  and  corners,  in  which  dii*t  cannot  well  accumulate. 
The  substance  of  fire-clay  baths  is  very  durable,  and  the  glaze  is  not  easily 
damaged;  while  the  colour — a  white  or  pale  cream — allows  any  dirt  to  l)e  at 
once  detected.  These  are  all  considerable  advantages,  and  entitle  this  kind  of 
bath,  which  is  said  to  have  originated  at  the  suggestion  of  the  late  Prince  Consort, 
to  the  large  share  of  praise  usually  accorded  to  it  Its  disadvantages  are  its 
weight  and  cumbersomeness,  and  its  power  of  absorbing  heat  from  the  hot  water 
pat  into  it  These  baths  are  also  rather  costly,  owing  partly  to  the  length  of 
time  and  great  heat  necessary  in  baking  them,  and  partly  to  the  largo  proportion 
that  are  damaged  in  the  process  of  baking.  If,  however,  one  is  selected  with 
a  sli^t  blemish  in  the  upper  part,  where  it  would  not  in  the  least  be  prejudiciid 
to  the  use  of  the  bath,  a  considerable  reduction  in  the  price  is  usually  made. 

Concrete  baths  are  of  quite  recent  origin.  They  are  cast  all  in  one  piece, 

and  possess  some  of  the  advantages  of  fire-clay  baths,  and  are  cheaper.  They 

are,  however,  heavy  and  cumbersoma  An'  advantage  possessed  by  concrete  as 
a  material  for  baths  is  that  it  is  not  affected  by  the  use  of  sulphur  and  other 

chemical  preparations  used  in  medicinal  bathing.  This  fact  is  not  without  import- 
ance, though  it  is  one  that  does  not  apply  to  the  majority  of  baths. 

In  these  days,  when  baths  are  held  in  such  estimation  as  necessary  for  health 

and  vigour,  when  bath-rooms  are  attached  to  every  suite  of  rooms  in  the  better  houses 

and  hotels,  and  when  every  new  house  of  forty-five  or  fifty  pounds'  rental  value 
is  considered  incomplete  without  its  bath-room,  it  is  of  advantage  if  the  ordinary 
bath  can  be  supplemented  by  a  shower-bath.  This  may  be  effected  with  very 

little  difficulty,  and  affords  a  most  invigorating  adjunct;  in  fact,  no  bath-room 13 
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should  be  considered  complete  without  a  shower-bath,  for,  although  the  latter 
may  be  but  little  used  in  winter,  it  produces  a  most  refreshing  sensation  when 
used  in  summer. 

It  may  be  expected  that  before  many  years  have  elapsed  it  will  be  deemed 

an  essential  in  every  bath-room  in  the  houses  of  our  principal  inland  towns,  no 
less  than  in  those  near  the  ooast,  that,  besides  hot  and  cold  water,  a  third  tap 

should  be  furnished  for  the  supply  of  sea-water;  for  already  sea-water  is  daily 
brought  to  London  by  railway  from  the  east  coast,  and  projects  are  on  foot 
for  a  systematic  supply  to  the  metropolis  by  pipes  from  the  south  coast  In 

some  seaside  towns  arrangements  already  exist  by  which  sea-water  is  carried  in 
mains  to  various  parts  of  the  town,  for  use  in  watering  the  roads,  and  it  would 

*  not  be  difficult  to  lay  on  this  water  to  the  houses  in  the  neighbourhood. 
Wherever  a  bath  is  fixed,  it  is  usual  to  cover  the  floor  beneath  it  with  sheet 

lead,  turned  up  an  inch  or  two  all  round,  so  as  to  form  what  is  called  a  nafe^ 
in  order  to  prevent  damage  to  the  ceilings  immediately  below  in  the  event  of 
the  bath  overflowing  from  any  cause.  The  safe  is,  of  course,  provided  with  a 

suitable  waste-pipe. 
Where  portable  baths  of  various  sorts  are  in  use,  such  as  sponge-baths,  hip-baths, 

dec.,  it  is  convenient  to  provide  a  safe  about  eighteen  or  twenty  inches  deep» 

when  it  forms  an  excellent  place  in  which  to  use  a  shower  or  sponge-bath;  or, 
indeed,  where  water  is  plentiful,  to  use  this  deep  safe  itself  as  a  sort  of  miniature 

swimming-bath  for  children. 
Whatever  kind  of  bath  is  adopted  for  a  house,  it  is  important  to  have  means  of 

rapidly  emptying  and  charging  it  This  is  a  point  often  neglected  by  builders, 
the  result  being  that  where,  as  is  more  often  the  case,  there  is  but  one  bath 
in  a  house,  the  delay  of  preparing  it  for  use  immediately  after  a  person  has  bathed 
in  it  frequently  leads  to  its  use  by  a  second  or  a  third  person  being  dispensed 

with.  The  waste-pipes  should  be  not  less  than  two  inches  diameter,  and  the 
supply  and  overflow  pipes  proportionately  lai^  The  holes  in  the  grating  at 

the  outlet  of  the  bath,  as  well  as  the  water-way  through  the  waste-valve,  should  of 
course  be  arranged  so  as,  in  the  aggregate,  to  allow  a  free  passage  equal  to  the 

sectional  area  of  the  waste- pij^e. 
For  the  supply  of  water  to  a  bath  it  is  not  uncommon  to  find  an  arrangement 

under  which,  by  a  system  of  valves,  both  the  hot  and  the  cold  water  enters  the 
bath  at  the  same  orifice  as  the  discharge  or  waste  pipe.  This  is  a  plan  which 
can  scarcely  be  too  strongly  condemned.  The  outlet  from  a  bath  will  always 
have  a  certain  amount  of  soapy  and  other  matters  clinging  to  its  sides  after  the 
bath  has  been  used ;  and  when  the  bath  is  refilled  through  the  same  channel,  this 
will  be  carried  back  into  the  bath,  thereby  contaminating  the  water.  The  clean 
water  should  always  be  admitted  to  a  bath  at  a  point  above  the  ordinary  level 
of  the  water  in  the  bath.  For  baths  used  by  young  children  and  in  schools  it  is 

advisable  that  the  hot-water  tap  should  have  a  movable  handle  or  ''  spanner,"  to  be 
kept,  when  not  in  use,  out  of  reach  of  the  children,  in  order  to  avoid  the  possibility 
of  the  children  improperly  turning  on  the  hot  water  and  scalding  themselves. 

It  is  usual  to  case  in  the  bath  with  framed  and  panelled  woodwork ;  but  this 

would  be  better  omitted,  in  order  that  the'  space  under  and  around  the  bath  may 
be  visible  and   easily  kept  clean.      Baths  are  now  very  commonly   made   with 
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ornamental  feet^  and  the  sides  enamelled  in  imitation  of  marble,  in  order  to  obviate 
the  necessity  of  casing. 

lavatories  in  the  ordinary  sense  aie  fixed  wash-hand  basins,  with  water  hud  on 
to  them  and  waste-pipes  from  them.  They  are  less  indispensable  than  baths, 
because  an  ordinary  wash-hand  stand  with  basin  and  ewer  will  answer  the  purpose. 
Fixed  lavatories,  however,  especially  when  supplied  with  hot  water  as  well  as 
cold,  are  more  or  less  of  a  luxury.  They  are  rarely  fixed  in  positions  where  an 

ordinary  wash-hand  stand  may  be  used,  such  as  in  bed-rooms  and  dressing-rooms, 
doubtless  mainly  because  of  the  objection  to  having  anything  in  the  form  of  a 

waste-pipe  actually  in  the  sleeping-room.  There  is  no  reason,  however,  why,  if 
the  mode  of  getting  rid  of  the  waste  water  is  satisfactorily  and  properly  arranged, 
fixed  lavatories  should  not  be  more  largely  adopted  for  ordinary  use  than  is 
commonly  the  case.  Indeed,  in  some  houses  and  hotels  very  great  advantage 
results  firom  the  arrangement,  inasmuch  as  there  is  a  considerable  saving  of 
domestic  labour  in  supplying  clean  and  removing  dirty  water,  and  wherever  this 
can  be  done,  even  in  a  small  degree,  it  is  obviously  of  much  advantage.  Where 
there  may  be  objection  to  fixed  lavatories  in  the  habitable  rooms  of  a  house, 
it  is  nevertheless  useful  to  provide  them  in  some  position  common  to  all  in  the 

house,  so  that  by  their  use  at  odd  times  during  the  day,  the  bed-rooms  may  be 
kept  tidy,  and  thus  save  some  labour  upstairs.  This  is  one  reason  why  in  most 
hotels  ample  lavatory  accommodation  is  provided  on  the  ground  floor,  thus  avoiding 

the  necessity  for  visitors  resorting  to  their  bed-rooms  as  often  as  they  would 
otherwise  have  to  do. 

Lavatory  basins,  like  baths,  are  made  of  various  materials — iron,  tiu,  earthen- 

ware, &c — ^but  the  best  are  of  stoneware.  They  are  sometimes  made  in  one  piece, 
combining  the  basin,  the  lavatory  top  with  its  soap  and  brush  trays,  &c,  or  they 

are  fixed  in  a  slab  of  marble  or  slate  with  ordinary  supply  taps  and  waste-pipes. 
^iany  improved  lavatory  basins  and  fittings  have  in  recent  years  been  introduced, 

among  others  the  "  tip-up "  bfisin,  in  which  the  basin  is  hung  on  pivots  at  the 
sides  over  a  funnel-shaped  receptacle  which  receives  the  waste  water  when  the 
basin  is  emptied  by  tipping  it  up,  and  carries  it  away  to  the  proper  outlet  The 
way  in  which  the  details  of  this  apparatus  are  contrived  is  most  ingenious,  but 
the  apparatus  has  the  disadvantage  of  presenting  a  large  surface  beneath  the 
basin  whidi  is  apt  to  become  foul  and  offensive  if  not  frequently  cleansed. 

Various  contrivances  have  been  devised  in  order  to  obviate  the  objection  that 

arises  from  the  deposit  of  soap  and  dirt  on  the  sides  of  a  wash-hand  basin  when 
^  water  is  being  discharged  from  it  after  use.  One  method  that  is  attended 

with  a  cei-tain  amount  of  success  is  to  introduce  the  clean  water  at  holes  all 
nrand  the  top,  but  perhaps  the  most  important  point  in  this  respect  is  to  secure 
rapidity  of  emptying  the  basin  by  making  the  outlet  of  ample  size.  Any  plan 
by  which  the  basin  is  charged  and  emptied  through  the  same  orifice  is  more  or 
less  unsatisfactoxy.  A  plan  is  adopted  in  some  schools  by  which  each  child  washes 
at  a  small  jet  of  running  water  which  issues  from  a  nozzle  in  a  continuous  pipe, 
and  fiiUs  into  a  trough  or  channel  on  the  floor,  in  order  to  preclude  the 
possibility  of  any  child  using  water  that  may  be  at  all  contaminated,  either  by 

previous  use  or  by  contact  with  an  imperfectly-rinsed  basin,  thereby  affording  the 
means  of  communicating  certain  diseases.     In  this  way  the  head  and  the  upper 
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part  ot  the  body  of  every  child  is  effectually  washed.  The  ̂ atem  bu  been  in 

use  for  mauy  years  at  the  Royal  Military  Aayluin  at  Chelsea,  and  likewise  at 
many  of  the  Poor  Law  Schools. 

The  question  of  the  kind  of  water-closet  apparatus  that  should  be  adopted 
is  one  that  ejcercisea  the  mind  of  most  persons  concerned  in  the  fitting  up  of  a 

house.  Indeed,  it  is  a  question  that  calb  for  most  careful  consideration  by 

every  householder  and  person  intending  to  take  a  house;  for  even  if  the  dmins 

»re  perfect,  the  soil-pipe  eflfectually  ventilated,  and  Ibe  closet  itself  well  arranged, 

ng.  71.— Fmn  GloHt. .— Sootion  ot  Fan  Cloagt. 

it  is  possible  to  have  a  water-closet  apparatus  that  will  itself  comprise  all  that  is 
necessary  to  produce  the  most  offensive  smells  and  the  most  unwholesome  idr. 

The  kind  of  closet  for  indoor  use  that  is  most  open  to  objection  is  one  that  is 
at  present  more  commonly  met  with  than  any  other.  But  it  is  to  be  hoped  that 
before  long  the  public  wUl  leam  to  insist  upon  some  other  and  better  kind  of 

apparatus  being  substituted  f'*r  i'.  The  apparatus  referred  to  may  be  seen 
illustrated  in  the  advertisemen:i>  ot  many  newspapers  rannected  with  building ; 
it  is  frequently  exhibited  in  tho  shop  window  of  the  ordinaty  "plumber,  painter, 
and  glasder ; "  and  it  is  introduced  by  the  ordinary  builder  in  the  water-closet  of 
almost  every  new  house.  This  apparatus,  which  is  indicated  in  the  annexed 

diagram  (Fig.  71),  comprises  in  its  complete  form  three  important  parts— namely, 

tho  earthenware  basin,  the  iron  "  container,"  and  the  lead  D  trap  (Fig.  72).  The 
"container"  is  the  iron  box  in  the  top  of  which  the  basin  itself  is  fixed,  and  h<dds 
the  metal  pan  which  forms  the  trap  immediately  at  the  bottom  of  the  basin.  This 

closet  derives  its  name  of  "pan  closet"  from  tills  metal  pan,  which  receives  the 
discharge  from  tho  basin,  and  passes  it  on  to  what  is  known  as  the  I>  trap.  Tikis 

trap,  as  its  name  implies,  is  somewhat  in  the  form  of  the  letter  I>.     It  is  placed 
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with  tJie  Etraight  side  uppermoat,  and  receives  a  pipe  therein  from  the  container, 

which  pipe  descends  to  near  the  bottom  of  the  trap,  so  as  to  discharge  below  the 

level  of  the  wat«r  in  the  trap.  The  outlet  from  the  D  trap  is  by  a  pipe  passing 

wit  near  the  top,  and  is  connected  directly  with  the  soil-pipe. 

This  kind  of  apparatus  possesses  the  cardinal  objection  that  it  comprises  two 

conaecutiTe  traps,  ordinarily  without  any  intermediate  ventilator,  and  thus  the  lower 

one,  or  D  trap,  acts  upon  the  upper  one  (the  pan)  each  time  the  closet  is  used, 

utd  this  accounts  for  the  regurgitating 

noise  BO  often  heard  immediately  after 

the  basin  in  the  closet  is  emptied.  It 

is,  howerer,  the  container  and  D  trap 

themselves  which  make  this  particular 

ftpparatos  chiefly  objectionable.  The 

interior  of  these  apfiliances  becomes 

coated  with  a  most  filthy  slime — the 

DitiuBl  deposit  of  the  matters  that  are 

passed  through  them  and  that  are  often 
retained  for  hours  in  them — and  it  is 

this  deposit  which  emits  the  oSensive 

■nd  imwholesome  smell  so  frequently 

met  with  when  the  handle  is  pulled  up 

for  the  basin  to  be  emptied  after  use.  Fif.73.-s«tionatuoUDbv 

The  annexed  illustration  (Fig.  73)  will 

Rfford  some  idea  of  the  condition  of  the  interior  of  an  ordinary  D  trap  after  it 

has  been  in  use  some  months.  This  arises  from  the  amount  of  surface  upon  which 

deposits  can  take  place,  and  which,  not  being  exposed  to  the  full  force  of  the 

flush,  rapidly  accumulate  and  putrefy.  Sucb  deposits  moreover,  are  encouraged 

by  the  use  of  iron,  of  which  the  container  is  almost  invariably  made. 

In  the  selection  of  a  water-closet  apparatus,  the  chief  points  to  be  looked  for 

lie— 

(1)  A  basin  of  suitable  shape  to  hold  a  sufficient  quantity  of  water,  and  of  a 

«ie  which  shall  ensure  the  perfect  and  constant  cleanliness  of  the  basin's  sides. 
(2)  The  basin  should  be  of  glazed  stoneware,  and  it  may  be  observed  that  a 

plain  white  basin  is  infinitely  better  than  one  with  a  quantity  of  printed  ornament 

or  advertdsements  upon  it,  which  prevent  any  dirt  on  its  inner  surface  from  being 

r«adily  detected.  Such  a  basin,  too,  will  also  readily  permit  the  contunts  to  be  seen 

after  use — a  matter  of  no  little  importance  where  the  state  of  the  health  is 

careAilly  observed. 

(3)  The  trap  beneath  the  basin  should  be  of  the  simplest  form,  without  anglea 

of  any  kind,  and  so  arranged  as  to  preserve  continuity  of  circular  section.  This  is 

best  lapplied  in  the  ordinary  so-called  "  syphon  "  trap,  or  S  trap,  formed  of  gla/ed 
sttmeware,  and  which,  in  the  best  closets,  is  in  one  and  the  same  piece  as  the 
ban  itsell 

(4)  Tberv  should  be  as  much  absence  of  metal-work  about  the  apparatus  as 

poBGible.  All  metal-work  involves  joints,  and  joints  are  liable  to  leak.  Metal- 

work,  moreover,  easily  corrodes,  and  encourages  the  deposit  of  offensive  matter. 

lie  careful  obmrranoe  of  theae  principles  will  result  in  the  rejection  of  any 
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doeet  apparatiu  which  compriseB  a  "  container  "  and  D  tnp ;  also  aay  apparatus  w 

basin  of  a  "  hopper  '  or  funnel  shape,  in  which  the  foul  matter  does  not  &U  directly 
into  the  water,  but  is  liable  to  slide  down  and  foul  the  sidea  of  the  basin. 

In  schools  and  many  institutions  the  water-closets  or  latrines  are  arranged 

■o  OS  to  have  a  cast-iron  trough  tinder  a  range  of  seats.  This  is  open  to  the 

objection  above  pointed  oat  with  respect  to  all  metal-work  in  wateivcloset&  A 

fax  better  arrangement  is  to  have  the  trough  made  of  plain  white  glazed  fire-clay, 

which  does  not  so  easily  get  foul,  bnt  permits  any  dirt  on  the  inner  sorface  lo 
be  readily  detected  and  removed.  These  trough  closets,  however,  are  not  adapted 

for  use  within  inhabited  buildings,  inasmuch  ss,  owing  to  the  fact  of  th^  being 

intended  to  be  emptied  only  at  regular  intervals,  they  involve  the  retention 

therein  of  the  offensive  matter  for  a  certain,  or  rather  an  uncertain,  length  of  time, 

Fig.  74.— V»lrB  ApiiuUiii. Pig.  7S.— Dire 

and  this  is   clearly  open  to  much  objection  if  the  trough  ia   situated  indooie; 

and,  moreover,  unless  it  has  systematic  attention,  it  is  liable  to  get  reiy  offensive. 

The  trap  beneath  the  basin  of  an  ordinary  water-closet  apparatus,  besidea 

preventing  a  back  flow  of  air,  is  necessary  for  maintaining  permanently  a  certain 

quantity  of  water  for  the  reception  of  solid  matter.  If  the  soil-pipe  and  the  house 
drains  are  properly  arranged  and  always  in  the  condition  in  which  they  ought  to 

be,  the  trap  would  not  really  be  an  essential  were  on  ordinary  valve,  closing  the 

outlet  at  the  bottom  of  the  basin,  as  in  Fig.  74,  provided,  so  as  to  keep  the 

requifflte  quantity  of  water  therein,  and  prevent  tlie  bock  flow  o{  air.  When  the 

valve  is  opened  the  contents  of  the  basin  pass  at  once  into  the  soil-pipe.  In 
some  respects  a  valve  apparatus  is  preferable  to  many  others,  because  it  is  less 

complicated.  A  trap,  even  in  the  simplest  form,  cannot  fail  to  be  an  impediment 

to  the  flushing  power  and  free  flow  of  the  contents  of  ̂ e  basin  when  discharged. 

Hence  there  is  advantsge  if  it  can  be  dispensed  with,  and  where  the  drains  and 

soil-pipe  efficiently  answer  their  purpose  an  apparatus  with  merely  a  valve  or 
other  method  of  retaining  the  quantity  of  water  in  the  basin,  without  any  trap 

beneath  as  part  of  the  structure  of  the  apparatus,  would  be  ijuite  pormissible 
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(Fig.  75).  Tiiia  system  is  now  oocasionally  adopted  where  intelligence  and  good 
workmanship  are  bestowed  on  the  building ;  but  if  the  drains  are  no  better  than 
sach  as  are  usually  formed  by  the  ordinary  builder,  it  would  clearly  be  an  unsafe 
arrangement  to  adopt. 

A  valve  doset^  however,  is  not  always  free  from  objection,  inasmuch  as  the  valve 
itself^  being  chiefly  of  metal  and  difficult  of  access,  cannot  well  be  kept  clean  and 
free  from  offensive  matter.  An  effort  has  been  made  to  remedy  this  defect  by 
substituting  a  plug  for  the  metal  valve  in  certain  so-called  trapless  closets,  the 
water  heing  kept  in  the  basin  by  a  plug  edged  with  india-rubber,  and  the  quantity 
of  water  regulated  by  means  of  an  ordinary  baU-oook.     Plug  closets,  however,  with 
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or  without  a  trap,  are  not  necessarily  satisfactory,  inasmuch  as  if  a  piece  of  paper, 
a  shred  of  flajinel,  a  lucifer  match,  or  other  foreign  substance,  happen  to  be  caught 
between  the  plug  and  the  sides  of  the  outlet-pipe,  a  leakage  is  created  which  will 
waste  the  water,  and  in  the  event  of  the  water-supply  being  intermittent  may 
cause  subsequent  inconvenience  from  the  absence  of  water  in  the  service  cistern. 
In  the  same  way  a  valve  closet  is  open  to  the  objection  that  the  indiarrubber 
seating  on  the  valve  is  liable  to  let  the  water  leak  out  of  the  basin ;  and,  moreover, 
this  india-rubber,  after  a  while,  needs  renewal— not  a  very  difficult  matter  certainly, but  an  inconvenience  nevertheless. 

The  kind  of  apparatus  which,  on  the  whole,  is  most  free  from  objection  is  that  in 
which  every  part  is  formed  of  glazed  stoneware ;  no  india-rubber  or  metal-work  of 
any  kind  being  needed.  In  closets  of  this  kind  the  trap  is  a  permanent  one,  com- 

prising merely  a  bent  pipe,  somewhat  in  the  form  of  the  letter  S.  If  this  trap, 
being  a  separate  piece  of  stoneware,  is  wholly  below  the  bottom  of  the  basin,  as  in 
Fig.  76,  it  presents  the  objection  that  no  water  will  stand  in  the  basin  itself,  and 
thus  the  sides  of  the  basin  soon  get  fouled,  and  the  way  this  kind  of  basin  is  usually 



flushed,  by  a  spiral  flow  of  water,  U  very  imperfect.  These  objectiona,  however,  are 
obviated  with  tolfirable  success  by  arraaging  the  outlet  of  the  basin  in  such  a 
poaitioa  as  ordinarily  to  receive  the  deposited  matter  before  it  can  foul  the  sides,  and 
by  means  of  a  good  flush  of  wat«r  from  the  entire  rim  of  the  hasin  the  latter  is 
generally  kept  clean  and  sweet.  This  kind  of  basin  (Fig.  77)  is  commonly  known 

as  the  patent  "  rim-flushing"  basin ;  but  another  patent  basin  is  made  (Fig.  78)  in 
which  the  trap,  with  the  basin,  is  formed  of  stoneware  all  in  one  piece  (which  is  an 
advantage),  and  is  so  arranged  that,  the  basin  iteelf  forming,  as  it  were,  one  arm  of 
the  trap,  the  level  of  the  water  is  considerably  above  the  bottom  of  the  baan,  thus 
tending  to  preserve  the  cleanliness  of  the  basin,  and  to  aflbrd  ready  means  of 
aocess  to  the  trap  ;  while  by  means  of  a  vigorous  and  well-directed  flush  of  water, 
the  contents  of  the  basin  in  this  apparatus  are  always  rapidly  removed. 

Another  kind  of  basin  is  that  belonging  to  what  is  known  as  the  patent  "wash- 
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out "  closet  (Fig.  79),  in  which  the  outlet  from  the  basin  is  not  at  the  bottom  but 
from  one  side  or  at  the  back,  and  the  flush  of  water  is  from  the  rim,  but  directed 

principally  from  opposite  the  outlet,  so  .as,  by  its  force,  to  "  wash  out  "  the  basin. 
This  kind  of  basin  always  contains  a  small  quantity  of  water,  though  ordinarily  not 
as  much  as  could  be  desired,  and  if  the  flush  be  sufficient  and  properly  directs 
it  cannot  fail  to  answer  its  purpose  effectually.  This  apparatus,  like  the  one  last 
described,  has  no  metal-work  of  any  kind  about  it,  being  all  composed  of  glaeed 
stoneware,  often  all  in  one  piece,  and  is  capable  of  being  easily  kept  perfectly  clean 
and  sweet     It,  moreover,  allows  the  contents  of  the  basin  to  be  readily  inspected. 

In  the  several  closets  last  referred  to,  in  which  the  trap  is  a  permanent  one 
without  any  absolute  obstruction,  it  is  not  generally  necessary  to  provide  an 
overflow-pipe,  because  any  continuous  running  of  water  con  pass  freely  away. 
In  the  valve  closet,  however,  an  overflow-pipe  is  a  necessity ;  but  it  is  highly 
inexpedient  to  connect  it  with  the  soil-pipe  immediately  below  the  valve,  as  is 
frequently  done.  The  overflow-pipe,  acting  as  a  warning-pipe,  should  either 
discharge  in  the  open  air  outside  an  external  wall,  or  the  surplus  water  should 

be  conveyed  away  by  the  waste-pipe  from  the  safe  beneath  the  closet  apparatus. 
In  almost  all  the  best  kinds  of  water-closet  apparatus,  one  of  the  most 

important  points  to  bo  attended  to  is  its  connection  with  the  soil-pipa  If  this 
bo  neglected,  and  any  defect  is  allowed  to  exist  at  the  point  where  the  base  of  the 
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apparatas  is  attached  to  the  branch  leading  to  the  soil-pipe,  there  will  probably 
be  ̂ cape  of  drain-air  direct  into  the  house.  Hence  special  precaution  ought 
to  be  taken  to  make  this  junction  perfectly  air-tight.  The  plan  most  commonly 
adopted  is  to  turn  the  lead  of  the  branch-pipe  over  on  to  the  floor,  or  lead 
safe,  already  described,  and  to  bed  the  outlet  of  the  water-closet  apparatus 
thereon  in  red-lead  putty.  But  inasmuch  as  the  apparatus  is  usually  rather 
heavy,  and  the  space  in  which  it  is  fixed  generally  very  contracted,  it  frequently 
happens  that  in  placing  it  over  the  mouth  of  the  branch-pipe  the  putty  gets 
displaced,  and  a  faulty  joint  is  the  result  Two  or  three  contrivances  have  been 
devised  to  obviate  the  possibDity  of  defect  at  this  point ;  but  one  of  the  best  and 

simplest  is  to  spread  out  the  mouth  of  the  branch-pipe  to 
receive  the  base  of  the  apparatus,  and  then  fill  in  with  red- 
lead  putty,  and  dress  the  lead  well  over  the  flange  near  the 
base  (Fig.  80).  Another  method  is  to  bed  the  flange  on  a 

ring  of  india-rubber  (Fig.  81) ;  but,  inasmuch  as  this  material, 
though  excellently  adapted  for  the  purpose  when  new,  under- 

goes certain  changes  in  its  condition  in  the  course  of  a  few 

years,  and  especially  if  subjected  to  continued  low  tempera- 
ture, when  it  becomes  hard  and  brittle,  it  is  doubtful 

whether  it  can  be  relied  on  for  a  permanently  safe  joint 
Another  point  deserving  of  consideration  by  every  one 

about  to  fix  a  new  water-closet  apparatus  is  the  arrangement 
of  the  seat  and   the  enclosure    of    the    apparatus.      The 
apparatus  is  usually  fixed  and  enclosed  so  that  in  course  of 
time  a  vast  amount  of  dust  and  dirt  accumulates  beneath 

the  seat,  or,  indeed,  may  have  been  left  there  by  the  work- 
men when  the  closet  was  built ;  and  where  the  closet  is  used 

for  emptying  slops  of  any  kind,  it  commonly  happens  that 
small  qiuuitities  of  liquid  are  allowed  to  splash  over  the  top 

of  the  basin — ^not  sufficient,  perhaps,  to  run  away,  but  to  keep  a  certain  amount  of 
permanent  dampness  on  the  floor  of  the  space  beneath  the  seat,  and  to  give  to  the 

entire  closet  a  constant  smell.     It  would  go  far  to  promote  cleanliness  and  prevent 

this  smell  if  the  seat  enclosure  were  wholly  dispensed  with,  and  the  floor,  with 

its  carpet  or  oil-cloth,  were  continued  entirely  under  the  seat     In  the  case  of  all 
the  best  kinds  of  closet  apparatus,  comprising  merely  a  basin  with  syphon  trap 

beneath — all  in  one  piece  of  glazed  stoneware — there  would  be  no  eyesore  in  such 
an  arrangement,  while  every  nook  and  comer  would  be  visible  and  subject  to  the 

frequent  application  of  the  broom  and   duster  (Fig.  82).      Of  course,  a  narrow 
▼ooden  bolder  could  be  formed  on  the  upper  edge  of  the  basin,  to  serve  as  a  seat, 

and  also  a  lid,  and  some  modification  of  the  ordinary  pull-up  handle  would  be 

necessary  to  bring  the  flushing  apparatus  into  action;  but  this  could  easily  be 

effected  by  arranging  the  requisite  wire  connections  somewhat  in  the  fashion  of  an 

ordinary  beU-pulL     This,  moreover,  would  have  the  advantage  that  there  would  l>e 

no  souk  dish  in  the  seat  for  the  pull-up  handle,  which  always  allows  dust  and  dirt  to 
accumulate  and  is  difficult  to  clean. 

In  determining  the  position  for  fixing  the  apparatus  in  a  water-closet,  it  is 

obviwialy  desirable  to  place  it  so  that  ample  light  from  the  window  in  the 

Fig.  81. 
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day-time,  and  from  tlio  gas-brackot  at  nigUt,  shall  fall  opon  the  seat  and  into  tbs 
baein. 

Much  has  been  eaid  in  the  preceding  few  pages  about  the  sreetnesa  of  Uie  water 
doaet;  and  although  the  kind  of  apparatus  that  ma;  be  adopted  will  have  an  important 
bearing  on  the  condition  and  wholesomenees  of  the  air  in  the  closet,  it  will  readil; 
be  perceived  that,  even  with  the  best  kind  of  apparatus,  constant  personal  attention 
is  necessary  in  order  to  secure  perfect  cleanlicesa  and  sweetness.  If,  aa  frequently 
occurs,  the  precaution  of  effectually  flushing  out  the  basin  immediately  atber  the  closet 
haa  been  used  be  neglected,  a  ver;  few  days  will  suffice  to  make  the  basin  so  foul  as 
to  emit  an  unwholesome  and  offensve  smelL  Kven  if  the  cloeet  be  properly  used,  the 
baain  will  still  need  cleansing  beyond  what  it  leoeives  from  the  rt^ular  flush  <^ 
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water.  In  fact,  wherever  there  is  a  water-closet  it  should,  be  somebody's  spe<»al 
duty  to  periodically  rinse  out  the  basin  thoroughly  with  a  brush  kept  for  the 
purpose.  The  bruah  should  be  worked  into  the  trap  as  far  as  possible,  and  likewise 
all  round  the  upper  part  of  the  basin,  the  water  being  allowed  to  run  through  the 
basin  while  the  brush  is  being  used.  This  process,  which  is  scarcely  less  essential 

than  the  daily  rinsing  of  bed-room  crockery,  should  ordinarily  be  done  at  least  two 
or  three  times  a  week  ;  and  the  brush  may  either  be  hung  up  just  outside  the  water- 
closet  window,  or,  if  that  be  too  exposed  a  position  for  it,  a  special  can  should  be 

kept  for  it  in  the  housemaids'  closet,  and  in  which  it  may  be  carried  from  one  closet 
to  another. 

For  more  effectually  securing  the  sweetness  of  water- closets,  an  ingenious  con- 
trivance is  sometimes  adopted  for  mixing  a  small  quantity  of  some  disinfectiug  fluid 

with  the  water  in  the  basin  every  time  the  closet  is  used.  Although  this  little  con- 
trivance is  not  without  its  advantages,  inasmuch  as  it  may  tend  to  remove  the  smdl 

which  necessarily  exista  immediately  after  the  closet  has  been  used,  it  is  nevertheleai 
doubtful  whether  it  can  be  regarded  as  in  every  way  a  desirable  appendage  to  a 
flosei.     It  is  obviously  an  additional  complication  to  the  apparatus  aqd  in  tJtis 
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particular  is  clearly  undesirable.  Then  it  needs  periodical  replenishment  with  dis- 
infecting fluid,  and  this  again  is  a  difficulty ;  and,  thirdly,  the  employment  of  such  a 

contrivanoe  recognises  an  improper  condition  of  apparatus  without  effecting  a  remedy, 
but  merely  acting  as  a  palliativa  The  more  satisfactory  way  of  preventing  the 
atmosphere  of  a  water-closet  from  permanently  becoming  offensive  is  to  adopt  a  good 
and  simple  apparatus,  and  take  care  that  it  is  kept  perfectly  clean,  not  only  in  the 
basin  and  trap,  but  outside  and  beneath  the  basin,  and  on  the  seat 

Yaiious  contrivances  have  been  invented  for  regulating  the  quantity  of  water  used 
in  flashing  water-closets  in  order  to  prevent  waste.  This  is  a  rather  important  point 
wherever  water  is  at  all  scarce,  or  where  it  is  laid  on  intermittently  to  the  cisterns 
of  a  house.  Some  of  these  contrivances  take  the  form  of  an  intermediate  or  flushing 
cistern,  holding  the  requisite  quantity  (usually  about  two  gallons)  of  water  for  each 
flnsh,  which  thus  serves  the  double  purpose  of  supplying  a  given  quantity  of  water 
and  of  separating  the  closet  apparatus  from  direct  connection  with  the  general  service 

cistern.  Other  kinds  of  regulators  or  water-waste  preventers  consist  of  valves 
yariously  arranged,  which,  with  easy  adjustment,  allow  only  a  given  quantity  of 
water  to  pass  through  them  each  time  the  closet  apparatus  is  emptied.  The  inter- 

mediate or  service-cistern  is  the  most  common  form  of  waste-preventer,  and  consists 
of  a  cistern,  or  box,  holding  only  the  requisite  quantity  of  water  for  one  flush,  and 
supplied  by  means  of  a  small  pipe  from  the  main  cistern  with  an  ordinary  ball-cock, 
80  that  each  time  the  water-closet  basin  is  emptied  the  entire  contents  of  this  cistern 
or  box  are  discharged  by  a  syphon-pipe,  or  otherwise,  and  the  ball-cock  is  immedi- 

ately set  in  action  to  refill  the  cistern. 
The  quantity  of  water  allowed  by  the  regulations  of  the  London  water  com- 

ponies  for  one  flush  is  limited  to  two  gallons.  This  quantity,  even  under  the  most 
favourable  circumstances,  is  small  enough,  and,  in  fact,  mrely  suflices  for  the 
effectual  removal  of  the  whole  of  the  contents  of  the  basin  beyond  the  trap  immedi- 

ately beneath  it^  for  which  it  is  necessary  to  flush  the  basin  a  second  time.  In  the 

case,  however,  of  a  closet  in  an  upper  storey,  with  a  considerable  length  of  soil-pipe 
beneath,  it  is  wholly  inadequate  for  flushing  both  the  basin  and  the  soil-pipe.  A 
second  charge  of  the  flushing  cistern  ought  always  to  be  used,  in  order  to  flush  the 

soil-pipe;  but  as  the  majority  of  people  are  not  in  the  habit  of  taking  this  precaution, 
it  irooM  be  of  great  advantage  were  the  ordinary  quantity  of  water  for  each  flush 
considerably  increased,  or,  at  any  rate,  made  three  instead  of  only  two  gallons. 

Of  sinks,  there  are  different  kinds  for  various  purposes.  Thus,  scullery  sinks  are 

provided  in  connection  with  the  kitchen  offices,  and  are  used  for  washing  and  preparing 
v^tables,  and  for  washing  the  utensils  used  in  cooking.  Pantry  sinks  are  usually 
arranged  for  washing  plate,  glass,  and  the  other  more  delicate  articles  used  at  meals. 

Housemaids'  sinks  are  fitted  up  for  use  in  connection  with  bed-room  and  toilet 
services ;  while  the  ordinaiy  slop-sink  is  used  for  emptying  all  kinds  of  slops. 

The  scullery  sink  is  the  most  common  sink,  inasmuch  as  it  is  necessary  in  every 
kind  of  house,  of  whatever  size.  Wherever  cooking  goes  on,  whether  there  be  a  dis- 

tinct scullery  or  not,  one  sink  at  least  has  to  be  provided.  Wherever  space  will 
permit,  a  scullery  should  contain  two  sinks — one  for  washing  the  various  plates, 
dishes,  and  other  food  utensils  in,  and  the  other  for  cleansing  vegetables  in,  prepara- 

tory to  cooking  them  and  serving  them  up.  The  sink  for  washing  the  articles  used 
\^  cooking  should  be  of  such  materials,  and  so  formed,  as  to  allow  of  its  being  readil  v 
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cleansed,  otherwise  it  is  liable,  in  careless  hands,  to  get  greasy  in  the  angles  and 
corners.  The  best  kind  of  sink  for  this  purpose  is  formed  of  glazed  stoneware,  the 
angles  and  comers  being  carefully  rounded,  so  as  to  be  easily  cleaned.  Scullery 
sinks,  however,  are  most  commonly  formed  of  fine-grained  sandstx>ne,  chiefly  from 
quarries  in  the  neighbourhood  of  Bradford,  Halifax,  and  other  parts  of  Yorkshira 
The  vegetable  sink  may  conveniently  take  more  of  the  form  of  a  trough.  It  is  usually 

deeper  than  is  requisite  for  the  washing-up  sink,  and,  though  occasionally  formed  of 
glazed  stoneware,  is  more  frequently  formed  of  slab-slate,  which  serves  the  purpose  very 
well.  Both  these  sinks  should  have  ample  waste-pipes,  with  a  sufficient  slope  towards 
the  outlet,  which  should  be  protected  by  a  fixed  grating.  If  the  grating  be  not  fixed  it 
will  continually  be  removed,  in  order  to  get  rid  of  the  waste  water  and  refuse  more 
rapidly ;  but  inasmuch  as  the  grating  is  expressly  for  preventing  a  quantity  of  solid 
matter  from  being  carried  down  the  pipe  to  the  drains,  it  ought  to  be  permanently 
fixed.  The  orifices  in  the  grating  should  be  of  an  aggregate  size  equal  at  the  least 

to  the  sectional  area  of  the  waste-pipe  itself.  This  is  an  important  point,  often  over- 
looked by  the  plumber. 

The  pantry  sink  being  intended  for  washing  more  delicate  articles  in  than 
the  scullery  sink,  is  generally  formed  of  wood  and  lined  with  lead,  the  latter 
material  being  less  liable  to  damage  glass,  china,  and  silver  than  stone  or 

earthenware.  If  the  water-tap  over  the  pantry  sink  be  furnished  with  a  piece 
of  india-rubber  tube  three  or  four  inches  long,  it  will  be  found  to  prevent  much 
chipping  and  breakage  of  glass  and  china.  All  the  sinks  above  referred  to  should 

have  straining-boards  at  the  side,  grooved  and  slightly  inclined,  so  as  to  let  the 
water  run  towards  the  sink. 

Housemaids'  sinks,  generally  fixed  on  the  upper  floors  of  houses,  being  chiefly 
used    for   emptying    and   rinsing    wash-hand    basins   and    chamber    utensils,    are 
ordinarily  formed  of  wood  and  lined  with  lead,  as  being  least  liable  to  damage 
crockery.     It  is  important  in  these  sinks  to  have   a    plentiful  supply  of  water 
immediately  over  them,  otherwise,  unless  they  have   exceptional  attention,  they 
are  apt  to  become  foul  and  offensive  with  the  constant  emptying  of  soapy  water 
and  slops.     Indeed,  these  sinks  need  frequent  periodical  cleansing,  however  perfect 

and  ample  the  supply  of  water  to  them  may  be.     In  all  lead-lined  sinks  it  is  useful 
to  insert  a  strip  of  bevelled  wood  beneatli  the  lead  along  the  angle  of  the  wooden 
sink,  in  order  to  splay  off  the  angles  and  prevent  the  accumulation  of  dirt  there. 

It  is  important,  moreover,  in  fixing  any  kind  of  fiat-bottomed  sink,  that  it  should 
have  a  good  fall  towards  the  outlet,  so  that  all  water  emptied  into  the  sink  should 

flow  at  once  to  the  outlet      Some  sinks,  used  merely  for  emptying  slop-water, 
are  made  of  enamelled  iron,  more  in  the  form  of  a  deep  basin  with  the  outlet  at 
the  bottom. 

The  outlet-pipe  from  the  above-mentioned  sinks,  which  should  discharge  visibly 
in  the  open  air,  should  bo  of  ample  size — two  inches,  if  practicable— and  the 
shorter  it  is  the  better,  as  there  are  greater  facilities  for  keeping  a  short  pipe 
clean  than  a  long  one,  and  the  inside  will  inevitably  get  coated  with  matter  which 

in  course  of  time  may  become  offensive.  Hence  the  position  for  the  sink  ̂ will 
have  to  be  determined  by  the  position  of  the  outlet  from  the  waste-pipe. 

A  trap  is  generally  necessary  in  the  waste-pipe  from  a  sink,  and,  indeed,  in 
all  waste-pipes ;  for  not  only  does  the  interior  of  such  pipes  get  foul  after  more 
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or  less  use,  but  the  gully  or  channel  outside  that  receives  the  discharge  from 

the  waste-pipe  is  also  liable  to  become  offensive  unless  it  receive  frequent  attention, 
&nd  if  there  were  no  trap  in  tiie  waste-pipe,  the  smells  from  the  interior  of  the 
pipe  or  from  the  gully  or  channel  would,  under  certain  conditions,  be  drawn 

iuto  the  building.  As  a  rule,  a  waste-pipe  should  not  only  be  as  short  as  possible, 
bat  it  should  also  be  easily  accessible  at  the  outer  end,  so  as  to  allow  of  its  being 
periodically  cleansed  by  means  of  a  brush  being  passed  into  it  The  trap  in  the 

waste-pipe  should  be  of  the  simple  S  form,  and  furnished  with  a  brass  screw-plug, 
in  order  to  afford  access  to  it  for  purposes  of  cleansing  it  and  removing  obstacles 
such  as  pieces  of  flannel,  hair,  stumps  of  lucifer  matches,  <fec,  which  frequently 
get  into  the  pipe.  The  trap  should  always  be  formed  in  the  course  of  the 
pipe  itself,  the  continuity  of  the  circular  bore  being  carefully  preserved.  Excellent 

cast  lead  pipe-traps  of  various  diameters,  with  suitable  screw  inspection-holes, 

are  manufactured  expressly  for  the  pui'poses  abovo  referred  to. 

The  *'  slop-sink  "  proper  diffei-s  from  other  kinds  of  sinks,  inasmuch  as  it  is 
intended  to  receive  solid  matter  us  well  as  liquids.  It  in  fact  resembles  in  some 

important  particidars  the  ordinary  water-closet  ap])aratus,  though  it  is  not  usually 
provided  with  any  complicated  flushing  contrivance,  and  does  not  ordinarily  hold  a 
permanent  quantity  of  water  in  the  basin.  The  chief  difference  is  that  it  is  flxed 

at  a  higher  level  than  a  water-closet  apparatus,  in  order  to  be  more  convenient 
for  emptying  vessels  into  it  It  is  furnished,  moreover,  with  a  tap  above  it  of 
sufficient  size  to  afford  a  copious  supply  of  water  for  rinsing  out  any  vessel  that 
is  held  imder  it  The  best  kinds  of  slop-sink  are  those  in  which  the  basin  or 
receptacle  is  formed  of  or  lined  with  lead,  or  of  iron  with  a  porcelain  enamelled 
Bor^ice,  the  trap  beneath  being  an  ordinary  syphon  or  S  trap  of  circular  section 

not  less  than  three  inches  diameter  (and  furnished  with  a  screw-plug  for  access 
to  it),  connected  with  an  ordinary  soil-pipe  in  the  same  way  as  a  water-closet 
apparatu&  These  sinks  are  chiefly  used  in  hospitals  and  other  public  institutions 

where  bed-pans  and  commodes  have  frequently  to  be  emptied ;  but  they  are  often 
nsefol  in  ordinary  houses,  though  until  recently  not  common. 

It  must  be  remembered  that  in  emptying  quantities  of  waste  and  slop-water 
into  a  sink  or  water-closet  basin,  it  may  be  done  so  carelessly  that  the  water 
cannot  flow  away  fast  enough,  and  the  liquid  is  liable  to  flow  over  the  sides  and 
on  to  the  floor  beneath.  In  order  to  meet  such  contingencies  and  to  prevent  the 
ceilings  and  other  parts  of  the  building  beneath  from  being  damaged  by  the  water, 

it  is  usual  in  properly-built  houses  to  form  what  is  known  as  a  **  safe  "  beneath 
every  water-closet  apparatus,  slop-sink,  &c.,  in  the  same  manner  as  beneath  the 
bath  This  consists  of  a  shallow  tray,  generally  of  lead,  with  an  outlet-pipe 
passing  through  an  external  wall,  where  it  is  either  cut  off  about  six  inches  away 
from  the  outer  face  of  the  wall,  so  as  to  serve  as  a  warning  pipe  to  show  when 
anything  is  wrong,  or  it  discharges  in  the  open  air  over  some  channel  or  gutter. 
When  a  watei>closet  basin  is  likely  to  be  used  for  emptying  slops,  it  is  useful  to 
urange  the  seat,  as  well  as  the  lid,  so  as  to  be  lifted  up  when  any  vessel  is  being 
emptied  there ;  and  if  the  seat  is  enclosed  in  the  usual  way,  the  top  of  the  basin 
may  be  dressed  over  with  lead,  arranged  so  as  to  prevent  splashing  over  on  to 
the  floor  beneath,  in  which  case  the  safe  above  described  would  not  be  so  necessary. 
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CHAPTER    XIV. 

FITTINGS. — COOKING   APPARATUS. 

Ancient  Cooking-raDge*— Arrangements  for  Boasting— The  Modem  Close  Bange— Modem  Open-Fire 
Banges— American  Stoyes— Other  Close  Bangea— Banges  for  Cooking  by  Gas. 

Of  the  many  important  fittings  of  a  house— be  it  a  palace  or  a  cottage — the 
cooking-range  or  apparatus  is  clearly  one  of  the  most  important 

The  kitchen  itself  has  from  very  early  times,  as  we  see  from  the  ruins  of  many  an 
old  priory,  always  claimed  much  attention,  and  the  appliances  for  cooking  the  food 
obviously  constitute  the  most  important  objects  in  the  kitchen. 

In  former  times  there  was  probably  little  difficulty  in  determining  what  form  of 

cooking-apparatus  to  adopt;  but  in  the  present  day  one  is  bewildered  with 
innumerable  advertisements  and  descriptions  of  different  kinds  of  cooking  appliances, 
each  of  which  claims  to  be  at  once  the  most  efficient,  economical,  simple,  convenient, 
cleanly,  and,  in  every  way,  the  most  desirable.  Thus  any  one  nowadays  having  to 
rearrange  a  kitchen,  or  to  erect  a  new  one,  is  placed  in  a  very  difficult  and 

responsible  position,  and  this  difficulty,  moreover,  is  enhanced-  by  the  fact  that  some 
one  else  will  have  the  practical  working  of  the  apparatus,  in  whom  wiD,  very  likely, 
rest  its  success  or  otherwise. 

In  early  times  the  cooking-stove  was  most  probably  the  open  range,  formed  by 
brick  jambs  and  back,  with  horizontal  bars  built  across  the  front,  and  of  considerable 

depth  from  front  to  back,  for  the  purpose  of  burning  wood.  The  meat  to  be  roasted 
was  supported  on  horizontal  spits,  revolved  by  hand  in  front  of  the  fire.  This  form 
of  range  has  been  improved  upon  from  time  to  time,  both  in  its  construction,  and  in 

•the  method  of  revolving  the  meat.  Cast-iron  came  to  be  used  for  the  jambs,  and  coal 
being  substituted  for  wood  as  fuel,  it  became  necessary  to  make  a  considerable 
reduction  in  the  depth  from  front  to  back.  In  order  to  still  further  economise  this 
valuable  fuel,  means  of  contracting  and  expanding  the  width  of  the  fire  according  to 

the  size  of  the  joints,  or  the  number  of  viands,  capons,  &c.,  that  had  to  be  "spitted  ̂  
or  suspended  before  it,  were  introduced,  and  for  this  purpose  cast-iron  sliding  cheeks, 
with  the  requisite  winding-pinioDS,  rack-attachments,  and  winch-handles,  for  setting 
them  in  motion,  were  provided.  So  far  the  roasting  apparatus  was  now  a  complete 

macliine,  and  is  used  in  exactly  the  same  way  to-day  as  it  was  when  originally  intro- 
duced. The  arrangements  for  supporting  and  turning  the  meat,  however,  required 

improvement,  and  dogs,  springs,  the  motive-power  of  water,  [the  motive-power  of  the 
ascending  current  of  heated  air  in  the  chimney,  and  occasionally  steam,  have 
severally  been  used  to  effect  this  purpose.  With  the  exception  of  dogs,  they  all  and 
each  exist  in  the  present  day,  for  the  same  purpose,  in  numerous  modifications,  from 

the  spring  bottle-jack,  which  turns  its  modest  eight  or  ten  pounds  of  meat,  to  the 
huge  smoke  or  water-jack,  ten  or  twelve  feet  wide  and  more,  turning  regularly  its 
five  or  six  hundredweight  of  meat  at  a  time,  and  occasionally  even  more  than  that. 
Some  of  these  methods  of  turning  the  meat  necessitated  the  use  of  long  horizontal 
spits  passing  through  the  joints  to  be  roasted,  and  supported  at  each  end  upon  hooks 
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or  aims,  either  as  part  of  tlie  range  itself,  or,  in  large  establishments,  fixed  to  the 
chimnej-jambs  at  varying  heights,  thns  allowing  several  spits  to  be  in  use  at  the 
same  time.  The  motion  is  conveyed  to  the  spits  by  chains  working  from  a  wheel  on 
the  spindles  of  the  jack. 

!nie  well-known  and  useful  bottle-jack  is  generally  suspended  from  a  small 
crane  fixed  to  the  fisicia  of  the  chimney-piece,  the  meat  being  hung  vertically, 
and  this  system  has  of  late  years  called  into  requisition  additional  motions  to 

the  smoke-jack  besides  the  old  spit  motion,  thus  considerably  increasing  the 
machinery;  and  it  is  now  not  unusual  to  find  smoke-jacks  not  only  having  the 
shnple  spit  motion,  but  also  two,  three,  four,  and  even  six  dangles  or  vertical 
hanging  motions. 

Besides  the  arrangements  above  described  for  roasting,  the  ordinary  kitchen 

range  generally  had  "hobs"  at  the  sides,  on  which  saucepans  and  kettles  could 
be  placed  which  did  not  require  to  be  actually  over  the  fire,  while  revolving 

''trivets"  were  provided  for  supporting  them  over  the  fira  These  ranges,  even 
thoi]gh  the  space  behind  the  bars  was  shallow,  held  a  vast  quantity  of  coal, 
and  in  course  of  time  the  large  consumption  of  fuel  was  made  to  maintain  a 
supply  of  hot  water,  by  a  boiler  being  fixed  behind  and  at  one  side  of  the  fire. 

The  next  improvement  was  to  arrange  the  boiler  so  as  to  bo  self-feeding,  and 
thus  obviate  the  inconvenience  that  was  continually  recurring  of  the  boiler  citicking 
in  consequence  of  the  cook  omitting  to  keep  it  permanently  filled  with  water — 
an  operation  that  had  previously  to  be  done  by  hand. 

In  the  last  thirty  or  forty  years  many  improvements  in  the  details  of  con- 

struction of  cooking-ranges  have  taken  place.  The  crude  contrivances  of  the 
earher  part  of  the  present  century  are  disappearing,  and  much  skill  and  ingenuity 
Iiave  been  exercised  to  bring  into  use  what  is  now  commonly  known  as  the 

close  range,  or  "  kitchener.''  This  apparatus  may  be  briefly  described  as  comprising 
a  comparatively  smaU  fire-box,  with  an  oven  on  one  side,  a  boiler  on  the  other 
and  at  the  rear,  and  a  hot  plate  on  the  top.  By  means  of  a  set  of  thi'ee . 
clampers  in  the  chimney-flue,  the  heat  may  be  directed  either  about  the  oven 
or  about  the  boiler,  or  the  draught  may  be  directed  exclusively  through  the  fire, 
andthefiie^may  be  either  shut  up  in  front  or  open  for  roasting.  The  kitchener 
is  certunly  an  improvement  in  many  respects  upon  its  predecessors,  but,  never- 

theless, in  the  hands  of  the  modem  cook  it  is  capable  of  consuming  an  amount 
of  coal  which,  compared  with  the  size  of  the  fire-box,  is  simply  surprising. 
The  rapidity  with  which,  by  means  of  drawing  out  the  dampers  or  neglecting  to 
close  them,  it  devours  fuel  at  all  times  of  the  day,  no  matter  how  much  or 
how  little  cooking  is  going  on,  results  in  a  waste  of  coal  which,  to  the  economical 
housewife,  is  appalling ;  and  this  waste  is  often  increased  by  the  use  of  a  quick- 
homing  coal,  most  ill-adapted  for  such  a  fire.  There  is,  as  a  rule,  more  comfort, 
conveiience,  and  cleanliness  in  the  careful  use  of  a  kitchener,  or  close  range, 
for  cooking  purposes  of  moderate  requirements  than  the  old-fashioned  open  fire- 

grate, but  it  can  hardly  be  said  that  the  kitchener  is,  in  practico,  very  economical 
It  is  doubtless  true  that  it  will  bum  cinders;  but  cindei-s  are  not  so  easy  to 
obtain  as  coals,  inasmuch  as  the  latter  are  generally  near  at  hand,  while  the 
cinders  have  to  be  sifted — an  operation  that  involves  some  trouble,  and  causes 
ft  considerable  amount  of  dust  and  dirt.      On  the  other  hand,  however,  it  has 
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been  coDiputed  that  owing  to  the  use  of  open  iires  in  private  kitchens,  as  much 

as  nine-tenths  of  the  heat  produced  in  cooking  operations  is  lost,  one-tenth  onlj 
being  really  utilised  in  cooking.* 

The  two  kinds  of  ranges  above  described — namely,  the  open  one  and  the 
close  one — are  now,  with  numberless  modifications  of  detail,  the  standing  types 

of  cookiug-ranges  in  which  solid  fuel  is  used.  In  the  "open-range"  class  may 
be  included  all  those  ranges  which  have  an  open-top  fire  for  roasting,  and  an 
open  chimney,  into  which  the  smoke  ascends  direct  from  the  top  of  the  fire. 

In  the  "  close-range "  class  may  be  included  all  those  ranges  which  have  a  closed 
top,  covered  by  a  plate,  and  a  closed  chimney,  into  which  the  smoke  ascends 
by  means  of  conducting  flues,  and  is  delivered  over  the  plate  closing  in  the 
chimney  opening.  In  this  class  may  likewise  be  included  all  the  modern  American 

close  cooking-stoves,  some  of  which  are  so  small  as  apparently  to  be  mere  toys, 
but  which  for  many  purposes  are  very  useful. 

The  open-fire  ranges  may  be  divided  into  two  sorts — those  called  self-acting, 
which  are  fitted  with  flues  passing  round  the  oven  and  round  the  boiler  respectively, 

each  under  control  by  a  damper,  and  those  not  self-acting,  which  have  the  fire 
simply  placed  against  the  boiler  and  oven,  and  in  which  the  heat  is  not  controlled 
by  dampers. 

The  simpler  form  of  range  without  flues  is  usually  made  in  small  sizes,  and 

thousands  of  them  ai*e  fitted  all  over  the  country  in  the  cottages  of  the  labourer 
and  the  dwellings  of  the  artisan.  This  foiin  of  range,  however,  is  again  subdivided 
into  numerous  kinds,  difiering  from  each  other  in  many  details  of  more  or  less 
importance.  Some  have  winding  cheeks,  to  contract  and  expand  the  width 
of  the  fire;  some  have  bars  to  fiUl  down  outside  so  as  to  form  a  sort  of  table, 
and  some  have  bars  to  fall  down  both  outside  and  inside;  some  have  bars 

which,  if  they  get  broken,  involve  the  entire  renewal  of  the  range,  and  in  otbers 
the  bars  are  removable  and  easily  replaced ;  some  have  oven  doors  hung  on  the 
side,  and  in  others  the  oven  door  is  hung  at  the  bottom,  so  as  to  fall  down 
and  form  a  table ;  some  have  fire-brick  linings  to  the  fire ;  some  have  a  boiler ; 
and  there  are  some  which  always  give  satisfaction  and  others  which  are  always 

unsatisfactory ;  for  although  there  may  apparently  be  so  little  diflerence  bet^ween 
two  difierent  ranges  that  to  the  ordinary  observer  they  would  be  identical,  the 
one  would  be  a  veritable  treasure,  while  the  other  would  be  a  constant  annoyance  ; 
the  one  may  depend  very  little  on  its  settiog,  and  the  other  needs  some  particular 
attention  to  the  way  it  is  fixed  in  pasition. 

The  self-actiag  form  of  this  range  is  made  in  sizes  for  fireplaces  six  or  seven 
feet  in  width,  with  a  roasting  fire  three  feet  wide,  a  boiler  behind  that  will  serve 

hot  water  all  over  the  house,  and  a  self-acting  oven  that  is  heated  by  the  flue  passing 

round  it  and  beneath  the  '^  hob,"  which  forms  a  convenient  hot-plate.  This  range, 
if  properly  constructed  by  taking  the  flues  which  heat  the  oven,  hot-plate,  and 
boiler  from  the  lowest  comer  of  the  fire  next  the  oven,  is  a  very  economical  one, 
and  requires  a  very  moderate  quantity  of  fuel  in  order  to  keep  the  baking  and 
boiling  arrangements  in  proper  working  order.  It  has  been  largely  adopted,  in  a 

more  or  less  perfect  form,  all  over  the  country  in  the  houses  of  the  more  well-to-do, 
and  although  it  may  be  said  to  have  been,  to  a  certain  extent,  superseded  by  the 

*  Count  Romford. 
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introduction  of  ihe  dose  range,  it  wi!]  probably  still  command  favour  with  largo 
numbers,  who,  whether  from  prejudice  or  otherwise,  like  their  roasts  roasted  and 

their  baked  meat  baked.  This  range  is  usually  associated  with  a  smoke-jack,  and 
thus  forms  a  very  complete  apparatus  for  cooking  for  a  considerable  household,  pos- 

sessing, as  it  does,  a  roasting-fire  that  may  be  reduced  in  size  at  pleasure  by  the 
winding  cheek,  a  perfect  baking-oven,  a  hot-plate  hob  over  the  oven,  hot  water  for 
all  purposes,  and  a  cheerful  appearance  with  ease  of  management. 

The  dose-iire  ranges  do  not  divide  themselves  into  distinct  divisions  like  the 
open  ranges.  They  are  each  and  aU  in  their  structure  stoves,  having  flues  through 

which  the  flames  are  made  to  pass  in  order  to  heat  the  hot-plate,  oven,  or  boiler, 
as  the  case  may  be,  and  each  separate  flue  is  furnished  with  a  damper.  The  simple 
fonn  suitable  for  the  home  of  the  agricultural  labourer  and  artisan  is  of  the 

inexpensive  American  cooking-stove  type.  Of  these,  the  varieties  are  very 
nmneroua.  They  usually  comprise  an  oven  and  hot-plate,  heated  by  the  smallest 
possible  fire,  and  with  no  means  of  roasting.  These  cooking-stoves  generally  need 
very  little  setting,  being  merely  placed  in  their  position  in  the  chimney-opening,  and 
in  this  respect  they  have  the  advantage  that  the  whole  space  about  them  can  be 
finished  with  tiles  or  otherwise,  so  as  to  prevent  the  harbouring  of  black  beetles 
and  other  vermin. 

The  laiger  and  more  complete  form  of  close  range  is  fitted  with  one  or  more 
ovens  and  a  boiler,  from  which  hot  water  can  be  supplied  for  all  purposes.  The 
fire  is  usually  situated  centrally,  and  is  of  only  sufficient  size  for  a  moderate  joint  to 

be  roasted  in  front  of  it.  From  the  fire,  flues  branch  ofi*  to  the  right  and  to  the 
left,  passing  under  the  hot-plate  top,  and  surrounding  the  ovens,  also  under  the 
boiler  and  up  the  back,  and  each  of  these  flues  is  furnished  with  a  damper.  The 
whole  of  the  chimney-opening  is  enclosed  at  the  top,  a  rack  being  fitted  beneath 
the  enclosure  for  keeping  plates  and  dishes  hot,  and  the  flues  carried  up  to  the 
chimney  above  this  enclosure.  One  or  both  of  the  ovens  is  ventilated,  and  it  is 
asserted  that  the  oven  then  becomes  a  roaster,  and  that  articles  placed  therein  are 
roasted,  and  not  baked.  It  would  be  more  correct,  however,  to  describe  them  as 
baked  in  a  ventilated  oven. 

These  close  ranges  are  sometimes  made  of  considerable  size — twelve  to  fourteen 
feet  in  length — ^by  a  repetition  of  ovens  right  and  left.  In  houses  of  moderate  size 
they  are  largely  used,  and  are  much  liked  by  cooks  because  of  their  cleanliness. 

Th^  ofier  some  advantages,  one  of  which  is  that  they  are  at  once  self-contained, 
and  will  do  a  considerable  amount  of  work  with  the  one  fire ;  but  to  do  this  they 

are  at  the  same  time  self-destructive,  and  consume  a  somewhat  large  amount  of 
fuel ;  for  the  fire,  being  closed  up,  partakes  of  the  character  of  a  furnace,  and 
becomes  so  fierce  as  not  unfrequently  to  melt  the  bottom  and  the  front  bars^  and  to 
create  danger  to  the  house  from  the  usually  insufficient  thickness  of  brickwork  and 

the  proximity  of  woodwork  about  the  lower  portion  of  the  chimney-flue.  Another 
objection  to  the  close  range  is  that  when  anything  boils  over,  or  gets  spilt  on  the 

hot-plate,  the  smell  of  burning  is  produced  more  rapidly  than  it  can  be  carried 
away,  and  speedily  pervades  the  house.  A  further  difficulty  in  connection  with  the 
ordinary  close  range  is  that  it  possesses  no  means  for  reducing  the  size  of  the  fire, 
80  that  whether  there  be  much  or  little  cooking  going  on,  to  allow  of  its  being  done 
effectually  the  fire-chamber  must  be  full,  or  the  cold  air  getting  into  the  flues  will 

14 
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CHAPTER  XV. 

GAS   AND   MISCELLANEOUS   FITTING& 

Closets  And  CupboftnU— Electric   and   Pneumatic   Bells— Telephones— Gas-meters— Gas-pipes- Gas- 
regnlatoTs. 

Closets  and  cuplxmrds,  as  fixtures  in  and  about  the  various  rooms  of  a  house, 

ought  to  be  regarded   as   fairly  good  investment  of  capital,  inasmuch  as  they 
invariably  add  to  the  attractiveness  of  a  house  by  tending  to  obviate  the  necessity 

of  acquiring  sundry  articles  of  furniture.    Recesses  in  bed-rooms  and  dressing-rooms, 
when  fitted  with  shelves,  hanging  rails,  and  drawers,  make  excellent  substitutes 
for  wardrobes.     They  have  the  advantage  that  no  space  is  left  behind  them,  as 
is  the   case   in  so-called  movable  furniture,  which  is  often  so  cumbersome  that 

it  is  never  moved  from  one  yearns  end  to  another,  and  which  consequently  allows 
an   accumulation   of   dust  and  dirt  behind  it  which   ought  not  to  be  tolerated. 

The   top    may    and    should    be    level    throughout,    and    covered    with    smootli 
boarding,  to  facilitate  the  frequent  removal  therefrom  of  all  dust.     The  panels 

of  the  doors  of  these  fixed  wardrobes  may- with  advantage  be  fitted  with  looking- 
glasses,  which  in   many  instances  would   do   duty  as   cheval  glasses.      Recesses 
may  also  occasionally  be  fitted  with  seats.     The  window  recesses  can  have  seats 
forming  boxes  for  linen,  &c.     In  fact,  no  space  ought  to  be  wasted  in  a  house, 
any  more  than  in  a  ship,  where  every  nook  and  comer  is  of  necessity  turned 
to  some  useful  purpose.     Another  kind  of  recess  may  here  be  mentioned.     In 

certain  positions  about  a  house,  wherever  there  is  a  gas-bracket,  it  is  usually 
convenient  to  provide  a  box  of  matches.     It  generally  occurs  that  the  matches 

are  struck  on  the  surface  of  the  wall  near  the  gas-bracket— unless,  indeed,   the 

patent  safety  matches  are  used,  which  ignite'  only  when  struck  on  their  box — 
and   this  produces  an  untidy  appearance,  and  should  be  avoided.      If  a  small 
recess  were  made   in  the  wall   or  partition  wherever  matches  are  likely  to  be 

required,  and  a  suitable  china  or  earthenware  match-box  were  fixed  therein,  with 
a  proper  place  in  front  for  striking  the  matches  on,  it  would  greatly  conduce 
to  tidiness,  while  tlie  extent  to  which  such  a  recess  could  be  arranged  as   an 
ornamental  feature  on  the  staircase,  landing,  or  elsewhere,  is  almost  unlimited. 
It  could  be   of  the   simplest  form,  or  it   might  be  arranged   somewhat  as   an 
adaptation  from  the  stoup  common  in  ecclesiastic  Gk)thic  architecture. 

As  regards  means  of  communication  from  one  part  of  a  house  to  another,  the 
most  common  is  the  bell  with  wire  connectiona  In  recent  years,  however,  other 
contrivances  have  been  largely  introduced,  and  are  found  to  possess  certain 
important  advantages.  Thus,  electric  and  pneumatic  bells  are  free  from  the 

inconveniences  so  conmion  with  ordinary  bells — namely,  the  stretching  of  the  'wires 
to  such  an  extent  as  to  involve  difficulty  in  moving  the  bell  sufficiently  to  make  it 
sound.  The  mechanism  of  the  electric  and  pneumatic  bell,  especially  the  former,  is 
far  more  simple  than  that  of  the  ordinary  bell,  with  its  innumerable  wires,  cranks, 
levers,  d:c.,  all  of  which  are  easily  put  out  of  order.     The  pneumatic  bell  is  perhaps 
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uiore  eatiily  put  out  of  order  than  the  electnc  bell,  on  account  of  the  risk  of  the 

tubing,  or  the  india-rubber  bag,  immediately  under  the  part  >vhicli  i-eceives  the 
pressure  from  the  finger,  being  injured  so  as  to  let  the  air  escape  in  the  wrong 
liirection,  while  the  electric  arrangement  merely  involves  the  use  of  a  galvanic 
Imttery ;  but  as  the  latter,  when  once  put  in  operation,  will  continue  to  work  for 
soveral  years,  and  as  the  former  is  extremely  simple,  either  of  these  arrangements 

is  infinitely  better  than  the  old-fashioned  wire-action  bell 
The  speaking-tube  is  another  common  mode  of  communication,  and  answers  the 

purpose  very  well  within  a  limited  distanoa  It  is,  however,  not  wholly  free  from 
objection,  inasmuch  as  it  permits  of  general  conversation  in  a  room  being  overheard 

at  the  remote  end  of  the  tube — a  circumstance  not  always  to  be  desired. 
The  telephone — ^the  most  recent  invention  that  has  been  put  to  practical  use  as 

a  means  of  communication — is  probably  at  present  only  in  its  infancy,  in  this 
countiy  at  any  rate,  compared  with  what  it  will  doubtless  be  in  the  course  of 
a  few  more  years.  It  is  already  in  use  in  Canada  and  the  United  States  to  a  much 
greater  extent  than  in  England.  Thus  Dr.  Mouat  tells  a  story  that,  when  recently 
at  Toronto,  he  received  an  invitation  to  spend  an  evening  at  the  suburban  house  of 
a  gentleman  whose  place  of  business  was  in  that  city.  He  had  no  difficulty  in 

finding  his  way  to  the  house — a  few  miles  out  of  Toronto— before  dark,  but  later  in 
the  evening  he  began  to  consider  how  he  should  find  his  way  back  to  his  hotel, 
there  being  no  available  vehicle  at  hand.  His  kind  host,  however,  soon  relieved 
liim  of  his  difficulty  by  desiring  his  daughter  to  communicate  with  the  caretaker  at 
hLs  office  in  Toronta  By  means  of  a  telephone  the  latter  was  directed  to  engage 
a  cab  at  the  stand  opposite  the  office  door,  and  direct  the  driver  to  proceed  to  fetch 
Dr.  Mouat,  which  he  did  in  the  course  of  about  half  an  hour.  In  the  same  way 

telephonic  communication  may  often  be  usefully  provided  between  a  gentleman^s 
residence  and  his  stables  or  entrance-lodge,  as  well  as  with  his  more  remote  place  of 
business.  Telephonic  commimication  is  also  provided  between  police-stations  and 
hospitals,  in  order  that,  on  the  occurrence  of  an  accident  of  any  kind  in  which 
persons  are  injured,  the  hospital  authorities  may  be  at  once  api)rised,  and  pre|)are  to 
receive  the  patients,  or  indeed  send  the  ambulance  to  fetch  thenu 

The  position  and  arrangement  of  the  gas-meter  and  gas-pipes  in  a  house,  like 
the  water-pipes,  is  a  matter  that  is  frequently  left,  in  a  great  measure,  to  the 
discretion  of  the  journeyman  gas-fitter.  The  position  of  the  gas-meter,  for  example, 
instead  of  being  where  it  can  be  constantly  under  observation,  is  generally  eitJier 
on  some  high  shelf,  or  low  down  on  the  floor,  in  some  dark  and  inaccessible  cupboard 
in  which  numerous  articles  not  in  frequent  use  are  stowed  away.  The  ordinary 
householder  usually  regards  the  gas-meter  with  a  certain  amount  of  indifference. 
He  feels  that  although  it  is  intended  to  serve  as  a  kind  of  check  against  his  being 
charged  for  move  gas  than  he  has  actually  consumed,  yet  there  is  a  degree  of 
myBteiy  about  it  that  it  would  be  useless  for  him  to  attempt  to  unravel ;  and  that 
practically  he  is  wholly  at  the  mercy  of  the  gas  company,  in  whose  interest  alone  the 
meter  will  keep  its  record.  It  is  surprising  that  so  responsible  an  instrument, 
and  one  which  is  to  be  found  in  almost  every  house  and  building,  although  in 
reality  so  simple,  should  be  so  little  popularly  understood.  How  many  persons  are 
there  among  our  circle  of  acquaintances,  for  instance,  who  are  in  the  habit  of 
periodicaDy  examining  the  index  of  their  gas-meter,  to  see  that  there  is  no  undue 
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expenditure  or  waste  of  gas,  and  that  tiiey  actuallj  are  supplied  with  the  quantity 

for  which  they  are  charged  1  These  same  people  who  neglect  to  examine  the  gas- 
meter  would,  nevertheless,  deem  it  a  matter  of  importance  to  look  into  their  weekly 
or  monthly  bill  from  the  butcher,  baker,  or  other  tradesman,  in  order  to  satisfy 
themselves  that  they  were  not  going  to  pay  for  what  had  not  been  supplied  to 
them. 

Gas-meters  are  of  two  kinds,  one  being  known  as  the  toet  meter  and  the  other 
as  the  dry  meter.  The  wet  meter  is  so  called  from  the  fact  that  it  has  to  be  partly 
fiUed  with  water,  in  order  to  control  the  admission  of  the  gas  by  means  of  a  floating 
valve,  while  the  dry  meter  is  complete  in  itself  without  the  aid  of  any  liquid.  The 
wet  meter  consists  of  a  cylindrical  case  standing  on  a  suitable  foot,  and  within  the 
case  is  a  revolving  drum  divided  into  three  or  four  compartments,  somewhat 

resembling  the  buckets  of  a  water-wheel,  into  each  of  which  the  gas  is  introduced 
one  after  the  other,  and  as  one  compartment  becomes  charged  with  gas  from  the 
main,  it  passes  on,  making  way  for  the  next,  and  delivering  its  contents  to  the 

service-pipe.  Each  compartment  is  made  of  a  known  specific  capacity,  such  as  a 
third  or  a  quarter  of  a  cubic  foot,  and  as  the  compartments  revolve,  they  record  on 

the  index-dial  by  means  of  a  system  of  cog-wheels  the  exact  amount  of  gas  that 
has  passed  through  the  meter. 

The  diy  meter,  generally  shaped  more  like  a  square  box,  is  constructed  upon 
the  same  principle  as  a  pair  of  bellows ;  and  when  they  are  expanded  a  quantity 
of  gas  enters  at  an  inlet,  while  on  their  being  compressed  the  gas  ia  expelled  at  an 
outlet  The  capacity  of  the  bellows,  or  flexible  chamber,  being  known,  the 

quantity  of  gas  passing  through  it  can  be  registered  by  a  system  of  cog-wheels,  as 
in  the  wet  meter.  In  the  diy  meter  these  bellows,  or  flexible  chambers,  are  in 
duplicate,  in  order  to  secure  r^^larity  in  the  continuity  of  supply  of  gas  to  the 

service-pipes. 
The  wet  meter  is  conmionly  preferred  before  the  dry  meter,  as  it  is  held  by 

some  to  be  more  durable  and  more  reliable  than  the  dry  meter ;  but  as  a  set-off 
against  this  alleged  advantage,  it  has  to  be  borne  in  mind  that  if  fixed  in  au 
exposed  position  the  water  in  the  meter  may  get  frozen  in  very  cold  weather,  and 
thus  stop  the  supply  of  gas,  while  if  fixed  in  a  warm  place  it  will  evaporate  and 

pass  into  the  service-pipes  in  the  form  of  a  vapour,  and  there  become  condensed 
and  interfere  with  the  free  passage  of  the  gas,  thus  producing  a  flickering  or 

jumping  flame.  The  inlet  for  the  water  will  be  found  just  below  the  index-<Uals, 
and  the  outlet  for  surplus  water  near  the  bottom  of  the  front,  each  being  stopped 

by  a  screw-plug.  It  may  be  useful  to  remember  that  a  small  quantity  of  glycerine 
mixed  with  the  water  in  the  wet  meter  in  cold  weather  will  generally  prevent  the 
water  from  freezing. 

The  index  of  the  gas-meter  is  a  simple  arrangement  of  dials  for  recording  the 
quantity  of  gas  that  has  passed  through  tlie  meter.  It  comprises  a  certain  number 
of  dials,  according  to  the  size  of  the  meter.  The  ordinary  wet  meter  for  ten  lights 

has  usually  three  dials,  one  recording  the  number  of  units  of  cubic  feet — ^that  is, 
up  to  nine ;  the  second,  the  number  of  tens  of  cubic  feet  up  to  ninety ;  and  the 
third  the  number  of  hundreds  of  cubic  feet,  up  to  one  thousand.  The  index  of  the 

wet  meter  has  the  word  "  cents"  written  upon  it  above  the  dials,  thus  indicatiog  that 
the  units  mark  ttiiUs  of  ce^Us.y  or  units  of  hnndreth,  of  cubic  feet ;  the  second  dial 
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Fig.  83.'<3hM-xii0t«r  Index. 

marks  tgna  of  eentA,  or  thousands,  of  cubic  feet;  while  the  third  dial  marks 

hundreds  of  cents,,  or  tetis  of  thousands,  of  cubic  feet.  A  small  index  is  usuallj 
proyided  for  recording  the  passage  of  small  quantities  of  gas,  in  order  to  test  the 
aocmncy  of  the  meter,  or  whether  any  leakage  of  pipes  is  taking  place  on  the 
premises.  When  the  hand 
on  the  first  dial  to  the  right 

("  units "),  having  made  one 
revolutioD,  stands  at  zero, 
the  hand  on  the  second  dial 

("tens")  will  be  found  to 
point  to  the  figure  one,  signi- 

fying that  one  ten  oentsL^  or 
himdreds,  of  feet  have  passed 
throng  the  meter.  In  the 
same  way,  when  the  hand  on 
the  first  dial  has  made  ten 
revolutions  the  hand  on  the 
second  dial  will  be  found  to 

stand  at  zero,  and  the  hand 

on  the  third  dial  ("  hundreds  ")  will  stand  at  one,  signifying  that  one  hundred 
cents.,  or  t^i  thousand  feet^  have  been  consumed.  When  the  hand  on  the 
third  dial  has  made  ten  revolutions,  it  indicates  that  ten  hundred  cents.,  or  one 
hondred  thooaand,  cubic  feet  have  passed  through  the  meter,  and  the  system 
of  record  then  automatically  begins  again.  This  sometimes  may  puzzle  the  amateur 
observer  of  a  meter,  but  it  is  easily  explained.  If  at  a  certain  quarter-day  the 
index,  on  being  examined,  shows  that  98,500  cubic  feet  of  gas  has  been  consumed, 

and  at  the  next  quarter-day  it  shows  only  1,700  cubic  feet,  the  actual  quantity  that 
would  have  been  consumed  in  the  interval  between  the  examinations  of  the  index 

woald  be  1,500  4. 1,700  =  3,200  cubic  feet;  in  fact,  had  the  index  possessed  a  fourth 
dial,  as  found  in  large  meters,  it  would  have  shown  101,700  cubic  feet. 

The  piping  usually  adopted  for  laying  on  gas  is  of  wrought-iron  for  sizes  of 
half  an  inch  in  the  bore  and  upwards,  while  for  smaller  pipes  a  composition  of  lead, 
tin,  and  antimony  is  used  These  pipes  should  always  be  fixed  in  such  a  position 
that  any  escape  of  gas  can  easily  be  detected.  If  let  into  the  wall,  they  are  liable 
to  he  affected  by  various  conditions,  such  as  settlements,  damp,  chemical  action,  iui. , 
vhidi  may  produce  leakage.  If  inserted  in  hollow  partitions,  a  leakage  of  gas 
mig^t  be  exceedingly  dangerous.  Where  they  have  to  simply  traverse  a  hollow 
partition,  it  is  a  good  plan  to  insert  a  larger  pipe  through  the  partition,  and  to  lay 

the  gas-pipe  therein.  It  is  difficult  to  avoid  placing  gas-pipes  beneath  floor- 
hoarding  but  when  this  is  done,  the  boarding  over  the  pipe  should  be  screwed  down 
in  prefoenoe  to  being  nailed,  in  order  that  the  boards  may  more  readily  be  removed 

f(»'  access  to  the  pipe.  A  hole  here  and  there  about  an  inch  diameter  is  very  useful 
in  the  floor-boards  over  the  pipe,  in  order  to  detect  any  escape  of  gas.  They  can 
be  stopped  with  oorka  Of  course,  any  examination  of  these  holes  must  not  be 
made  with  a  light  of  any  kind. 

Too  much  care  cannot  be  given  to  the  fixing  of  gas-pipes  and  fittings.  Tlie 
jomts  must  be  perfectly  soimd,  and  made  so  as  to  remain  permanently  sound.     The 
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screwed  joints  in  iron  pipes  should  have  thinned  white  lead  rubbed  well  into  the 
thread  of  the  screw  before  being  brought  together. 

With  regard  to  the  burners  best  adapted  for  gas-lighting,  it  may  be  premised 
that  the  quantity  of  light  to  be  obtained  from  gas  is  dependent  on  various  circum- 

stances, such  as  the  pressure  of  the  gas  at  the  point  of  issue,  the  size  of  the  orifices  of 
the  burners,  the  temperature  of  the  surrounding  atmosphere,  the  quantity  of  air 
combining  with  the  gas,  the  quantity  of  gas  consumed,  the  form,  dimensions,  and 

materials  of  the  glasses  enclosing  the  flame,*  &c.  It  would  be  out  of  place  here  to 
go  minutely  into  all  these  several  points  of  detail,  but  it  will  be  useful  to  state 
that  when  gas  is  burned  under  excessive  pressure,  or  witii  the  orifices  of  tlie  burner 
of  restricted  dimensions,  it  gives  little  or  no  light ;  and  in  proportion  as  the 
pressure  is  diminished  so  is  the  iUuminating  power  of  the  gas  increased,  untU 
arriving  at  the  point  where  it  is  consumed  to  the  greatest  advantage. 

In  order  to  control  the  pressure,  and  thereby  obtain  the  utmost  advantage  from 

the  gas,  various  kinds  of  "  regulators  "  have  been  invented.  These  r^^lators  may  1)e 
applied  either  to  control  all  tlie  burners  on  the  premises,  or  only  a  portion  of  them, 
or  separately  to  each  burner.  Tlie  regulator  applied  to  each  burner  ia  held  to  be  tlie 
most  advantageous.t 

Gas-regulators,  like  meters,  are  of  two  kinds — "  wet "  and  "  dry  " — the  simplest 
being  the  diy  regulator.  They  are  of  considerable  importance  to  the  consumer,  as  it 
is  said  to  be  by  no  means  an  uncommon  circumstance  for  a  saving  of  from  thirty  to 
forty  per  cent  to  be  effected  by  means  of  the  regulator,  without  reducing,  but  rather 
increasing,  the  amount  of  light ;  while  infinitely  greater  purity  is  obtained  in  the 
atmosphere,  owing  to  the  completeness  of  combustion  that  takes  place.  R^ulators, 

however,  are  not  generally  recommended  by  gas-fitters,  there  being  little  profit 
attached  to  them,  and  they  tend  to  indicate  any  defect  that  may  exist  in  the  fittings. 

Gas-fitters  have  been  known  even  to  remove  them,  on  the  plea  of  their  being  unneces- 
sary, or  an  impediment,  but  this  should  never  be  pennitted  witliout  careful  examina- 

tion.     Some  so-called  regulators  ai'e  merely  small  vessels  filled  with  tow,  cotton, 
shot,  or  other  similar  mateiial,  which  only 

obsti-ucts  the  passage  of  the  gas  when  the 
pressure  is  great,  while  it  prevents  a  proper 
and  sufficient  supply  when  the  pressure  is 

weak.  Such  "  regulatora  "  utterly  fail  to  fulfil 
the  desired  object,  and  are  neither  economical 
nor  advantageous. 

The  "  wet "  regulator  (Fig.  84)  comprises  a 
sort  of  lightly-constructed  bell,  arranged  in  a 
metal  case  partly  filled  with  water,  to  rise  and 

fall  accoi-ding  to  the  pressure  of  gas  beneath  it. 
Under  the  bell,  and  rising  above  the  level  of 

the  water,  are  the  inlet-pipe  and  the  outlet-pipe 
for  the  gas.  Into  the  mouth  of  the  inlet-pipe  is  suspended  from  the  top  of  the  bell 
a  conical  plug,  and  as  the  bell  rises  with  increase  of  pressure  of  gas  the  conical  plug 
obstructs  the  entry  of  the  gas.  The  lid  of  the  case  is  made  to  open,  in  order  to 
allow  the  bell  to  be  weighted  according  to  the  required  pressure. 

•  **  The  Manufacturo  and  Distribution  of  Coal-gas/'  by  W,  Biohards,  C.B.  f  Ibid, 

Pig.  84.  -Patent  Wet  Gas-xegalator. 

i 
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The  "  dry  "  regulator  (Fig.  85)  acts  in  a  somewhat  similar  maimer  to  the  wet 
regulator.  It  comprises  a  chamber  containing  a  lightly-made  diaphragm  son^ething 
like  an  umbrella  formed  of  fine  leather  coated  with  some  protective  material,  and 
having  a  short  stick  with  a  conical  plug  at  the  bottom.  As  the  gas  rises  under 
this  diaphragm,  the  latter  ascends,  and  draws  up  with  it  the  conical  plug,  thus 

tig,  85.— Patent  Dry  GM-regnlAtor. 

redacing  the  size  of  the  inlet  orifice.  An  arrangement  is  made  at  the  top  by 
which  the  shafc  to  which  the  diaphragm  and  conical  plug  are  attached  can  be 
weighted  according  to  the  desired  pressure. 

Another  and  convenient  patent  method  of  regulating  the  supply  of  gas  to  a 

house  is  by  inserting  into  the  pipe,  immediately  before  it  enters  the  meter,  a  stop- 
cock with  a  lever  attached.  The  ends  of  this  lever  are  in  communication  with  a 

handy  resembling  the  hand  of  a  clock,  fixed  on  a  dial.  The  hand  is  made  to  move 

by  a  key,  and  as  it  moves  the  stop-cock  of  the  gas-pipe  is  turned  so  as  to  increase 
or  diminish  the  amount  of  gas  passing  through  the  latter.  The  hand  on  the  dial 
and  the  lever  are  so  adjusted  that  as  the  former  is  turned  so  as  to  point  to  figure* 
on  the  dial,  these  figures  represent  the  number  of  burners  which  can  be  supplied 

with  the  apparatus  in  that  position.  Thius,  if  but  two  burners  are  i*cquired  at 
night  the  hand  is  pointed  to  II.,  and  no  excess  of  pressure  is  ix)ssibla  This  is  %^ 
very  great  advantage,  not  only  in  preventing  the  waste  of  gas,  but  in  diminishing 

the  probability  of  any  escape  through  any  weak  point  in  the  gas-pipes,  which  do  not» 
under  these  circumstances,  become  exposed  to  pressure,  and  it  has  therefore  i^ 
bearing  upon  health  which  is  sufficiently  obvious. 

This  regulator  can  be  placed  in  any  part  of  the  house,  and  the  entrance-hall  13 
usually  found  a  convenient  position  for  it  to  be  stfttioned, 

16 
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CHAPTER  XVT. 

DWELLINGS   FOR  THS  POOR  AND   ARTISAN  CLASSES. 

Over-crowding— Effects  upon  Health  and  Morality— Nocenitief  of  a  Worknuin*i  Honae — ^Back-io-6adc 
Houset  —  Plani  for  Labourers*  Cottages  — Public  Lodging-houses  —  Small  Blocks  of  Artisans' 
Residenoes— Laiger  Blocks  and  Peabod j  Buildings— Oottage-bnOding.  * 

The  arrangement  of  a  comfortable  and  wholesome  house  for  the  poorer  chisses  of  the 

wage-earning  community,  both  in  town  and  country,  is  a  matter  of  national  impoi-t- 
ance.  If  a  separate  house  cannot  be  provided  for  a  family,  the  head  of  which  eaniK 
no  more  than  sixteen  to  twenty  shillings  a  week,  that  famOy  must  necessarily  share 

a  house  with  another  family ;  and  this  leads  to  the  system  of  lodging-houses,  in 
which  it  is  not  by  any  means  an  uncommon  occurrence  for  each  room  to  be  occupied 
by  a  different  family,  with  the  result  of  overcrowding  and  consequent  offences 
against  health  and  morality. 

The  rapid  growth  of  large  towns  has,  in  many  instances,  undoubtedly  had  a  most 

prejijdicial  effect  upon  the  dwellings  of  the  poorer  inhabitants.  It  has  often  hap- 
pened in  towns  where,  owing  to  the  development  of  some  special  industry,  the 

population  has  increased  with  unusual  rapidity,  that  the  necessity  for  additional 
houses  has  arisen,  and,  to  a  great  extent^  been  met,  before  the  ruling  authority  of  tho 

locality  was  prepared  with  efficient  means  of  regulating  the  -arrangement  of  the  new 
streets  and  the  construction  of  the  new  housea  Under  such  circumstances  it  is  not 

surprising,  when  the  demand  for  building-land  has  considerably  enhanced  its  value, 
to  find  that  new  houses  are  packed  together  as  closely  as  possible,  wherever  s]>aee, 
however  small,  can  by  any  ingenuity  be  found  The  result  of  this  is  to  be  seen  in 

the  narrow  streets  and  dark  ill-ventilated  passages  and  courts,  too  frequently  found 
in  numerous  large  towns. 

In  the  district  of  St  Giles-in-the-Fields,  Dr.  Buchanan,  when  Medical  Officer  of 
Health,  computed  that  there  were  upwards  of  seventy  courts  and  alleys  that  had 
either  no  thoroughfare  at  all  or  were  approached  merely  by  covered  entrances. 
Proper  ventilation  under  circumstances  such  as  these  is  not  possible.  Happily  Home 
of  the  worst  parts  of  this  particular  district  have  recently,  under  the  provisions  of 

the  Artisans'  Dwellings  Act,  been  entirely  cleared,  and  dwellings  of  an  improved 
character  are  in  course  of  erection.  Similar  improvements,  involving  enormous  cost, 

are  in  progress  in  other  parts  of  the  metropdis,  and  likewise  in  some  of  our  large 
provincial  towns ;  and  it  is  to  be  hoped  that  the  lesson  taught  by  these  expensive 
examples  will  not  be  lost  sight  of  in  the  future  by  those  who  have  yet  the  oppor* 
tunity  of  regulating  the  arrangement  of  the  new  parts  of  large  and  increasing  towns 
and  urbfui  districts  generally. 

Another  result  of  the  rapid  growth  of  towns  is  the  corresponding  rise  in  value 
of  house  property,  the  immediate  effect  of  which,  on  the  labouring  population,  is 
that  it  promotes  overcrowding,  with  its  attendant  evils.  Where  house-rent  is 
heavy,  the  amount  of  accommodation  available  for  each  family  will  be  propor> 
tionately  small ;  hence  it  is  a  frequent  occurrence  for  a  house  originally  intended  for 

but  one  family,  though  in  point  of  actual  space  capable,  perhaps,  of  fairly  accom- 



EVILS    or  OVER-€EOWDINO.  163 

DKxkting  three  small  families,  now  occupied  bj  as  many  as  six,  or  even  eight,  dis- 
tinct families,  averaging  six  or  sevefi  persons  in  each.  With  all  this  overcrowding, 

the  sanitaiy  arrangements  of  the  house  (the  only  convenience,  probably,  being  one 
miserable  water-closet  in  the  back  yard,  supplied  direct  from  the  same  cistern  above 
it  whicli  supplies  water  for  the  whole  house)  are  merely  those  originally  provided, 
under  different  circumstances,  for  the  use  of  one  family.  Tlie  conditions  of  health, 
decency,  and  morality  likely  to  obtain  in  such  a  house,  crowded  from  cellars  to 

attics  with  human  beings-  of  all  ages  and  both  sexes,  may  perhaps  bo  imagined,  but 
cannot  easily  be  described. 

Nor  can  it  be  said  that  a  very  much  better  state  of  things  exists  with  regard  to 
the  dwellings  of  the  poor  in  some  of  the  more  rural  parts  of  the  country.  The  farm 

laboarer's  cottage,  consisting,  as  it  used  to  do,  of  one  or  two  rooms  with  a  tile  floor 
on  the  same  level  as  the  ground  outside,  or  perhaps  at  a  lower  level,  always  more  or 
less  damp,  and  saturated  with  the  dirt  of  generations,  under  a  roof  of  thatch  in  an 

advanced  state  of  decomposition,  with  small  windows,  having  little  or  no  arrange- 
ments for  opening  them,  and  accumulations  of  filth  and  refuse  in  th^  immediate 

ncmity  of  l£e  house,  often  saturating  the  walls,  is  still  to  be  met  with  in  many 
parts  of  the  country ;  but  to  the  credit  of  many  large  owners  of  property,  such  are 
mw  being  superseded  by  a  better  class  of  house,  in  the  arrangement  of  which  some 
attention  has  been  paid  to  the  modem  essentials  of  health  and  decency. 

The  wretched  condition  of  the  habitations  of  the  working  class  in  England  is  of 

^ery  long  standing,  but  it  was  not  until  shortly  after  the  institution  of  the  Poor 
I^w  Commission  that  public  attention  was  specially  directed  to  the  subject.  In 
August,  1839,  the  Poor  Law  Commissioners  were  directed  by  the  Queen  to  cause 
inquiry  to  be  made  as  to  the  extent  to  which  the  causes  of  disease  stated  in  their 
fourth  and  fifth  annual  reports  to  prevail  amongst  the  labouring  classes  in  the 
metropolis,  prevailed  also  amongst  the  labouring  classes  in  other  parts  of  England 
uid  Wales.  Hie  results  of  these  inquiries  were  subsequently  communicated  to  the 

Right  Hon.  Sir  James^  Oraham,  Bart.,  the  Home  Secretary,  in  July,  1842,  by  the 
eminent  early  Poor  Law  Commissioners,  George  Nicholls,  George  Comewall  Lewis,  and 
Edmund  Walker  Head,  in  the  form  of  a  most  valuable  report,  compiled  by  their  secitv 
tary,  Edwin  Chadwick.  That  report,  which  is  illustrated  with  several  examples  of  the 
dwellingg  of  the  working  classes,  seems  to  form  a  sort  of  starting-point  in  sanitary 
reform,  so  far  as  it  relates  to  habitations  and  all  that  concerns  them.  It  deals,  in 
the  broadest  manner,  not  only  with  the  general  condition  of  the  houses  themselves, 
hut  with  their  surroundings  and  neighbourhood,  and  the  management  of  the  whole 
localities  of  towns  where  the  dwellings  of  the  working  classes  were  chiefly  congre- 

gated. It  shows  how,  ''  in  the  instance  of  migrant  families  of  workpeople  who  ai*e 
obliged  to  occupy  inferior  tenements,  their  habits  soon  become  '  of  a  piece  *  with  the 
dwelling."  It  gives  instances  showing  how  the  noxious  physical  agencies  of  a 
miserable  home  aflect  the  character  and  condition  of  individuals  whose  previous 
training  and  habits  justified  the  expectation  of  better  results.  One  example  is  given 
m  detail  of  a  young  woman — a  servant,  highly  esteemed  for  neatness  and  cleanli- 
Q^— who  married  a  serving-man.  He,  being  retained  in  his  situation,  was  obliged 
^  take  a  house  as  near  his  employment  as  possible.  His  choice  was  limited  to  a 

f"^v  cottages— or,  it  may  rather  be  said,  "  hovels  " — of  the  most  miserable  kind,  and 
result  was  that  in  a  few  years  his  wife  so  degenerated  as  to  become  dirty, 
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uutidj — indeed,  so  slatternly  that  her  husband  became  dissatisfied  with  her  and 
with  his  home ;  and  had  she  and  her  family  not  been  removed  by  her  friends  to  a 
better  dwelling,  the  disadvantages  to  them  would  have  been  disastrous.  The  report 
also  shows  how  the  atmosphere  of  the  old  style  of  cottage,  being  always  close  and 
polluted,  is  one  of  the  agents  which  has  tended  more  than  almost  any  other  to 
depravity,  disease,  and  misery,  engendering  habits  of  improvidence  and  waste,  and 
affecting  the  nervous  system  in  a  manner  which  tends  to  incite  the  habitual  use  of  spirit& 

The  working  classes,  whether  agricultural  or  manufacturing,  must  be  housed 
near  their  employment.  Apart  fix>m  the  indirect  gain  consequent  upon  proximity 

to  the  employer  or  the  employer's  family  and  property,  tliere  are  immediate 
advantages  in  the  avoidance  of  risk  of  disease,  consequent  on  exposure  to  wet  and 
cold,  and  the  additional  fatigue  in  traversing  long  distances  between  the  home  and 
the  place  of  employment  in  the  damp  of  early  morning  and  nightfall  Whea  the 
home  is  near  the  place  of  work,  moreover,  the  labourer  is  enabled  to  take  his  dinner 

with  his  family  instead  of  at  the  beer-shop. 
These  considerations  have  led,  in  many  districts,  to  the  crowding  together  of 

dweUings  in  a  most  objectionable  manner^ 
In  all  manufacturing  towns,  where  vast  numbers  of  persons  are  employed  in 

the  development  of  any  special  trade  or  business,  there  will  always  be  found 
numerous  families  with  but  small  means,  for  whom  it  is  essential,  if  due  regard  is 
liad  to  their  health  and  habits,  that  small  separate  houses,  to  hold  no  more  than  one 
family  each,  should  be  provided.  These  houses  must  obviously  contain  a  certain 

minimum  amount  of  accommodation.  It  is  necessary  to  provide  a  living-room,  and 
also  separate  sleeping-apartments  for  the  parents  and  their  children.  Thus  there 
must  be  at  least  three  habitable  rooms,  while  for  those  families  where  the  children 

are  of  an  age  to  necessitate  their  being  separated — ^boys  from  girls — ^four  rooms  must 
be  provided.  This  sort  of  house  must  also  contain  a  small  scullery,  so  as  to  allow 

of  the  living-room  being  kept  moderately  tidy,  a  pantry  or  larder,  and  a  coal-cellar. 
It  should  likewise  include  a  washhouse,  the  requisite  water-closet  accommodation, 
and  a  dust-bin  or  receptacle  for  ashes  and  dry  house  refuse. 

In  the  manufacturing  districts  throughout  the  country  these  houses  are  very 
numerous,  but  the  success  with  which  they  have  been  arranged  differs  very  widely 
in  the  various  localities.  Efforts  have  been  made  in  many  ways  by  numerous 
philanthropic  individuals  and  societies  to  provide  improved  house  accommodation 

for  the  wage-earning  classes,  and  such  efforts  have  generally  been  attended  with 
more  or  less  success.  Thus  by  degrees  the  more  serious  objections  to  the  kind  of 

houses  for  the  working-classes  formerly  built  in  the  busy  towns  of  Lancashire, 
Yorkshire,  and  some  other  counties,  have  been  reduced  to  a  minimum.  The 
houses  are  still  clustered  together  in  long  rows,  with  other  rows  attached  to  ihe 
rear,  as  in  the  plans  shown  in  Figs.  86  and  87,  and  thus  form  what  have  come 

to  be  known  as  "  back-to-back  "  houses ;  but  the  surroundings — ^the  yards  and 
out-buildings — have  been  so  regulated  as  to  remove  many  of  the  defects  whicli 

combined,  in  a  gi-eat  measure,  to  create  the  objections  attributed  to  the  class  of 
house  itself.  The  particular  class  of  house  refeixed  to  is,  by  many  whose  opinions 
are  entitled  to  much  weight,  held  to  be  a  necessity  in  various  localities,  if  a  certain 
small  limit  of  cost  of  constiniction  has  to  be  observed;  and  though  the  pecidiar 
arrangement  is  one  that  cannot  under  any  circumstances  be  recommended,  it  is 
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possible  to  veiy  materially  lessen,  if  not  altogether  remove,  some  of  the  worst 

defects  in  the  mode  hithei*to  commonly  adopted  of  constructing  them,  and  thus, 
where  such  houses  are  found  to  be  a  necessity,  to  make  them  fairly  wholesome  abodes. 

As  instances  showing  how  the  **  back-to-back  "  system  may  be  carried  out  with 
a  considerable  d^ree  of  success,  the  Saville  estate  at  Thomhill,  near  Dewsbury, 
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and  Copley  Village,  near  Halifax,  may  be  pointed  out.  In  both  cases  all  houses 
thai  are  built  are  arranged  in  accordance  with  certain  specific  regulations  laid  down 
by  the  respective  owners  of  the  estates,  and  intended  to  remove  the  more  serious 
objections  that  are  usually  associated  with  the  System.  Thus,  the  number  of 
back-to-back  houses  in  one  block  is  limited  to  four — two  to  the  front  and  two  to  the 
rear — so  that  each  house  shall  have  windows  or  other  efficient  means  of  ventilation 

not  only  in  its  front  wall,  but  also  in  its  external  side  wall.  Adequate  space  is 
required  to  be  provided  between  the  adjacent  blocks  of  houses;  and  separate 

conveniences,  ash-pits,  &c,,  are  required  for  each  house.  At  Copley  Tillage, 
allotmenirgardens  and  a  recreation-ground  have  been  provided  for  the  use  of  the 
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inhabitaiits,  also  a  church  and  a  school,  the  class-room  of  the  latter  serving  as  <i 
village  liltrarj  and  news-room.  It  will  be  obvious,  however,  that  in  these  instances 
the  system,  being  carried  out  on  private  estates  and  under  carefully-framed 
r^pilations  rigorously  enforced,  is  applied  under  the  most  favourable  conditions,  not 
merely  as  regards  situation  and  arrangement^  both  external  and  internal,  but 
also  of  quality  of  construction.  The  circumstances  are  very  different  when  it 

is  applied  in  the  low-lying  parts  of  some  large  manufacturing  town  where^  owing  to 
the  value  of  land,  space,  both  within  and  without  the  houses,  is  curtailed  to  the 
utmost,  and  the  buildings  are  allowed  to  be  constructed  by  speculating  builders, 
untrammelled  by  the  regulations  that  are  so  essential  to  secure  even  a  moderate 
degree  of  wholesomeness. 

Some  of  the  tenements  in  the  blocks  of  artisans'  and  labourers'  dwellings  that 
have  of  late  years  been  built  in  the  metropolis,  even  under  eminent  pfof^sional 

supei'vision,  possess  in  a  marked  degree  the  main  defects  of  imperfect  ventilation 

that  are  supposed  only  to  exist  in  ̂' back-to-back "  houses.  The  tenements  ui 
question  are  arranged  back  to  back  against  a  central  division  wall,  in  laige  blocks 
of  building,  several  storeys  high,  and  having  two  fronta  Even  in  these  buildings 
the  ordinary  health  of  the  inmates  is  stated  to  be  fairly  good,  and  in  that  case  the 

arraugement  seems  to  go  far  to  prove  that  if  the  surroundings — the  privy  and 
especially  the  ash-pit  arrangements — and  the  sink  and  drain  connections,  are  what 
tliey  ought  to  be,  the  defects  which  were  formerly  attributed  to  the  absence  of 
means  of  through  ventilation  were,  in  reality,  due  to  other  causes.  It  remains 
to  be  seen,  however,  whether  the  alleged  healthy  condition  of  the  inmates  in  these 
huge  and  comparatively  new  buildings  will  be  maintained  when  the  tenements  have 
been  constantly  occupied  for  such  a  length  of  time  that  the  walls,  floors,  ceilings, 
&c,  shall  have  become  saturated  with  the  continual  exhalations  of  their 
inhabitanta 

Wherever  possible — and  in  new  districts  and  buildings  it  ought  to  be  always 
possible — it  should  be  regarded  as  a  matter  of  primaiy  impcnrtance  for  purposis^ 
of  health  that  eveiy  house  or  tenement  should  have  an  adequate  amount  of 
o})en  space  not  only  in  front  of  it,  but  also  at  its  rear ;  and  likewise  that  it  should 
have  windows  in  every  storey  overlooking  such  open  space  both  in  the  front  and 
rear.  By  this  means  it  will  be  possible  with  very  little  difficulty  to  secui%  a  current 
of  air  through  the  house  at  all  times. 
.  In  order  that  this  arrangement  may  be  thoroughly  efficient^  it  is  necessaiy  that 

the  open  space  in  the  front  and  rear  should  be  of  sufficient  size,  and  that  the  distance 
across  it  to  the  opposite  building  or  property  should  be  such  as  will  allow  free 
circulation  of  air  about  the  building,  and  access  of  as  much  light  and  sunshine  to 

such  space  as  possible. 

In  fix)nt  of  the  house  the  sti*eet  is  generally,  though  not  invariably,  of  sufficient 
width  to  effect  these  objects;  but  instances  are  not  uncommonly  met  with,  even  of 

recent  creation,  in  which  a  house  is  so  placed  on  a  plot  of  ground  as  to  have  a  totally 
inadequate  amount  of  space  in  front  of  it.  This  happens  sometimes  when,  as  in 
Fig.  88,  a  house,  or  a  ix)w  of  houses,  is  built  in  the  back  gaixlen  of  another  house,  a 

passage-way  being  affi^i-ded  thereto  by  the  side  of  the  front  house.  Such  instanc^^ 
ought  always  to  be  prevented,  and  the  local  building  regulations  should  be  so  framed 
as  to  render  such  an  arrangement  inadmissible. 

k 
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The  reqoisite  amount  of  space  at  the  roai-  of  a  house  should  ext«ud  across  the 
i-ntire  width  of  die  house,  and  ought  to  be  not  less  in  any  case  than  one  hundred 
and  fifty  to  two  hundred  square  feet  in  extent ;  and  the  distance  across  this  spacei 
from  the  rear  wall  of  the  house  to  the  opposite  property,  should  increase  in  proportion 
to  the  height  of  the  house,  the  minimnni  distance  being,  in  the  case  of  a  house  of 
itrooll  height,  from  ten  to  fifteen  feet  where  land  is  valuable,  but  more  vhere  a  larger 
extent  can  be  obtained. 

The  ordinary  labourer's  cottage  of  the  country,  for  the  sake  of  economy,  is 
usually  built  either  in  a  row  of  several  cottages,  or  in  semi-detached  pairs,  and  two 
storeys  In  height     The  ground-  i  r  g  e  t  t 
floor  rooms  should  not  be  less 

ttiaa  nine  feet,  and  the  upper 
rooms  eight  feet  higK  The 
Uting-room,  being  the  principal 
loom  in  the  cottage,  and  the  one 
used  in  oommon  by  all  the  in- 

mates, shoidd  be  as  large  as 
circumstances  will  admit,  and, 
if  possible,  of  not  l<!ss  than  one 
liundred  and  fifty  square  feeti 
It  should  have  a  space  of  twelve 
feet  by  t«n  feet  clear  of  the 
trhinmey-breast  and  other  pro- 

jections. At  least  one  large 

i-ujiboard,  lighted  if  practicable 
liy  a  separate  window  to  open 
on  pivots,  should  be  provided 

at  the   side    of    the    chimney- 
Lroist,  Attached  to  the  liviug-i-oom  should  be  the  scullery,  eoutaiuiiig  a  copjier. 
vtth  furnace,  also  sanic,  plate-rack,  &c  This  room  should  have  a  superficial 
»rea  of  about  seventy-five  feet— a  proportion  of  about  10  feet  by  7  feet  6  inches 
forms  a  convenient  shape  for  a  cottage  scullery.  Tlie  pautry  and  fuel-store  nuty  be 
entered  from  the  scullery,  either  on  the  same  level  ov  by  a  flight  of  stairs  to  a  well- 

veutilated  cellar,  or  the  fuel  may  be  stored  in  a  shed  in  the  back  yard.  In  this  yai-d 
also  will  be  the  privy  accommodation  and  the  dust-bin.  The  staircase  should,  where 
practicable,  start  from  an  enclosed  porcli,  giving  access  to  the  living-room.  The 
pordi  is  useful  to  the  latter  as  a  protection  from  the  veather,  and  it  serves  for  the 
deposit  of  tools,  wet  outer  olothii^  boots,  &&,  which  otherwise  would  have  to  be 
taken  into  the  living-room.  The  stairs  ascending  from  the  porch,  moreover,  are  not 
w  likely  to  serve  as  a  shaft  conveying  heat  and  vitiated  air  from  the  living-room  to 
the  Ijed-rooms. 

The  bed-rooms  should  be  as  lai^ge  as  the  circumstances  permit — the  one  for  the 
larents  should  have  a  floor-area  of  from  100  square  feet  to  I2U  square  feet,  and 

ought  to  have  ai  fireplace  and  good  cupboai'd.  In  dimeiisious  12  feet  by  ID  t'eot  would 
lie  a  convenient  size.  The  two  bed-rooms  for  the  children  should  be  not  lesm  than 
50  feet  superficial  each  ;  one  of  them  could  probably  be  about  80  feet  superficial, 
*hicii  would  answer  sufiSciently  well  for  two  children.     If  a  fireplace  can  be  airanged 
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ill  Uiese  rooms  so  much  the  better.  It  is  desirable  to  separate  them  as  completely 
us  poHsible,  because  sometimes  one  of  them  may  be  used  by  a  lodger,  and  in  that  casn 
the  sejMiration  is  more  necessary  than  where  the  inmates  are  all  of  one  family.  A 
pair  of  cottages,  such  as  has  just  been  described,  would  cost  probably  fully  X300,  but 

if ,  as  is  sometimes  the  case,  thotjgh  obviously  very  undesirable,  the  size  of  some  of  tbe 

rooms  be  slightly  cui'tailed,  and  the  space  occupied  by  the  staircase  be  taken  off  the 
livings-room,  some  reduction  from  that  sum  would  be  effected. 

The  plans  on  page  169,  as  insued  by  the  Enclosure  Commissioners,*  show  a 
very  convenient  arrangement  of  a  pair  of  two-storey  semi-detached  cottages, 
arranged  somewhat  on  the  plan  just  descnbed.  Tlie  rooms  are  of  fairly  good 

height  and  suitable  dimensions.  In  one  of  the  cottages  a  bread-oven  is  pro- 
vided in  the  scullery  in  addition  to  the  boiling-copper  provided  in  each.  In 

many  parts  of  the  country  a  bread-oven  would  be  indispensable  in  every  cottage. 
In  the  other  cottage  it  will  be  observed  that,  by  way  of  compensation,  the  chimney 

opening  in  the  living-room  is  shown  to  be  of  greater  width  than  the  one  in  the 
cottage  with  the  oven.  This  would  allo^  of  a  more  convenient  kitchen-range 
being  provided,  one  containing  an  iron  oven  for  baking  meat,  bread,  &c 

A  cheaper  kind  of  cottage  is  shown  in  Figs.  95  to  100,  page  171  »t  the  plans 
being  numbered  as  by  the  Commissioners.  In  these  the  accommodation  is  all 
on  l^e  ground  floor.  These  cottages,  which  are  recommended  by  the  Enclosure 
Commissioners  (and  are  designed  principally  for  Scotland)  comprise  in  Fig.  95  a 

living-room,  16  feet  by  12  feet,  and  two  bed-rooms,  13  feet  by  9  feet,  and 
10  feet  by  6  feet  9  inches  respectively ;  also  a  scullery,  good  entrance-lobby 
with  cupboard  and  a  pantry.  This  cottage,  as  will  be  seen  from  the  plan,  is 
intended  for  a  married  couple,  their  two  or  three  young  children  occupying  one 

bed-room,  while  the  li\ing-room,  being  of  large  size,  would  admit  of  a  bed  being 
placed  in  it  when  the  children,  being  of  different  sexes,  would  need  separate 
bed-rooms.  Of  course  the  requisite  privy  accommodation,  with  coal  and  wood  store, 
&C.J  would  be  arranged  out  of  doors,  but  the  plan  is  probably  the  least  costly  that  is 

|x)H8ible  for  the  amount  of  accommodation  provided.  In  Figs.  97,  98,  and  100 
there  are  three  distinct  bed-rooms  in  addition  to  the  living-room,  and  it  will 
be  ol>served  that  in  all  these  plans  the  rooms  are  to  have  a  minimum  height  of 
10  feet,  and  that  the  arrangement  provides  ample  means  of  thorough  ventilation  in 
each  cottaga 

The  ordinary  artisan's  house  in  the  manufacturing  town  comprises  very  mucli 
the  same  accommodation  as  that  of  the  labourer's  cottage  in  the  country,  but  in 
consequence  of  the  increased  value  of  the  land  on  which  it  is  built,  the  necessary 
rooms  and  offices  have  to  be  packed  closer  together  than  is  desirable  in  any  case, 

or  than  would  be  necessary  whei-e  the  land  is  of  mere  agricultural  value.  Thus 
in  towns,  the  houses  are  necessarily  arranged  in  ix)W8  with  only  the  minimum 

amount  of  open  sjiace  in  the  front  and  rear  that  is  requisite  for  convenience  of  traffic 
and  circulation  of  air.  In  many  towns  where  rows  of  houses  are  built  attached 

to  each  other  back-to-back,  the  necessary  outH)ffice8 — privy  accommodation  and 

ash-pits  —  are  placed  at  intervals  between  blocks,  often  comprising  as  many  as 

sixteen  or  twenty  houses — eight  or  ten  facing  one  street,  and  the  same  number 

*  Sheet  5  of  Endosure  CommiBsionen'  Deaignt. 
t  Sheet  2  of  Enclosure  Commisrionera'  Designs. 
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at  the  rear  facing  another  street  Thus  the  occupiers  are  subjected  to  the  serioxts 
inconvenience  of  having  to  go  a  considerable  distance  in  order  to  relieve  the  wants 

of  nature — ^an  arrangement  objectionable  on  every  groundf  and  opposed  to  common 
decency.  This  plan  is  unfortunately  not  confined  to  back-to-back  houses  alone. 
In  some  of  the  principal  towns,  houses  having  open  space  at  the  rear  as  well  as  in 
front  are  still  to  be  found  with  detached  privy  accommodation  common  to  several 
houses;  but  it  is  to  be  hoped  that  this  arrangement  is  being  prevented  in  new 
buildings,  and  remedied,  as  far  as  circumstances  permit^  in  the  case  of  old  buildinga. 
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Fig.  101.~PUui  of  Lodging-hjiMe. 

In  the  Report  of  Mr.  Chadwick,  above  referred  to,  is  a  plan  by  the  late  Mr. 

Sydney  Smirke,  architect,  of  a  "Public  Lodging-house,''  which  is  probably  the  first 

suggestion  for  providing  a  block  of  apartments  for  the  labouring  classes.  It  con- 

sisted of  a  thiee-storey  building  airanged  as  shown  in  the  annexed  illustration 

(Fig.  101),  and  provided  fifty  or  sixty  separate  rooms.  This  step  was  followed  shortly 

afterwards  by  the  formation,  in  1844,  of  the  Society  for  improving  the  condition 

of  the  labonring  classes,  whose  object  was  to  provide  those  classes,  either  by 

alteration  or  adaptation,  with  suitable  dwellings  ;  and  from  that  time  that  Society 

and  others  moving  in  the  same  direction,  assisted  by  the  legislature,  have 

provided  blocks  of  artisans'  and  labourers'  dwellings  in  the  metropolis  and  other 
towns  of  the  kingdom. 

In  1851  the  above-mentioned  Society,  of  which  the  late  Prince  Consort  was 
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President,  exhibited  at  the  Great  Exhibition  in  Hyde  Park  a  block  of  model 
houses  for  four  distinct  families.  This  block,  which  was  designed  by  Mr.  Heiuy 
Roberts,  F.8.A.,  the  honorary  architect  of  the  Society,  may  still  be  seen  at 
Kennington,  where  it  was  subsequently  erected.  Each  of  the  four  residences 

contains  a  living-room  14  feet  2  inches  by  10  feet  4  inches,  a  parents'  bed-iHX)in, 
11  feet  5  inches  by  9  feet,  two  smaller  bed-rooms,  for  children,  each  9  feet  by  5  feet 

2  inches,  a  small  scullery,  a  water-closet,  and  a  porch.  Except  that  the  children's 
bed-rooms  are  of  very  limited  size,  the  lA&n  (Fig.  102)  is  generally  satisfactory. 
The  construction  is  nearly  entirely  of  hollow  bricks,  and  there  is  a  complete 
absence  of  timber  in  the  floors  and  roofs,  which  are  formed  of  hollow  brick  arches, 

thus  going  far  to  make  the  building  safe  against  fii-e. 
A  practical  example  of  what  may  be  done  by  a  large  employer  of  labour,  in 
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Fig.  108.— Blook  of  ArUauis'  Besiclenoes. 

the  way  of  improving  the  condition  of  his  workpeople,  is  to  be  found  in  the  town 
of  Saltaire,  near  Bradford,  erected  by  the  late  Sir  Titus  Salt  Here,  dwellings 

for  several  hundreds  of  workpeople  have  been  built,  and  supplied  with  suitable  drain- 

age, water,  and  gas.  For  the  use  of  the  inhabitants,  a  church,  schools,  lecture-room, 

library,  baths,  and  washhouses,  and  a  large  dining-room,  with  kitchen  attached, 
have  been  erected.  A  noteworthy  feature  in  the  scheme  is  that  no  public-house 

or  beer-shop  is  to  be  found  on  the  estate.  Some  of  the  effects  of  providing  these 

numerous  workpeople  with  well-arranged  and  wholesome  dwellings  are  to  be  seen 

in  the  important  facts — that  the  rate  of  infant  mortality  is  very  low  as  compared 
with  that  of  the  neighbouring  town  of  Bradford^  and  that  illegitimate  children  are 
rare. 

i 

Much  advantage  results  from  numerous  well-managed  building  societies. 

Akroydon,  a  village  erected  by  Mr.  Edward  Akroyd,  in  oo^  unction  with  the 
Halifax  Permanent  Benefit  Building  Society,  is  the  outcome  of  a  scheme  for 

enabling  workmen  to  become  possessed  of  healthy  and  well-built  houses.  By  an 

aiTangement  with  the  building  society,  under  which  Mr.  Akroyd  undertook  to 

provide  the  plans  and  supervision,  and  to  defray  all  tiie  expenses  oonnected  there- 
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with,  and  likewise  to  guarantee  the  fulfilment  of  the  contract  within  the  estimate, 
workmen  were  not  only  able  to  purchase  their  houses  on  exceptionally  easy  terms, 
bat  had  the  additional  guarantee  that  they  were  acquiring  unusually  well-built 
hou8e& 

A  somewhat  similar  scheme  to  the  foregoing  was  started  by  the  late  Sir  John 

Crossley,  at  West  Hill  Park,  HJedifaXy  where,  by  the  co-operation  of  landowner 
and  builduig  society,  the  workman  finds  it  possible  to  become  the  possessor  of  a 

soimdiy-built  and  wholesome  house  at  practically  no  more  than  cost  price. 
In  some  of  the  large  provincial  towns  as  well  as  in  the  metropolis,  efforts  have 

been  made  to  provide  proper  dwellings  for  the  poor  as  a  strictly  commercial 
undertaking,  and  these  efforts,  under  judicious  management,  have  been  attended, 
in  many  instances,  with  some  considerable  success.  In  London,  the  Industrial 
Dwellings  Company,  of  which  Sir  Sydney  Waterlow,  Bart.,  is  chairman,  has 
erected  a  number  of  blocks  of  dwellings,  some  of  the  blocks  containing  twenty, 
some  sixty  or  a  hundred,  and  some  as  many  as  three  hundred  and  five  hundred 

distinct  dwellings,  each  dwelling  holding,  on  an  average,  four  or  ̂ ve  persons.* 
By  the  munificence  of  the  late  Mr.  Peabody,  who  gave  and  bequeathed  altogether 

half  a  million  sterling  for  the  purpose,  the  poor  of  London  have  had  a  great 
benefit  conferred  upon  them  in  the  last  fifteen  years  by  the  erection  of  several 
blocks  of  improved  dwellings.  In  the  sixteenth  annual  report  of  the  trustees  of 
this  fund,  for  the  year  1B80,  it  is  stated  that  as  many  as  2,355  separate  dwellings 
have  been  provided.  These  dwellings  comprised  5jl70  separate  rooms,  exclusive  of 

bath-rooms,  laundries,  and  wash-houses,  and  were  occupied  by  9,899  individuals. 
Additional  dwellings  were  then  in  course  of  being  provided,  which,  it  was  antici< 
pated,  would  supply  further  accommodation  for  760  families,  or  upwards  of  3,500 
individuals.  The  dwellings  already  occupied  were  tenanted  by  families,  the  head  of 
«ich  of  which  earned  on  the  average  £1  3&  4^d.  per  week,  and  the  average  weekly 
rent  of  each  dwelling  was  4s.  4^d,  and  of  each  room  la  11  |d.,  the  rent  in  all  cascH 

including' the  free  use  of  water,  the  laundries,  sculleries,  and  bath-rooms,  by  the 
tenants.  The  rate  of  mortality  in  these  buildings  is  stated  to  have  been  19-71 

per  thousand,  which  is  2*49  in  the  thousand  below  the  average  of  the  metropolis 
for  the  same  period.  The  net  gain  for  the  year  from  rents  and  interest  (including 
Xl,500  for  the  sale  of  a  plot  of  land)  was  about  £26,779,  which  exhibits  a  fairly 
satisfactory  result 

lliere  has  been  much  improvement  in  the  arrangement  of  dwellings  in  blocks 

Ainee  the  earlier  dwellings  were  erected.  In  Mr.  Smirke's  plan  of  1841  (see 
Fig.  101,  the  rooms  were  arranged  along  both  sides  of  one  general  conidor  on 
each  floor.  More  recently,  in  some  of  the  earlier  erections  by  the  Peabody 
trustees,  a  main  corridor  likewise  forms  the  means  of  access  to  the  several 

dwellings  on  each  floor.  Even  where  this  corridor  is  of  good 'width,  however, 
with  windows  at  the  extremities  and  openings  in  the  staircases,  this  is  but  an 
nnsatisfjactoiy  arrangement.  The  corridor  prevents  the  families  from  having  that 
amount  of  privacy  and  independence  which  is  always  looked  for  in  the  residence  of 
every  class  of  Englishman.  The  corridor,  moreover,  is  always  difficult  to  ventilate ; 
and  unless  it  can  be  well  lighted,  which  is  almost  impossible  in  a  large  building, 
and  in  constant  communication  with  the  external  air,  it  is  a  source  of  danger 

*  Beport  on  Poor-Law  Belief  in  St.  Pancras,  by  Tho«.  E.  Gibb,  Vestiy  Clerk,  1879. 
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rather  than  otherwise  to  the  residents  in  the  building,  since  it  receives  the  vitiated 
air  from  many  dwellings,  and  as  some  of  them  cannot  fail  to  draw  a  portion  of 

tlieir  supply  of  air  from  the  corridor,  thei*e  is  always  disadvantage,  and  occasionally 
danger,  arising  from  this  particular  arrangement  The  corridor  plan,  having  rooms 
along  both  sides  of  a  corridor,  is  now  very  generally  condemned  in  all  large 
buildings  intended  for  occupation,  whether  they  be  barracks,  workhouses,  schools, 
or  otherwise,  as  it  is  impossible  under  such  an  arrangement  to  ensure  effectual 
ventilation. 

Another  defect  in  the  earlier  plans  for  blocks  of  dwellings  was  that  the  several 
blocks  were  directly  attached  to  each  other  at  right  angles,  so  as  sometimes  to 
form  four  sides  of  a  quadrangle.  Such  an  arrangement  is  always  objectionable, 
inasmuch  as  it  is  impossible  to  secure  a  free  movement  of  air  in  the  courtyard. 
This  arrangement  cannot  fail  to  produce  a  certain  amount  of  stagnation  in  the 
atmosphere,  and  as  some  parts  of  the  quadrangle  are  precluded  from  ever  receiving 
any  direct  sunshine,  there  is  a  most  objectionable  degree  of  dampness  and  unwhole- 
someness  in  the  air,  which  the  ordinaiy  arched  openings,  ground  storey  high  only, 
are  quite  insufficient  to  remedy.  In  every  case  where  several  blocks  of  building 
surround  an  open  space,  it  is  essential  that  they  should  bo  completely  separated 
from  each  other  at  the  ends  by  openings  20  feet  or  30  feet  wide,  so  as  to  allow  free 
circulation  of  air. 

The  most  satisfactory  arrangement  of  apartments  appears  to  be  that  by  which 
each  distinct  set  of  rooms  is  entered  directly  from  the  external  air.  This  is 
effected  either  by  providing  a  separate  main  staircase  open  to  the  outer  air  for 
every  two  vertical  sets  of  apartments,  or,  where  one  staircase  has  to  serve  for 
more  than  two  tenements  on  each  floor,  to  form  a  balcony  or  verandah  gallery 
along  the  outside  to  afford  access  to  the  several  tenements. 

In  the  class  of  building  under  consideration,  it  is  necessary  to  supplement 

the  accommodation  ordinarily  required  in  an  artisan's  cottage  by  some  few  oon- 
veniences  to  meet  certain  difficulties  that  would  otherwise  be  experienced  in 
consequence  of  the  absence  of  a  separate  yard  in  connection  with  each  tenement. 

Thus,  a  private  coal-store  has  to  be  arranged  conveniently  accessible  from  each 
tenement,  and  possibly  a  lift  for  raising  coals  to  the  several  floors.  Shoots  also 
have  to  be  provided  for  getting  rid  of  dust  and  refuse,  and.  these  have  to  be 

arranged  so  as  to  preclude  the  possibility  of  their  acting  as  shafts  conveying 
unwholesome  air  from  the  dust-receptacle  at  the  bottom  into  the  apartments  ou 
the  upper  floors.  Suitable  slop-sinks  are  likewise  necessary  in  the  upper  storeys, 
and  these  have  also  to  be  placed  in  such  a  position  as  to  render  them  free  from 
objection. 

Another  feature  that  has  been  successfully  introduced  into  these  tenement 
buildings  is  the  flat  roof,  which  serves,  when  provided  with  a  suitable  parapet^  as  an 
excellent  place  of  recreation  for  children.  It  is  also  frequently  used  as  a  drying- 
ground  for  wet  linen,  and  in  many  instances  suitable  washhouses  have  been  con- 

structed on  the  roofs  of  these  buildings,  for  the  use  of  the  several  occupiers  of  the 
tenements  beneath. 

It  has  been  stated  above  that  some  of  the  blocks  of  industrial  dwellings  com- 
prise several  hundred  tenements.  It  must  be  borne  in  mind,  however,  that  in  the 

netropolis,  at  any  rate,  there  are  certedn  restrictions  to  which  the  tenements  in 
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bnildings  of  large  size  are  subject.  Thus  the  Buikling  Act  requires  tliat  separate 
sets  of  chambers  or  rooms  tenanted  by  different  persons  shall,  if  contained  in  a 
building  exceeding  3,600  square  feet  in  area — i.e.,  60  feet  by  60  feet — be  deemed 
to  be  separate  buildings,  and  be  divided  accordingly,  so  far  as  they  adjoin  vertically, 
by  party  walls,  and,  so  far  as  they  adjoin  horizontally,  by  party  arches  or  fireproof 
floors.  This  regulation,  which  is  primarily  intended  as  a  precaution  against  fire, 
is  of  some  advantage  in  a  sanitary  point  of  view,  inasmuch  as  it  tends  to  insure 
the  complete  isolation  of  the  several  families  occupying  the  block  one  from  another. 

An  element  of  vital  importance  in  the  consideration  of  any  kind  of  improved 

dwellingB  for  the  wage-earning  classes,  whether  it  be  the  country  labourer's  cottage 
or  the  blocks  of  dwellings  for  the  mechanic  of  the  town,  is  the  choice  of  materials 
and  the  mode  of  construction  to  be  employed.  In  country  places  the  choice  of 
materials  will  be  to  a  great  extent  limited  by  local  products  and  considerations  of 
carriage,  labour,  etc.  Local  prejudice,  too,  must  be  taken  into  account,  and  old 
customs  ought,  so  far  as  they  are  compatible  with  true  sanitary  laws,  to  be  freely 

adopted.  Probably  one  of  the  most  injurious  customs  of  ordinary  cottage  and  farm- 
house building  is  that  of  paving  the  ground-fioor  rooms  with  bricks,  often  of  a  very 

porous  nature,  and  laid  on  the  earth  without  any  intervening  bed  of  concrete.  For 

loany  reasons  it  is  frequently  undesirable  to  floor  the  lowest  storey  of  a  labourer's 
cottage  with  wood  While,  therefore,  it  may  be  necessary  to  retain  the  old  method 
of  flooring  with  bricks  or  tiles,  it  is  of  the  utmost  importance  that,  whichever  of 
these  materials  be  used,  it  should  be  laid  on  a  solid  and  impervious  bed  of  concrete. 
In  very  damp  soils  the  concrete  should  be  covered  with  a  layer  of  asphalte  or  tar. 

Another  time-honoured  custom  pertaining  to  the  labourer's  cottage  is  that  of 
roofing  with  thatch.  Picturesque  and  warm  as  thatch  undoubtedly  is,  it  nevertheless 
has  disadvantages  which  quite  outweigh  these  qualities.  Being  entirely  vegetable 
in  its  nature,  it  is,  of  course,  subject  to  comparatively  rapid  decomposition,  which  is 
enoooraged  by  alternations  of  drenching  rain  and  scorching  sun.  It  is,  moreover, 
d  a  most  inflammable  nature,  and  aflfords  unlimited  harbour  for  insects.  From  all 
considerations,  therefore,  of  healthy  dwellings  for  the  rural  labouring  population, 
thatch  should  be  dismissed  as  extremely  undesirable. 

In  most  country  places  the  casement  is  the  all  but  invariable  type  of  window, 
and  its  size  is  usually  small  in  proportion  to  the  size  of  the  room.  While  the 
sixe  can  be  increased  with  advantage,  it  will  frequently  be  found  advisable  to  retain 
the  casement  form :  firstly,  because  it  is  a  form  to  which  many  people  are  greatly 
attadied,  and  therefore  there  is  more  chance  of  its  being  properly  used  than  any 
form  would  have  to  which  they  were  unaccustomed ;  and  secondly,  because,  in  many 
places,  there  would  be  a  difficulty,  or,  at  all  events,  increased  cost,  in  repairing 
sliding  sashes ;  and  this  circumstance  would,-  in  many  instances,  result  in  the  disuse 
of  the  window  for  purposes  of  ventilation. 

What  has  been  said  about  windows  applies  equally  to  doors,  stoves,  and,  in  fact, 

to  all  the  necessary  fittings  and  appurtenances  of  a  labourer's  cottage.  They  should 
he  as  simple  and  strong  in  construction  as  possible,  and,  as  far  as  practicable,  shouhl 
take  the  form  of  those  habitually  in  use  in  the  locality.  Above  all  things,  it  is 
necessary  that  repairs,  when  required,  should  be  within  the  capacity  of  local  skill  to 
effect 

While  greater  latitude  in  the  choice  of  materials  is  available  for  tho  artisans' 16 
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chvol lings  in  lai'ge  towns,  it  is  of  equal  necessity  to  select  only  such  materials  as  will 
stand  the  test  of  the  wear  and  tear  necessarily  involved.  In  any  system  of  com- 

bined dwellings  it  will  also  bo  necessary  to  build  in  the  manner  best  fitte<l  to 
guard  agaiiLst  fire.  While  the  elements  of  strengtli  and  durability  are  necessarily 

provided  in  any  fire-pix)of  construction  worthy  of  the  name,  it  will  also  l»e 
found  that  the  nature  of  the  materials  used  is  such  as  to  comply  with  proper 
conditions  of  health.  Into  any  such  system  concrete  must  largely  enter.  As 
a  material  for  floors  it  is,  probably,  unrivalled,  while  the  improvements  which 
are  being  continually  made  in  the  manufacture  of  Portland  cement,  and  the 
attention  and  skill  which  is  being  devoted  to  the  application  of  concrete  to 

various  pui*poses,  point  to  almost  unlimited  possibilities  in  the  use  of  this 
valuable  material.  We  must  look  to  the  increasing  methods  of  application  of 
concrete,  both  to  constructive  and  decorative  purposes,  for  the  means  of  substituting 
a  haixl  and  impervious  material  for  the  soft  and  perishable  wood  used  for  skirtings 
and  other  purposes. 

Fittings  of  every  description  must,  of  course,  be  of  as  strong  and  durable  a 
nature,  and  of  as  simple  a  construction  as  possible.  Any  delicate  mechanism,  or 
anything  which  can  easily  be  put  out  of  oixler,  is  inadmissible.  Pipes  for  conveying 
water  should  be  of  iron,  in  preference  to  lead.  All  such  fittings  as  taps  and  valves 
should  be  of  the  simplest  kind,  and  as  strongly  made  as  possible.  Contrivances  for 

i*egu1ating  the  supply  of  water  should  bo  fixed  in  positions  accessible  only  to  the 
proper  authorities  in  charge  of  the  repairs  of  the  building. 
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CHAPTER  XVil. 

COMPOSITE  MIDDLE-CLASS   HOUSES. 

Enb  of  Ordinary  Lodging-housefl— Advantages  of  Houses  in  Flats — Example  of  the  Plan  in  an 
*' bland"  of  Regent  Street — ^Advantages  and  Disadvantagos  of  the  Plan. 

Is   the   progress    of    improvement    in    the    arrangement    and    construction    of 
dwellings  in  large  towns,  the  wants  of  the  middle  classes  seem  to  have  been  almost 
vhollj  lost  sight  o£      Whilst  on  the  one  hand  numeroas  houses  or  suites  of 
chambers  arranged  in  flats  supply  the  wants  of  the  more  wealthy,  on  the  other 
hand,  the  necessity  for  the  provision  of  proper  dwellings  for  the  wage-earning 
cksses  has  brought  into  existence  various  companies  and  associations  f6r  accom- 

plushing  -that  desirable  object,  and  has  also  been  the  subject  of  a  special  Act 
of  Parliament.      The  artisan  can  take  his  choice  between  the  numerous   blocks 

of  model  dwellings  erected  specially  to  accommodate    him,   or,   if  he  desire   a 
purer  air  than  London  affords,  he  has  only  to  travel  a  few  miles  out  of  town,  and 

he  will  find,  as  at  Shaftesbury  Park,  Battersea,  or  Queen's  Park,  Kilbum,  whole 
towns  of  cottages,  also  specially  erected  for  his  convenience.     Nor  will  he  find  that 
the  bare  necessities  of  his  domestic  life  have  alone  been  provided  for.     Ooffee 

palaces,  clubs,  schools,  baths  and  washhouses,  and  even  temperance  music-halls  are 
provided,  either  by  a  paternal  government  or  by  the  contributions  of  individuals. 
With  all  this  patronage,  not  unfrequently  overdone,  of  the  working  man,  but  little 
or  nothing  has  been  done  in  a  like  direction  for  the  class  of  people  who^  while 

earning  wages  frequently  less  in  amount  than  those  of  a  first-class  mechanic,  have 
nevertheless  constantly  to  preserve  an  outward  appearance  of  gentility  which  is  not 
essential  to  the  latter.     The  city  clerk,  or  the  assistant  in  a  shop,  has  no  choice  but 
to  make  the  best  of  a  room  or  rooms,  bearing  in  height  from  the  ground  an  inverse 
proportion  to   the  amount  of  his   income,    and   situated   probably  in   or  about 
Bloomsbury,  Olerkenwell,  or  else  in  some  more  distant  suburb.     Here  he  will  have 
to  retire  after  the  labours  of  the  day,  often  onerous  enough,  and  with  his  own  hands 

prepare  what  food  he  may  require,  or  obtain  it  at  the  nearest  eating-house.     Take 
an  ordinary  lodging-house  in  such  a  locality  as  Bloomsbury,  for  instance.     The 
lioose  itself  is,  including  basement,  five  storeys  in  height.     Originally  intendei  for 
one  family,  it  is  now  inhabited  by  three  or  four.     The  basement,  dark,  damp,  and 
stuffy,  is  occupied  by  the  proprietor  and  his  family.      In  rooms  seldom  or  never 

visited  by  the  genial  i-ays  of  sunlight,  reeking  oft-times  with  the  foul  exhalations  of 
defective  drains  or  of  decaying  refuse  under  the  floor-boards,  the  accumulations  of 
Years,  a  familj  of  five  or  six  adults  pass  the  greater  part  of  their  existence.     The 

ground  floor  contains  the  "  parlours,"  front  and  back,  with  perhaps  a  third  room 
behind  aJL     The    first   floor   is  the   best   and   most    expensive,    the  "drawing- 
rooms"  bein^  in  point  of  size  and  position  the  most  eligible  in  the  house.     The 
two  remaining  flo<V8  will   generally  be   found   to    be    further   subdivided,    and 
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lessening  in  value,  until  the  attics,  the  most  exalted  in  height  but  the  lowest  in 
ix>int  of  rent^  are  reached. 

In  such  a  house  as  this  thei*e  may  be,  and  frequently  are,  one  or  two  families 
in  addition  to  that  of  the  lodging-house  keeper.  The  discomfort,  the  want  of 
privacy,  the  absence  of  adequate  sanitary  appliances,  and  the  consequent  loss  of 
decency  and  lowering  of  the  moral  tone,  involved  by  such  a  state  of  affairs,  are 
at  once  obvious  defects. 

Nor  is  it  by  any  means  a  rule  that  each  tenant  is  lodged  entirely  on  one 

floor.  The  first-floor  lodger  may  very  possibly  have  one  room  on  the  top  floor, 
and  the  ground-floor  lodger  the  back  room  on  the  second  floor,  and  thus  the 
whole  system  is  so  mixed  and  the  tenancies  so  dovetailed  into  one  another  that 
privacy  is  reduced  to  a  minimum. 

When,  further,  it  is  remembered  that  the  safety  of  all  the  inmates  is,  to  a 
certain  degree,  in  the  hands  of  each,  the  consequences  of  a  fire  breaking  out  at 
night  would  be  terribla 

What  then  is  the  remedy  for  all  this?  Surely  the  adoption,  in  the  case  of 
families,  of  a  system  of  dwellings  in  flats  of  a  class  intermediate  between  Victoria 
Street  and  Peabody  Square,  and  for  the  unmarried  men,  associated  homes  or 
chambers  on  an  improved  system.  Nor  should  it  be  forgotten  that  some  provision 
must  be  made  for  the  increasing  class  of  young  women  who  have  to  seek  their  own 
livelihood  either  in  shops,  oflices,  or  warehouses.  Something  has  been  done  in  this 

direction  by  the  Girls'  Friendly  Society,  who,  in  1879,  opened  a  house  in  the 
neighbourhood  of  Holbom  for  the  accommodation  of  young  women  engaged  in 
businesa  The  house  is  an  old  one,  and  not  specially  suited  to  the  purpose;  the 
best,  therefore,  had  to  be  made  of  existing  circumstancea  Three  rooms  on  the  first 
and  second  floors  were  divided  by  wood  and  glass  partitions  into  cubicles;  the  rooms 
on  the  top  floor  not  being  sufi&ciently  high  to  allow  of  such  an  arrangement  with 
due  regard  to  ventilation,  were  simply  fitted  up  as  bed-rooms  for  two  or  more 
in  common.  The  ground  floor  serves  as  common  parlour,  with  a  room  for  study 
or  writing  behind.  A  large  and  unusually  light  room  in  the  basement  (the  window 
having  been  specially  formed  for  drawing  purposes)  forms  a  cheerful  and  con- 

venient dining-room.  The  management  of  the  house  is  in  the  hands  of  a  lady 
superintendent,  and  the  idea  which  is  prominent  in  the  whole  system  is  that  of  a 
home.  That  there  is  a  very  large  and  real  demand  for  accommodation  of  this  kind 

is  proved  by  the  ever-increasing  applications  for  rooms,  and  the  genuine  appreciation 
by  the  inmates  of  the  comforts  afforded. 

Something  on  these  lines  seems  to  be  needed  to  meet  the  requirements  of  the 
very  large  number  of  single  men  of  varying  ages  who  are  employed  in  the  large 
mercantile  and  commercial  houses  in  the  City.  What  seems  to  be  required  is  a 
number  of  chambers,  some  of  which  may  be  arranged  in  pairs,  some  singly,  of  sizes 
and  rents  proportioned  to  varying  incomes,  with  a  large  common  room  available 
for  all  inmates.  On  the  ground  floor  of  the  house  there  might  be  a  restaurant,  but 
t^  should  be  entirely  independent  of  the  chambers  above.  It  should  not,  in  fact, 
be  a  matter  of  necessity  for  the  inmates  of  the  chambers  to  use  the  restaurant 
at  all  Perfect  freedom  on  this  point  being  granted,  it  would  probably  be  found 
that  in  practice  the  great  majority  of  the  inmates  would  make  use  of  the  restaurant 
if  it  were  efficiently  managed.     On  the  other  hand,  an  inefficient  restaurant  which 
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the  tenants  above  were  compelled  to  frequent  would  greatly  prejudice  the  use- 

falness  of  the  chambers ;  while  it  is  doubtful  whether  the  occupiers  of  the  chambei*3 
above  would  be  alone  able  to  give  the  restaurant  sufficient  support  to  maintain  it. 
Without  expressing  any  opinion  on  the  vexed  question  of  total  abstinence,  it  may 
be  suggested  that  the  upper  part  of  a  large  coffee  tavern  offers  exceptional 

advantages  for  the  arrangement  of  bachelors'  chambers.  The  class  of  the  tavern 
would  probably  have  to  be  somewhat  different  from  the  majority  of  those  at  present 

opened  in  London,  but  this  could  pi*obably  be  managed  by  increased  pnces  and 
improved  accommodation. 

The  question  of  how  best  to  provide  for  the  other  occupants  of  the  typical 

lodging-house — ^the  mairied  lodgers — leads  naturally  to  a  somewhat  more  com- 
prehensive subject  The  manner  in  which  the  middle  classes  in  London  and  most 

of  our  great  towns  are  housed  may,  without  exaggei'ation,  be  said  to  be  bad  in 
))riuciple  and  inconvenient  in  practice.  Excluding  suburban  houses  and  detached 
villas,  the  kind  of  house  to  be  found  in  such  a  street  as  Grower  Street  may  be 
taken  as  a  typical  example.  The  value  of  land,  a  necessary  element  in  all 

calculations  relating  to  house-building,  has  a  natural  and  obvious  tendency  to 
increa.se  with  increased  proximity  to  great  commercial  centres.  It  is  this  fact 

which  has  operated  to  cause  builders  to  ei'ect  upon  the  narrowest  strips  of  land 
houses  whose  vertical  height  compensates  for  their  confined  area  at  the  ground- 
line.  This  piling  up  of  storey  upon  storey  between  two  party  walls,  each  storey 
containing  but  two  rooms,  has  become  a  tradition  of  which  it  will  take  years  to 
demonstrate  the  folly. 

Supposing  now  the  ground  upon  which,  say,  six  of  these  houses  are  built 
is  vacant  and  available  for  building  purposes.  How  much  more  conveniently 
this  space  could  be  utilised  by  arranging  each  house  horizontally  instead  of 
vertically  I  And  not  only  so,  but  several  houses  of  various  sizes  could  be  arranged 
where  formerly  there  were  six,  each  one  a  copy  or  nearly  so  of  all  the  others. 
Even  in  the  matter  of  the  ground  at  the  back,  now  usually  the  undisputed 
domain  of  cats,  the  improvement  effected  by  the  demolition  of  the  five  party 
fence  walls  would,  by  throwing  all  the  gardens  into  one  of  fair  size,  make  it 
available  as  a  common  recreation-ground. 

The  wisdom  of  adopting  this  system  of  arranging  dwellings  in  flats  is  even 
more  obvious  in  the  case  of  shops.  In  a  paper  which  Mr.  William  H.  White, 
Fellow  and  now  Secretary  of  the  Royal  Institute  of  British  Architects,  read 
liefore  that  Society,  on  November  19th,  1877,  and  from  which  the  accompanying 
plans  are,  by  permission  of  the  Council  of  the  Institute,  reproduced,  an  island 
of  shops  in  Begent  Street  is  taken  as  an  example  of  the  existing  state  of  things, 
and  it  is  shown  how  the  same  space  of  ground  may  be  more  advantageously 
covered  by  adopting  the  system,  prevalent  in  Paris  and  the  chief  cities  of  the 
Continent  of  Europe,  of  dwellings  in  flats. 

Describing  the  island  (Fig.  103)  as  it  at  present  exists,  Mr.  White  says: — 

"  Bounded  on  the  principal  side  by  Regent  Street,  it  has  Warwick  Street  on  the 
east,  Beak  Street  on  the  north,  and  Regent  Place  on  tlie  south.  .  .  .  Originally 

there  were  twenty-eight  sliops  and  houses  upon  it :  thei-e  are  now  only  twenty ; 
and  this  apparent  radical  change  has  been  effected  without  much  visible  alteration 
in  the  exteriors.      The  two  houses  in  the  centre  fronting  Regent   Street    have 
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been  aiiiiil}{aiuut«d.  lu  ouurev  of  tinie  those  two  housm  have  afaaorbed  auotlicr 

Louse  at  tho  l>ack  of  them,  uul  poMeBfiing  a  frontage  in  Warwiok  Street;  then 

two  mote  houses  south  of  the  latter,  iu  the  same  street,  have  also  been  abeorbeiL 

Thus  five  housea  have  become  one  house.  At  tho  comer  ol  Beak  Street  anJ 

Regent  Street  three  houses  have  beoome  ona  Again,  No.  138,  R^^ent  Street, 

has  run  through  to  Na  32,  Warwick  Street,  and  the  two  houses  are  now  one. 

In  Regent  Place,  two  houses,  forming  together  about  thirty  foet  frontage,  have 

beoorae  one  house,  yet  the  character  of  the  construction  has  not  changed.  Tim 

main  diviuons  between  the  twenty-«ight  houses  BtUl  exist ;  only  holes,  large  and 

Pir.  loa.-"  n*  idutd."  (im^ki  EitMa). 

small,  have  been  made  in  the  party  walls.  This  desire,  or  rather  necesfuty,  for 
natural  extension — for  extension,  that  is  to  say,  of  space  at  the  sa»>e  level — 
is  experienoed  all  over  central  London,  and  one  process  of  filling  up  thA  internal 
hreatliiikg  area  of  an  island  of  buildings  very  much  resemhles  another.  In  this 

instance,  twenty-eight  houses  were  built  close  together,  so-  that  the  principal  front 
of  eacli  formed  the  continuous  elevation  of  four  streets.  The  twenty-ei^t  houses 
each  possessed  a  back  yard  or  garden,  and  though  it  was  only  possible  for  draughts 
of  fresh  air  to  ent«r  the  internal  area  at  intervals,  still,  after  a  fashion,  it  was 

breatfaing-space.  Bit  by  bit  this  breathing-space  has  been  filled  up  ;  half  a  dosen 
well-holes  remain  to  convey  light  and  air  to  the  lower  storeys;  and,  including 
the  basement,  each  of  the  twenty-eight  (now  twenty)  houses  is  five  storeys  high, 
the  top  storey  in  most  cases  being  contained  in  the  rool  I  propose  to  show  how 
this  island,  unhealthy  and  uncomfortable,  might,  under  the  Parisian  system  of 
plan,  be  healthy  and  comfortable ;  how  a  few  of  the  shops  might  have  the  means 
of  extension  at  the  same  level  larger  than  tlic  largest  shop  now  on   the  island  ; 

k 
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liow  all  the  8)io))8  might  Im)  diMtiuct  from  the  i^esidenoes  erected  over  them; 
liow,  instead  of  sham  i>arty  walls  pierced  and  mutilated,  there  need  be  only  two 
solid  vertical  divisions;  how,  from  the  necessary  connection  of  the  intenial 

courtyards  with  tlie  external  streets,  the  gradual  filling  up  of  those  courtyanls 
with  even  low  buildings  would  be  im])ossible ;  how,  in  fine,  forty  shops  and  houses 

of  different  sizes  might  lie  made  to  occupy  less  space  of  gi-ound  than  the  twenty 
shops  and  houses  of  different  sizes  which  now  crowd  the  island,  and  without 

increiising  the  average  height  of  the  front  walls." 
It  will  be  seen  by  the  plan  (Fig.  104)  that  the  island  is  divided  into  five  blocks 

of  shoi)s  and  houses,  separated  by  two  pai-ty  walls.  There  are  in  all  twenty-one 
shops ;  these  are,  however,  readily  capable  of  enlargement,  by  throwing  one  or  more 
sliops  together. 

Perhaps  the  most  conspicuous  features  in  the  plan  are  the  three  open  courtyards, 
two  of  which  run  through  from  front  to  back.  These  courtyards  are  approached  by 

gateways  under  tlie  upper  floors,  and  afford  access  to  the  several  enti'unces  of  the 
houses.  The  two  entrances  in  Warwick  Street  are  open  to  the  sky,  and  tlius  at 

once  an  advantage  is  gained  which  is  entirely  wantmg  to  tlie  island  as  it  exists. 

Again:  if  the  total  frontage  absorbed  under  the  present  system  by  the  private 

(entrances  bo  calculated  at  three  feet  i^er  house,  it  will  be  found  that  eighty  feet  is  a 
moderate  estimate.  Allowing  sixty  feet  for  the  five  carriage  entrances  in  Mr.  White  s 

])lan,  a  clear  gain  of  twenty  feet  is  the  result.  In  seventeen  out  of  the  twenty-one 
shops  a  mezzamne  floor  is  formed  between  the  shop  and  the  first  floor.  This  floor  is 

intended  to  serve  some  useful  puq)06e  in  connection  with  the  shop,  as,  for  instance, 

sitting-room,  work-room,  or  lavatory.  It  woidd  be  approached  by  a  small  staircase, 

specially  arranged  in  the  shop.  In  addition  to  this,  each  shop  would  have  the  base- 
ment immediately  beneath  it,  which  would  affoixi  ample  room  for  storage  and  other 
purposes.  * 

The  item  of  sanitary  conveniences  in  the  shape  of  water-closets,  etc.,  does  not 
seem  to  have  been  completely  thought  out.  Too  often  in  London  shops  they  are 
relegated  to  some  dark  and  un ventilated  corner  of  the  basement.  It  would  not, 

probably,  be  necessary  to  provide  sepai-ate  accommodation  for  e^h  of  the  twenty-one 
shops.  Possibly  seven  sets,  or  perha|)s  less,  would  be  sufficient.  It  would,  however, 

lie  absolutely  necessary  that  they  should  have  ample  light  and  ventilation,  by  direct 
communication  with  the  external  air. 

Taking  now  the  upper  floors,  it  will  he  found  that,  in  all,  nineteen  houses,  con- 

taining together  one  hundred  and  forty-nine  rooms,  are  arranged  on  the  three  floors 
over  the  shopa  These  houses  are  of  four  sizes,  and  have  respectively  fourteen,  ten, 
nine,  and  five  rooms  each. 

The  largest  house,  that  marked  A  on  plan  (Fig.  105),  occupies,  with  its  courtyard, 

in  superficial  area,  nearly  one-third  of  the  whole  site.  It  is  approached  by  a  staircase 
opening  on  to  the  gateway  entrance  on  the  ground-floor.  This  staircase  is,  of  course, 
common  to  all  the  three  floors,  the  respective  principal  doors  of  the  houses  opening 

on  to  tlie  landings.  The  enti'anoe  leads  to  a  spacious  hall,  in  which  access  is 
obtained  to  a  hydraulic  lift.  The  principal,  or  reception  corridor,  affords  access  to 

the  four  reception-rooms,  dinmg-room,  library,  and  two  ditiwing-rooms.  At  each 
extremity  of  the  reception  conidor,  communication  is  had  with  the  bed-rooms  on  the 

one  hand,  and  the  servants'  quai*ters  on  the  other.     The  family  bed-rooms  are  five 
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in  number,  excliuive  ot  a  drwising-room  and  the  day  nnrBery.  At  one  angle  of  tlie 
ronrtyard  is  a  faatb-room,  while  at  tlie  other  end  ot  the  corridor  a  water-clooet  is 
|>la*e<l  for  the  use  of  the  ladies  and  children.  The  service  corridor  leada  to  the 

tiidjen — a  good-sized  apartment,  in  close  communication  with  which  is  a  coal-stoi-c. 
Here  ui  omisBion  must  be  noted  which  is  certainly  at  variance  with  all  English 
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notions  of  kitchen  economy ;  tbui  i»  the  absence  of  a  scullery.  The  arrangemeDt 
and  internal  economy  of  the  onlinaiy  Parisian  kitchen  may  or  may  not  be  infinitely 
superior  to  that  of  an  English  one ;  it  is,  however,  essentially  French,  and  depends 

for  its  successful  management  on  conditions  entirely  different  from  those  of  an  English 

household.  The  English  plan  of  subdividing  the  kitchen  department  into  kitchen, 

scullery,  and  larder  is  one  which  cannot  be  discarded  or  revolutionised  by  a  msre 

stroke  of  a  pen.  Having  said  this  much,  it  is  fair  to  say  that  the  omission  of  the 
scullery  is  almost  the  sole  fault  in  an  otherwise  excellent  plan.  Opening  out  of  the 
kitchen  on  the  one  hand  and  the  bed-room  corridor  on  the  other  is  a  wide,  open  terrace. 
Tliis  terrace  is  open  to  the  street  on  one  side,  and  to  the  courtyard  on  the  other.  It 
would  be  supported  at  each  end  by  columns,  and  protected  by  a  balustrade,  and,  as  the 
author  suggests,  would  be  the  back  yard  or  garden  of  the  house,  with  the  advantage 
of  being  under  cover.  The  columns  might  be  decorated  with  creepers,  and  flowers 
and  shrubs  might  be  here  cultivated  with  advantage.  Here  also  might  be  performed 

such  work  as  knife-cleaning  and  brushing  clothes  and  boota  The  great  value,  how- 
ever, of  this  terrace  is  the  communication  it  affords  between  tlie  courtyard  and  the 

street,  tliereby  obviating  the  inevitable  tendency  to  stagnation  of  the  air  in  the 
former.  At  the  inner  end  of  the  terrace  is  a  lift,  for  raising  or  lowering  luggage  or 
stores  of  all  kinds.  The  larder  is  approached  from  the  terrace,  as  also  is  the 

servants'  water-closet 
Immediately  adjoining  the  kitchen  is  the  service  staircase,  answering  of  course 

to  the  tradesmen's  entrance  to  oixlinary  houses.  Two  bed-ix^ms  for  8ervant<« 
is  all  the  accommodation  given  within  the  limits  of  each  house,  but  it  is  suggest^nl 

that  additional  rooms  in  the  roof  could  be  readily  arranged  for  tliis  purpoa^. 
In  an  angle  of  the  service  corridor,  a  water-closet  is  arranged  for  the  male  m^embers 
of  the  ̂ imily.  Close  to,  and  communicating  with,  the  dining-room,  is  a  snuJi 
pantry  with  a  cupboard  for  winei  The  pantry  is  lighted  and  ventilated  onlj 

from  the  passage,  and  practically  is  little  more  than  a  serving-lobby.  The  vei 
small  amount  of  space  allowed  for  the  storage  of  wine  seems  somewhat 
variance  with  English  notions.  More  extended  accommodation  could,  ho  wen 
probably  be  provided,  if  required,  in  the  basement 

There  are  necessarily  some  features  in  this  plan  new  and  unfamiliar  to  t 
Englifili  mind.     One  of  these  is  the  gateway  entrance,  with  the  internal  coiirtj 
TliLs,  however,  as   Mr.    White  justly  points  out,   is  an   arrangement  peculia 
appropriate  to  the  English  climate.     The  gateway  would,  in  fact,  act  as  a  cove^ 

|>oi*ch,  and  people  arriving  in  carriages  would  be  set  down  under  shelter, 
is  this  the   only  advantage  of  the  arrangement.      With   an  internal   oourt\ 

accessible  from  the  street  to  carts  and  vans,  the  necessity  for  trap-doors  and  c 
shoots  in  the  public  pavement  is  at  once   abolished.      It  would,  of   eotu:se, 
necessary  to  pave  the  gateway  and   courtyard,  either  with  asphalte  or  wood, 
order  to  insure  a  minimum  of  noise. 

The  next  feature  is  one  of  internal  economy.     It  is  tlie  necessity  that  wo 
exist  of  employing,  first  a  porter,  and  secondly  a  servant  whose  duty  would 
to  attend  to  and  work  the  elevator.     The  porter  would  have  to  be  in  atten 
in  a  small  office  or  box,  specially  ari'anged  for  the  purpose,  and  would  havt) 
take  charge  of  letters  and  parcels  for  absent  tenants,  give  information  to  %'isi 
and  see  that  no  unauthorised   persons   gained   admission.      The   cleaning  of 
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courtyard  and  staircases  would  be  under  hi«  charge,  and  he  would  also  have  to 
be  rpisponsible  for  the  proper  disposal  of  the  dust  Here  a  question  aiises  of 
great  sanitary  importance.  How  is  the  dust  and  other  refuse  of  houses  on  such 
a  system  to  be  disposed  of?  Clearly  the  system  in  use  over  the  graater  part 
of  London  of  storing  the  house-refuse  in  bins,  where  it  lies  perhaps  for  weeks, 
accumulating  and  decomposing,  until  the  perfunctory  duty  of  the  dust-contractor 

is  taixlily  perfom'ied,  is  oat  of  the  question  here. 
There  is  no  space,  happily,  for  the  familiar  but  unwholesome  dust-bin.  It 

api^ears,  therefore,  to  be  necessary  that  the  dust  and  other  refuse  should  l>e 

removed  daily.  In  order  to  facilitate  this,  each  house  would  liave  to  be  provided 
with  a  light  iron  box,  possibly  on  wheels,  of  a  size  which  would  admit  of 

its  being  placed  on  the  lift  These  boxes  would  be  emptied  by  the  porter  every 
morning  into  a  receptacle  of  sufficient  size  to  hold  their  united  contents,  whicli 
would  then  be  wheeled  by  him  to  the  street,  to  be  emptied  into  the  cart  In 
many  parochial  eyes  this  is  a  proposal  of  a  revolutionary  nature.  It  is, 
nevertheless,  one  which  will  have  sooner  or  later  to  be  generally  adopted.  The 
hydraulic  elevator  would  require  the  constant  attendance  of  one  man,  and  tliis 
would  add  materially  to  the  rents  of  the  houses.  In  such  a  neighbourhood  as 
Regent  Street,  the  rents  obtainable  would,  of  course,  be  high  enough  to  cover 
an  expense  of  this  kind.  For  houses  of  a  more  economical  class  the  apparatus 
would  probably  have  to  be  dispensed  with. 

The  above  description  applies,  with  certain  necessary  modifications,  to  the 
other  houses  in  the  island.  Since  the  paper  in  which  these  plans  were  embodied 
was  written,  an  enormous  pile  of  dwellings  arranged  on  a  somewhat  similar  plan 

has  arisen  on  the  southern  side  of  St.  James's  Park,  of  which  it  may  be  said, 
without  much  fear  of  contradiction,  that  it  is  the  ugliest  building  in  London.  It 

does  not  need,  however,  the  erection  of  storey  upon  storey,*  piled  one  upon  the 
other,  until  the  whole  looks  as  if  some  infantile  giant  had  been  playing  at 

building,  with  some  half-dozen  or  so  Grower  Street  houses  for  bricks,  to  illustrate 
the  possibility  of  adapting  this  system  to  English  requirements.  The  aim  should 
rather  be  to  apply  the  principle  in  as  moderate  and  economical  a  fashion  as  possible, 
and  to  keep  the  vertical  height  within  as  small  a  compass  as  is  compatible  with 
sound  financial  considerations. 

One  more  point  as  to  building  in  flats,  which  applies  to  all  kinds  of  com- 
bined dwellings.  The  construction  must  throughout,  and  in  every  particular,  be 

fireproof;  and  jiarticular  attention  must  also  be  given  to  the  arrangement  of  tlie 
staircaseSy  so  as  to  afford  ready  and  secure  egress  in  case  of  fire,  or  alarm  of  fire. 
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CHAPTER  XVni 

FIREPROOP  CONSTRUCTION   AND   CONCRBTK   BUILDIKa 

luoombuntible  MateriaUi  not  Fireproof — Dangers  of  Iron  and  Stone- -Various  Systems  of  Fireproof 

FloorB-<Intro(luetion  of  Concrete—  Concrete  for  Walls — LasceUes*  System  of  Concrete  Construction 
— Advantages  of  Concrete. 

A  VEKT  important  subject  for  coiisideitition  to  i^eople  dwelling  in  large  towns  is 
the  [)roblem  of  how  to  construct  buildings  in  suck  a  manner  that,  in  the  event  of  a 

fire  breaking  out,  the  fabi-ic  of  the  building  shall  be  able  to  stand  uninjured  a  suf- 
ficient time  to  enable  the  fiames  to  be  subdued,  and  also  tliat  it  shall  not  be  possible 

for  a  fire  in  one  house  to  be  communicated  to  the  houses  contiguous  thereta 
As  described  elsewhere,  the  subject  is  one  which  considerably  exercised  the 

minds  of  men  in  the  middle  ages,  even  as  early  as  the  twelfth  century  in  England, 
and  measures  of  more  or  less  efficiency  were  constantly  being  taken  by  the 
citizens  of  London  in  order  to  check,  if  possible,  the  disastrous  consequences  of 

the  ever-recurring  fires.  The  great  fire  of  London  in  1666,  while  it  eflfectually 
disinfected  the  city  after  the  Plague,  had  a  further  good  efiect  in  that  it  opened 
men  s  minds  to  the  necessity  for  prohibiting  the  erection  of  wooden  buildings. 
Coming  down  to  later  times,  we  have,  at  the  early  part  of  this  century,  certain 

regulations  i^egarding  party  walls,  the  contact  between  timber  and  flues,  and  tiie 
use  of  timber  in  external  walls,  embodied  in  the  first  Metropolitan  Building 
Act,  whicli,  with  additions  and  improvements  in  later  legislation,  constitute  all 
that  has  been  done  up  to  the  present  time  to  ensure  anything  like  immunity 
from  fire.  That  these  regulations  fall  very  feir  short  of  providing  anything 

deserving  the  name  of  fireproof  construction  is  amply  proved  by  the  "Occurrence 
now  and  again  of  fii-cs  which,  like  those  of  Tooley  Street,  in  1861,  and  the  City 
Flour  Mills,  in  1872,  result  in  the  total  destruction  of  large  and  modem  buildings. 

Again,  the  enormous  destruction  by  fire  of  buildings  supposed  to  be  con- 
structeil  of  fireproof  materials  in  Paris  during  the  reign  of  the  Commune  in  the 

year  1871,  and  in  Chicago  about  the  same  time,  proved  the  now  well-establishetl 
fact,  that  incombustible  materials  are  not  by  any  means  necessarily  fireproof,  and 
not  only  so,  but  under  certain  conditions  are  very  much  more  favourable  to  the 
spread  of  fire  than  materials  ordinarily  regarded  as  the  reverse  of  fireprool 

The  old  theory  that  iron  and  stone,  or  iron  and  brick,  were  combinations  which 
answered  every  purpose  that  could  possibly  be  required  of  fireproof  materials  is, 

on  examination,  found  to  be  perfectly  unsound.  Both  ai*e  what,  in  the  ordinary 
meaning  of  the  word,  are  known  as  incombustible  materials ;  both,  however, 
are,  with  certain  limitations,  utterly  untrustworthy  as  firepix>of  materials.  Captain 

Shaw,  the  chief  of  the  London  Fire  Brigade,  remarks,  "  When  it  is  remembered 

that  at  a  temperature  of  212°  Fahrenheit,  or  the  boiling-point  of  water,  cast  iron 
loses  about  fifteen  per  cent  of  its  strength ;  that  at  the  temperature  of  molten  lead, 

612^  Fahrenheit,  it  has  probably  no  strength  at  all;  and  that  at  a  temperature 
of  2787®  Fahrenheit,  which  is  probably  much  below  that  of  the  centre  of  a  large 
building  on  fire,  it  becomes  liquid,  it  seems  advisable  to  supplement  this  material 
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with  some  other  more  trustworthy  ia  case  of  heat."*  This  opinion  is  amply 
Vorne  out  by  the  experience  of  Mr.  R  W.  Edis,  F.S.A.,  who  was  in  Paris  while 
the  fires  kindled  by  the  Communists  were  still  burning,  and  in  Chicago  during 
the  outbreak  of  the  second  fire  in  that  city.  Unprotected  iron,  whether  in 

floors,  columns,  or  roofs,  failed  everywhere :  "  it  was  extraordinary  to  notice  the 
eccentric  forms  into  which  the  wrought-iron  roofs — notice  especially  the  roof 
over  the  Salle  des  Pas  Perdus  in  the  Palais  de  Justice — had  been  twisted;  wrought 
iron  girders  of  immense  size  were  turned  about  by  the  flames  like  ribbon,  and 
must  in  many  cases  have  been  heated  to  almost  fusing-point ;  generally  the  walls 
were  very  considerably  damaged  by  the  expansion  and  twisting  of  the  ironwork 

in  and  on  them."t  The  floors  of  houses  in  the  newer  streets  were  generally  of 
light  iron  joists  about  two  feet  apart,  the  intei*spaces  filled  with  plaster  of  Paris 
or  with  brick  or  tile  archea  These  floors  proved  to  be  fii*eproof,  but  in  many 
cases  auccmnbed  through  the  failure  of  the  iron  supports 

To  quote  once  more  from  Captain  Shaw :  *'  A  flre  occurred  in  a  house  at  the 
comer  of  two  streets  supported  altogether  by  iron  columns,  and  at  an  early  stage 

of  the  fire  the  supports  softened,  and  the  house,  without  a  moment's  warning, 
fell  completely  down,  not  leaving  a  vestige  of  any  kind  except  a  small  portion  of  a 

chimney-breast,  to  show  where  it  had  originally  stood ''|  The  importance  of  an 
instance  of  this  kind  to  the  class  of  houses  with  large  shop-fronts  on  the  ground 
floor  can  hardly  be  over-estimated. 

The  conclusion  to  which  these  facts,  and  the  numerous  careful  experiments 
made  of  late  years,  lead  us,  is  that  if  iron  must  be  used  in  the  construction  of  a 
building  it  should  be  encased  and  protected  by  some  material  of  known  fire-resist- 
ing  quaHties.  Of  these,  fire-clay  and  concrete  are  the  most  eflicient,  and  lend 
themselves  most  readily  to  the  exigencies  of  building  construction. 

Stone  as  a  material  for  floors,  vaults,  and  staircases  is  an  utterly  unreliable 

material  when  subjected  to  even  moderate  heat.  In  a  great  number  of  buildings 

in  Paris  a  coarse  limestone,  known  as  "  Calcaire-grossier,"  from  the  great  Paris 
Win  strata,  is  used.  Of  the  action  of  the  flames  during  the  Commune,  Mr. 

£di>s  (in  the  paper  quoted  above)  says,  '^Externally  the  beautiful  limestone,  so 
tharming  in  its  capability  for  delicate  moulding  and  carving,  was  everywhei'e 
taldned  and  destroyed  wherever  the  flames  touched  it,  the  delicate  mouldings  and 

curving  were  licked  ofl",  as  it  were,  and  the  great  heat  so  shattered  the  freestone 
walls  as  to  utterly  ruin  them  architecturally,  and  so  calcined  them  as  to  render 
them  constructionally  unsafe,  while  the  action  of  damp  upon  the  burnt  limestone 
Glided  its  disintegration  and  general  crumbling  away,  so  as  to  render  it  incapable 

•'t*  bearing  any  weight,  and  in  many  cases  causing  the  walls  to  bulge  out  and 
^alL"  Stone  staircases  where  supported  between  two  walls  appear  to  stand  heat 
^rly  well,  but  when  one  end  only  is  supported  by  being  tailed  into  a  wall,  the 
f fleet  of  heat  is  to  so  crack  and  splinter  the  stone  that  the  whole  staircase  falls. 
The  game  may  be  said  of  stone  balconies  and  floors.  Several  instances  are  adduced 

^'y  Gaptain  Shaw  showing  the  total  failure  of  stone  staircases ;  in  one  case,  that 
of  a  fire  in  a  private  house  in  which  two  lives  were  lost,  a  stone  staircase  which 

•  Rre  Sturveys— 1872. 
t  ''  Notes  on  the  Late  Fires  in  Paris,  1871 : ''  paper  read  before  the  Architectural  Conference,  1872. 
♦  HreSmreyi. 
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i-pflched  from  tlie  liwieiDent  to  the  landing  on  the  third  floor  waa  totally  destrojeil; 
ft  wooden  stairciiM  which  reached  from  the  third  floor  to  the  roof,  two  Ktitreys 

ftljove,  though  burnt,  wan  yet  Miflficiently  firm  for  the  firemen  to  walk  on  it  after 
the  fire  had  been  extinguished. 

There  aiv,  of  course,  exceptions  to  the  general  nntruat worthiness  of  atone 

for  nse  in  outside  walls.  In  the  course  of  the  discussion  on.  Mr.  EMis'  payvr 
qnoted  above,  it  was  remarked  that  at  Chicago  the  only  stone  which  refdsted  thi' 
action  of  fire  was  an  artificial  material.  Ransome's  artificial  stone  is  also  said 
to  have  the  power  of  resisting  fire,  and  specimens  of  Reig&te  stone  are  preserved 
at  the  Guildliall  which  had  resisted  the  great  fire  of  London.  The  experiment 
made  by  Mr.  Whichcord  on  the  sandstone  selected  for  the  front  of  the  National  Safe 

Deposit  Company's  premises  in  Mansion  House  Street  will  be  referred  to  later  on. 
From  what  has  been  said  above  it  will  i-eadily  be  gathered  that  it  is  possible 

to  have  a  building  formed  of  materials  in  themaelvee  incombustible,  but  which 
will  fail  lamentably  when  the  test  of  fire  is  applied. 

Indeed,   it  may  safely  be  affirmed  that  good  sound  wooden  floors  and  steir-   '■ 
cases,    with    the    interstices   filled    with    pugging,    either   of    plaster   or    of    stag  ' 
felt,  and  the  under  sides  well  protected  by  good  plastered  ceilings,  are,  especially 

if  the  wood    nsed   be  one  of  the   harder   varieties,  far   more    fire-reaisting   than 
many  systems  of  so-called  fireproof  construction. 

It  is,  however,  necessary  in  many  instances,  to  cover  a  greater  span   without 
intermediate  supports  than  would  be  possible  with  a  purely  wooden  construction. 

In  order  to  meet  tliis 
difficulty  several  methods 
have  been  devised,  all 
founded  upon  the  funda^ 
mental  principle  ihat  iron 
when  used  in  fireproof  con- 
Bti-uction  must  be  entirely 
incased  or  embedded  m  a 
material  of  tried  powers  of 
resistance  to  fire.  Some  of 
these  methods  will  now  be 
described, 

Fox  and  Barrett's  sys- 
tem consists  of  -wrougirt- 

iron  gii-dets  placed  twenty 

Fig.i<w.~Po,widBir™ifi8rrt«m.  ''»'^'>e»  »part.  On  the  lower flanges  of  which,  niicl  at 

right  angles  thereto,  are  placed  rough  strips  or  fillets  of  wood  about  one  inch' 
square  and  half  an  inch  apart  Concrete  is  tUeu  tilled  in  between  tlio  girders  mul 
is  supported  by  the  fillets.  The  conci-ete  ia  braught  to  a  height  of  three  inches  above^ 
the  girders,  and  can  then  be  finished  with  cement,  or  wooden  joists  and  floor-boanLii 
laid  thereoiL  If  a  wooti  floor  is  used,  the  joists  are  cut  to  a  dovetail  section  tii 
keep  them  firmly  iu  their  places,  and  embedded  half  Uieir  depth  in  the  concrete.. 
The  under  side  of  the  wood  filleta  forms  a  key  to  the  planter  of  tlie  ceilind 

(Fig.  100).  
=* 
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The  system  patented  by  Messrs.  Measures  and  Co.  is  a  modification  of  tlie 
foregoing  system.  The  iron  girders  are  placed  three  to  four  feet  apart,  and  in 

place  of  the  wooden  fillets  small  iron  fillets  of  this  section  JL,  nine  inches  apai*t,  are 
placed  on  the  lower  flanges  of  the  girdera  to  support  the  concrete.  The  advantages 

of  this  system  oyer  Fox  and  Barrett's  appear  to  be  the  absence  of  wood,  and  the 
uore  complete  protection  of  the  iron. 

Dennett's  system  consists  of  concrete  arches,  supported  on  iron  girders,  arranged 
in  spans  of  from  ten  to  twelve  feet.  The  concrete  used  has  sulphate  of  lime 
(.^jpsum)  for  its  matrix.  The  advantage  of  this  material  is  that  it  does  not  lose  its 
cohesive  power  even  when  it  is  raised  to  a  white  heat  and  then  drenched  with 
cold  water.  The  floor  can  either  be  finished  with  cement^  asphalte,  or  wood 

bricks,  or  joists  and  floor-boards  can  be  laid  down.  The  arched  ceiling  can  either 
be  exposed  to  view  and  finished  with  a  plastered  surface,  or  joists  can  be  fixed 
to  the  lower  flanges  of  the  girders,  and  the  ceiling  lathed  and  plastered. 

Hyatt's  system  consists  of  Portland  cement  concrete,  enclosing  and  strengthened 
by  a  network  of  iron  bars  and  rods.  The  rods  run  transversely  to  the  flat  bars 
two  and  a  half  inches  deep,  which  are  fixed  on  the  walls  about  two  to  thi^ee  inches 
apart  The  rods  are  a  quarter  of  an  inch  in  diameter.  A  temporary  scaffold  is 
fixed  underneath  the  framework  thus  formed,  and  the  concrete  is  thrown  on  to  a 
depth  of  about  four  to  five  inchea  When  the  concrete  has  set  the  scaffold  is 
removed,  and  the  whole  is  found  to  be  a  solid  mass. 

Thuasne's  system  is  one  which  had  been  in  use  in  Paris  for  some  years  before 
the  application  of  wrought  iron  to  the  purpose  had  been  introduced  into  this 
cotmtry.  It  consists  of  wrought  iron  I-shaped  girders  arched  to  a  rise  of  about  ̂ i^, 
and  fixed  at  a  distance  of  about  three  feet  three  inches  from  centre  to  centre.  At 

right  angles  to  these  girders,  and  a  similar  distance  apart,  are  fixed  flat  iron  bars, 

or  inter-ties,  the  ends  of  which  pass  through  slits  in  the  wrought  iron  bands 
which  embrace  the  girders.  The  ends  of  the  inter-ties  are  secured  by  pins  on 
the  inner  side  of  the  iron  band.  At  right  angles  to  the  inter-ties,  and  about 
9  inches  apart^  are  laid  light  iron  rods,  about  half  an  inch  square,  secured  to  the 
inter-ties  with  wir&  Under  the  framework  thus  formed,  a  rough  centring  is 
fixed,  and  coarse  plaster  of  Paris  poured  in  to  a  depth  of  3  inches.  The  plaster, 
when  set  hard,  serves  to  stiffen  the  floor  and  also  to  foim  the  ceiling.  To  a 
certain  extent^  also,  it  protects  the  ironwork,  but  it  cannot  be  said  to  be  a 
perfectly  satisfactory  fireproof  floor. 

The  syslhne  Vaux  is  a  modification  of  the  above,  as  also  are  several  other 
systems  in  use  in  France. 

The  system  known  as  ̂ ^  Fer  ttUnUaire"  (Fig.  107)  takes  its  name  from  a  girder 
of  peculiar  construction  invented  by  M.  Zorea  This  girder  is  best  described  as  being 

in  section  like  the  letter  A  minus  the  triangular  top.  The  gii*ders  are  placed  at  a 
distance  of  2  feet  8  inches  from  centre  to  centre,  and  are  tied  together  at  intervals  of 

3  feet  by  flat  bar-iron  ties  |  inch  by  ̂ ^  inch  bolted  to  the  bottom  of  the  flanges. 
Several  methods  are  available  for  finishing  this  kind  of  floor.  In  the  illustra- 
tion flat  arches  of  perforated  bricks  are  turned  across  from  girder  to  girder,  the 

Bpandrik  filled  in  with  plaster,  and  wooden  joists  and  boards  laid  over  the  whole. 
Another  method  is  to  fill  in  between  the  girders  with  hollow  blocks  of  plaster 

4  inches  deep.     Iron  joists  may  also  be  substituted  for  the  wooden  joists,  and  the 
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ceiling  can  be  formed  with  amall  iron  laths,  leaving  the  space  between  the  floor  unJ 
ceiling  hollow. 

The  Hyaiem  patented  by  the  late  Mr.  Klatthew  Allt-n  is  probably,  on  the  whole, 
one  of  tiie  most  effective  as  well  as  one  of  the  moat  economical  systems  yet 

invented.     The  result  of  many  experiments  in  the  manufacture  of  concrete  proveil 

beyond  a  doubt  that  con- 
crete into  the  compositioii 

if  which  siliceous  materials 

largely  enter  is  more  readily 

injured  by  fire  than  oon- creto  made  with  a  material 

which  has  already  been 
burned.  In  accordance 

■with  this  fact,  Mr.  Allen 
found  that  by  mixing  burnt 

clay,  or  the  slag  or  refuse 

from  gas-works,  with  Port- 
land cement,  he  obtained  a  concrete,  the  fire-resisting  properties  of  which  were  very 

great  indeed.  He  also  found  that  his  material  possessed  the  further  very  important 

property  of  great  tensile  strength.  The  fire-resisting  capability  of  concrete  thnii 
made  proved  indeed  to  be  so  great  that  it  has  been  used  with  entire  success  as 
a  lining  for  furnaces. 

The  principle  upon  which  Mr.  Allen  worked  in  devising  his  fire-proof  floor  wan 
not  that  the  concrete  should  be  supported  by  and  subsidiary  to  wrought  iron  girders, 

but  that  the  iron-work  and  the  concrete  should  mutually  support  each  other,  anil 
form  one  homogeneous  whole.  To  carry  out  this  principle,  he  adopted  a  system  of 
a  light  iron  framework,  or  skeleton,  which  he  clothed  with  concrete  as  the  bony 
skeleton  of  an  animal  is  clothed  with  flesh. 

The  framework  consists  of  bars  3  inches  deep,  1  inch,  thick,  placed  on  edge  from 
wall  to  wall  2  feet  apart ;  at  right  angles  to,  and  across  these  bars  are  placed  ̂ inch 
iron  rods,  also  2  feet  apart  Thus  a  network  is  obtained  with  meshes  2  feet  square. 
Underneath  tliis  network  a  temporary  scaflbld  is  erected  and  the  concrete  thrown 
in  to  a  depth  of  7  inches.  When  the  concrete  is  sufficiently  set  tlie  sca&bid  ta 
removed,  and  the  floor  is  ready  to  receive  whatever  finish  it  is  desired  to  put 

upon  it 
Mr.  Allen  carried  his  concrete  construction  to  such  a  degree  of  perfection  that 

he  not  only  made  floors,  but  also  doors,  windows,  lintels,  and  staircases  of  the  same 

The  system  devised  by  Mr.  Whichcord  (late  Prea  R.LB.A.)  in  the  construction 

of  the  National  Safe  l>eposit  Company's  offices  in  Mansion  House  Street,  London,  is 
one  which,  though  applicable  chiefly  to  floors  of  very  large  span,  should  oertunly 
be  noticed  in  any  description  of  fireproof  construction.  In  the  building  in  question 
a  lai^  area  had  to  be  floored  over  without  any  intermediate  wall,  and  with  only 
two  or  three  columns.  It  became,  therefore,  a  matter  of  necessity  to  use  deep 

wrought-iron  girders,  and  lienoe  any  system  of  embedding  iron  ties  in  concrete  waa 
out  of  the  question.  The  problem  to  be  solved  was  how  to  clothe  these  iron  girders 
in  such  a  manner  that  they  should  be  absolutely  safe  from  the  effects  of  fire.     The 
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Cement 
Concrete 

solution  wajB  found  in  encasing  the  girders  with  fire-clay.     The  girders  thus  encased 
were  subjected  to  very  severe  tests,  the  result  of  which  proved  perfectly  satisfactory 
and  the  system  was  applied  to  the  iron  columns  as  well  as  the  girders.     In  the 
conistraction  of  this  building  another  difficulty  presented  itself.     Under  the  terms 
of  the  purchase  of  the  land,  the  mateiial  for  the  exterior  facing  was  to  be  either 
marble,  granite,  or  stone,  brick  being  prohibited,  except  for  inner  walls  and  backingi;. 
It  became  therefore  necessary  to  select  a  stone  which  should  be  capable  of  resisting 

not  only  extreme  heat,  but  extreme  heat  alternating  with  excessive  moist ui^e.     The 
stone  ultimately  selected  was  a  sandstone  from  quarries  near  Wrexham,  known  as 

'*  Minera"  stone.    A  cube  of  this  stone,  6  inches  square,  was  placed  in  the  centre  of 
a  furnace,  and  left  there  for  an  hour  and  a  half.    It  was  taken  out  quite  perfect  and 
plunged  into  cold  water  without  being  in  the  least  degree  cracked  or  otherwise  injured. 

The  system  invented  by  the  late  Mr.  Hornblower,  of  Liverpool,  has  not  been 

long  introduced.     The  principle  of  this  system  is  the  combination  of  iron,  tire-clay, 
and  concrete.     Rolled  iron  joists  6  indies  deep 
are  placed  at  intervals  of   2  feet,  each  joist 

l>eiug  conbiined  in  a   fire-clay  or  tentt  cotta 
til  be,  and  the  interstices  tilled  with  concrete ;  in 
the  intermediate  spaces  between  the  joists  are 

placed  hollow  tubes  of  fire-clay,  and  the  whole 
floor  is  then  filled  in  with  concrete,  till  the  total 

depth  reaches  12  inches.    The  advantages  which 

this  system  presents  are : — ^first,   the   absolute 
pix>tection  afforded  to  the  iron  by  the  tubes  and 
the  concrete;  and  secondly,  the  combination  of 
three  elements  of  strength,  iron,  tcrni  cotta  or 
fireclay  tubes,  and  concrete.     The  construction 
of  a  floor  by  this  system  is  very  clearly  shown 
by  Fig.  108.     The  upper  and  under  surfaces  of 

the  fire-clay  tubes  are  grooved  to  afford  a  key  to 
the  ceiling  and  floor. 

The  bearing-power  of  such  a  floor  as  that  described  is  said  to  be  two  tons  per 

square  yard  with  a  span  of  18  feet  from  wall  to  wall.  This  is  of  course  much 

greater  than  would  be  needed  in  any  dwelling-houses,  where  1 J  cwt  per  square  foot 
is  the  weight  usually  allowed  for;  but  in  ball-room.s,  or  rooms  where  a  large  number 

of  persons  would  be  likely  to  assemble,  it  would  not  be  excessive.  For  lesser 

spans,  and  for  ordinary  dweUing-house  floors,  joists  of  less  depth  and  a  modified 
form  of  tube  are  used.  The  floor  can  be  finished  in  any  way  desired ;  parquetry, 

mosaic,  or  tiles,  can  all  be  laid  on  the  upper  surface  of  the  concrete,  or  the  floor  may 

lie  finished  with  a  smooth  surface  of  Portland  cement.  The  ceiling  also  admits  of 

any  amount  of  plaster  decoration,  and  without  the  chances  of  damage  incidental  to 

a  ceiling  fixetl  to  a  wood  floor  with  wood  laths. 

Although  primarily  intended  for  flooi*s,  the  system  is  obviously  capable  of  being 
applied  to  walls  and  other  purposes. 

A  system  has  been  devised  by  ]SIr.  Butler  for  rendering  an  ordinary  wooden 

floor  fireproof  by  incasing  wooden  joists  in  terra-<;otta  or  fire^jlay  slabs,  and  concrete 

or  plaster. 

Fig.  108.— Honiblower*B  Sjetem. 

17 
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KvuiiH  aiul  iSuiiiu H  hy»teiu  cousLsti  of  ordinary  wooilen  joibts  of  uuy  uniform 

il«-pUi  uiiil  uuy  thiekuehH,  two  or  three  inches  lieiug  preferred,  phiccil  side  by  side 
close  together,  and  brought  laterally  into  contact  by  bolts  or  spikes.  As  a  protec- 

tion to  the  underside,  flat-headed  nails  :ii*e  driven  in,  and  the  surface  rendered  with 
a  tliick  coat  of  phistor.  Thus  a  iire])roof  floor  is  formed  almost  wholly  of  a  combus- 

tible uiateriHl.  8oIid  sUurs  are  formed  on  this  system,  and  arc  certainly  far  more 
swurc  iji  case  of  tire  than  stone  ones  would  ba 

CONCHKTK   CONSTRUCTION. 

The  use  df  concrete  in  some  form  or  other  for  building  ])urix)ses  is  of  very  ancient 

date.  The  ancient  Egyptians  made  the  foundations  of  their  temples  witli  a 

concrete  of  stouo  and  marble  cemented  together.  So  also  in  Gi'eece,  the  foviuda- 
tioQii  of  the  Acropolis,  and  tlie  centiul  inclined  plane  of  the  Propylsea^  were 

constructed  of  a  sjiecies  of  rubble-work,  which  may  be  teimed  concrete.  Perhaps  a 

more  intoi*esting  instance  of  the  iise  of  the  material  is  that  of  the  ancient  buildings 
of  Mexico,  the  foundations  of  which  were  ooustiiicted  either  of  pebbles  and  broken 

Btones,  or  of  broken  stones  and  clay  firmly  compacted.*  Yitruvius,  in  his  £amous 
work  on  Ardiitecture,  wntten  in  the  first  century  of  the  Christian  era,  mentions  a 
method  in  use  amongst  the  Romans  of  building  rubble  or  concrete  walls,  faced  on 

both  sides  with  masonry.  This  he  calls  "  Emplectoiu"  In  PaUadio's  first  book  of 
Architecturo,  published  at  Venice  a.d.  1520,  will  be  found  directions  for  foiming  walls 

in  this  fashion,  and  also  for  building  walls  of  concrete,  which  he  calls  '*  Reimputa,'^ 
or  coffer- work,  and  which  he  says  *^  were  made  by  the  ancients  by  taking  planks 
laid  edge  way,  according  to  tlie  thickness  of  the  walls,  filling  the  void  with  cement 

and  all  soi*ts  of  stones  mingled  together,  and  continued  after  this  manner  from  coui'be 

to  coui*se.'*  The  process  is  in  fact  identical  widi  that  commonly  in  use  at  tlie  present 
time  in  forming  concrete  walls. 

Until  within  compai^tively  recent  times,  however,  the  use  of  concrete  was 

jm\ctically,  in  this  country,  i^estricted  to  foundations ;  and,  indeed,  for  that  pur}x>sc 
it  only  suixM'sodoil  timber  almast  within  living  memory.  Notwithstanding  the  fiact 
that  in  17  GO,  Smeaton,  the  engineer  of  the  Eddystone  lighthouse,  recognising  the 
value  of  the  matorhd  from  the  wuy  in  which  he  found  that  at  Corfe  Castle  it  had 
stood  the  test  of  conturie.s  employed  concrete  in  locks  and  other  works,  the  use  of 

it  did  not  become  by  any  means  general  until  the  beginning  of  the  present  century. 

The  intoi'stici'S  between  tlie  piles  of  Waterloo  Bridge  wero  tilled  with  a  concrete  of 
Kentisli  n^stone  and  liquid  mortar.  This  was  in  1811.  A  little  later  tlie  towers 

of  MilllMUik  Penitontiaiy  failed,  o^-ing  to  the  uncertain  nature  of  the  soil  on  which 
they  wore  built ;  they  wore  underpinneil  with  concrete.  From  that  time  to  the 
pivsont  concrete  has  been  the  iuMuiable  material  for  foundatiomv 

Hofoiv  pixxHHHlins?  to  do^icribo  tlie  pmctical  applications  of  concrete  to  construc- 
tional purjMKvt^s  it  >\ill  bo  well  to  give  some  slight  descri|»tton  of  the  nature  and 

ci>mpusitiou  of  the  mutiTial. 
Concrete  then,  a^  its  name  inipHoN  is  the  intimate  admixture  of  difTcreut 

Mikstunws  ouo  bt^iug  the  aij:^ii'i>'ir*Ui\  or  material  to  be  cemented,  the  other  the 
matrix,  or  ivnuMitinsr  minUum.  The  5\ij5;re«^\to  moe^t  commonly  usetl  is  gravel,  from 

which  the  liner  |wrt.N  or  s^jud  h,i\c  U^^u  >e|vinutHl     This  forms  at  Wst  a  very  jwor 

k 
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ingredient,  as  the  luiture  aiid  form  of  the  stones  atlbrd  but  slight  liold  to  the  coiiK'nt 

or  lime.  The  best  aggregates  ai*e  stone,  burnt  ballast,  broken  pottery,  breeze  or 
coke,  and  slag.  They  all  require  crushing  or  grinding,  it  being  a  point  of  the  utmost 
iiiiportince  that  the  pieces  of  stone  or  other  material  should  be  angular,  and  not 

round ;  the  fii-st-mcntioned  varying  gi'eatly  in  value,  some  stones  being  of  too  friable 
a  nature  to  make  good  concrete.  The  matrix  is  either  lime  or  cement.  For  ordi- 

naiy  foundations  lime  answera  every  purpose  sufficiently,  but  for  work  I'cquiring 
;rrcat  strength  or  delicacy  of  finish,  Poi-tland  cement  is  the  best  material  to  be  had, 
and,  in  fact^  is  indibi)en sable.  Much  depends  upon  the  quality  of  the  cement,  and 
it  would  appear  that  old  cement,  while  taking  longer  to  set,  in  the  end  sets  harder 
than  fresh  cement. 

The  invariable  custom,  until  witliin  recent  times,  in  forming  concrete  foundations 

was  to  erect  a  staging  some  considerable  height  above  the  ti'encli,  and  from  this 
elevation  to  pour  in  the  concrete.  The  idea  was  tliat  the  impetus  thus  given  would 
tend  to  consolidate  the  ingredients  and  insure  their  homogeneousness.  Recent 
experience,  however,  tends  to  upset  this  theory,  and  the  custom  is  now  merely  to 
wheel  the  material  to  the  trench,  and  gently  tip  it  into  the  required  position,  where 

it  is  carefully  rammed  down.  In  all  cases  care  should  be  taken  to  lay  each  coui*se  of 
concrete  horizontally,  and  of  a  uniform  thickness  of  not  more  than  12  inches  throughout. 

Considerable  attention  has  of  late  years  been  paid  to  the  formation  of  walls  in 
concrete.  Several  systems  have  been  devised  for  the  purpose,  most  of  which  consist 
of  tilling  in  with  concrete  the  space  between  some  kind  of  framework  formed  for  the 
purpose.  The  primary  object  of  most  of  these  systems,  that  of  reducing  the  cost  of 

Iionse-building,  has  as  yet  scarcely  be^en  attained  to  the  extent  tliat  was  anticipated  ; 
^vhile  the  difficulty  and  great  cost  of  altering  a  house  built  of  solid  concrete,  would 
obnously  be  considerable.  Another  drawback  is  the  necessity  of  finishing,  except 
where  the  expense  of  sgraffito  or  other  forms  of  decoration  can  be  incurred,  with  a 
ludform  surface  of  cement ;  a  dull  cold  grey  colour  being  eminently  unsuitable  in  this 

gi*ey  climate  to  the  exteiiors  of  houses.    
A  more  impoi'tant  property  of  concrete  as  a  material  for  external  walls  of 

dwelling  houses,  is  its  poix>sity,  and  at  the  same  time  its  power  of  resisting  satui'ation 
by  water.  In  the  investigations  made  by  Professor  Pettenkofer,  of  Munich,  it  was 
found  that  wbile  bricks  made  from  clay  were  completely  soaked  with  water  in  from 
0  to  12  hours,  it  took  from  55  to  190  hours  to  saturate  a  slag  brick.  These  slag 
bricks  are  simply  a  fonn  of  concrete  in  which  the  aggregate  is  the  slag  from  iron 
furnaces. 

The  element  of  permeability  to  air  Is  a  matter  well  w*orth  attention  in  this 
country,  where  well-built  houses  arc  frequently  niiule  as  air-tight  as  possibli'* 

Tlie  following  extract  from  IVIr.  H.  Reid's  treatise  on  concrete  is  interesting,  us 
having  a  direct  bearing  on  the  subject  of  health,  and  also  as  taking  a  somewhat 
different  line  from  that  usually  taken  by  authorities  in  tliis  countiy.  : — 

"An  hospital  at  George-Marien-Hutto  was  built  during  1870 — 71  of  these 
Blag  bricks.  It  wtis  opened  in  1872,  and  in  June,  1876,  the  medical  superintendent 

testified  to  its  salubrity.  There  is  accommodation  within  its  walls  for  thirty-two 
patients,  twenty-eight  being  comfortably  placed  in  four  spacious  wanls  and  four  in 
s'>parate  small  rooms.  The  walls  are  hollow,  having  an  air  space  of  24  inches,  and 
w  Buccesafid  is  the  result  that  no  smell  of    hospital  air  is  observable  even  in 
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the  rooms  where  oflTensive  suppurating  wounds  are  treated.     All  these  advantage's 

are  derived  from  *  the  extremely  advantageous  porosity  of  the  slag  bricks.'  " 
How  far  this  opinion  is  correct  it  is  impossible,  without  further  investigatio!i, 

to  say.  If,  however,  the  slag  bricks  really  have  anything  like  the  qualities 

attributed  to  them  of  permeability  to  air  and  non-permeability  to  water,  they 
are  obviously  a  material  of  very  high  value. 

LASCELLES*    SYSTEM    OP   CONCRETE   CONSTRUCTION. 

Perhaps  the  most  novel  application  of  concrete  to  constructional  purposes  is 
thdt  invented  by  Mr.  Lascelles.  By  the  use  of  various  ingenious  devices  he  has 

made  it  possible  to  build  a  house*,  into  the  constructive  parts  of  which,  ami 
even  to  a  large  extent  into  the  decorative  parts  also,  not  one  single  atom  of 
timber  need  enter. 

The  object  sought  to  be  attained  by  Mr.  Lascelles  was  not,  however,  in  the 

fiiTst  place,  fire-i)roof  construction  so  much  as  an  economical  damp-proof  wall.  As 

Mr.  Lascelles  remarks  : — "  In  an  ordinary  brick  or  stone  house,  the  strength  of  tlie 
wall  is  out  of  all  proportion  to  the  weight  it  has  to  carry.  The  main  thing  thought 
of  is  the  damp.  The  bulk  of  the  material  is  increased,  until  it  is  thought  the  wet  will 

never  find  its  way  through,  although  it  sometimes  does  in  spite  of  all  precautions.'* 
There  can  be  no  question  of  the  superiority  of  a  hollow  wall  to  a  solid  one  for 

dwelling  houses;  the  difficulty  to  be  overcome  is  the  increfised  cost  and  bulk 
necessitated  by  the  former  kind  of  construction. 

The  method  devised  by  Mr.  Lascelles  for  forming  a  hollow  wall  that  should 

l>e  at  once  economical  in  material  and  in  space  may  best  be  described  as  consisting 
of  two  thin  skins  of  concrete  fixed  on  either  side  of  a  supporting  framework. 
The  framework,  which  may  be  of  wood,  iron,  or  iron  embedded  in  concrete,  must, 

of  coui-se,  be  of  a  sufficient  strength  to  support  the  various  floore  and  superstructui^ 
The  skins  need  be  of  sufficient  thickness  only  to  withstand  the  ordinary  wear 
and  tear  likely  to  occur.  Starting  then  with  these  conditions,  Mr.  Lascelles  erected 

a  pair  of  cottages  (Fig.  109),  the  outer  framework  of  which  was  composed  of  upright 
wooden  studs,  4  inches  by  3  inches,  3  feet  apart,  and  on  this  were  fastened  with 

oi-dinary  wood  screws,  slabs  of  concrete  com{)osed  of  four  parts  of  coke  to  one 
))art  of  cement,  with  two  rods  of  iron  one  eighth  of  an  inch  in  diameter  placed 
diagonally  in  the  centre  of  each  slab.  The  inner  faces  of  the  slabs  were  finished 
with  lime  and  sand,  the  wooden  framework  showing  in  the  rooms.  Two  defects 
made  themselves  known  in  these  cottages.  The  first  was  that  in  damp  weather, 
when  the  rooms  were  full  of  moist  air,  on  the  lowering  of  the  temperature 
outside,  the  moisture  was  deposited  on  the  walls  in  the  same  way  as  it  is  under 
similar  circumstances  and  from  the  same  causes  deposited  on  the  window  gla-ss. 

The  other  fault  was,  that  the  party  walls  proved  to  be  no  protection  whatever 
in  the  matter  of  sound  i>assing  from  one  side  to  the  other. 

The  remedv  was  found  in  each  case  to  consist  of  doubling  the  concrete  skin  so 

as  to  form  hollow  walls.  At  the  same  time  it  was  found  practicable  to  reduce  the 
thickness  of  the  slabs  to  one  inch. 

A  more  extended  application  of  the  system  is  shown  by  a  house  erected 

by  Mr.  Lascelles  at  Ci*oydon,  and  illustrated  in  Fig.  110. 
The  whole  of  the  external  walls  of  this  house  are  constructed  of  the  conci*ete 
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Blabs  described  above,  and,  as  will  be  seen  from  the  sketch,  it  is  finished  outside  in 

imitation,  partly  of  brickwoi-k  and  partly  of  weather  tiling. 
The  floors  also  are  all  formed  of  concrete  slabs.  The  ground  floor,  whei-e  no 

cellar  exists,  is  floored  in  the  following  manner  : — at  intervals  so  placed  oh  to 
catch  the  comers  of  four  elAbs,  brick  piers  nine  inches  square  are  built,  and  on 
them  are  laid  the  slabs.  The  joints  between  the  slabs  being  mode  good  with 
cement,  the  whole  suriace  is  plastered  over  with  red  cement,  thus  presenting  an 

Fig'  110.— <:oxcKrrK  Hotisi  it  Cbotduw. 

unbroken  face  over  the  whole  floor.  The  space  under  the  floor  is  utilised  in  an 
ingenious  manner  for  the  admission  of  wannetl  fresh  air  into  the  room  above. 
The  air  previously  to  entering  the  space  under  the  floor  is  passed  over  n  series 
of  hot-water  pipes  whicli  are  used  to  heat  a  femeiy.  The  floors  of  the  upper 
rooms  are  ma<le  of  th^  same  kind  of  slabs,  finished  as  to  their  upper  surfaces  in  a 
similar  manner.  There  being  no  plaster  ceiling,  the  under  sides  of  these  slabs 
were  visible  in  the  ground  floor  rooms,  and  it  became  neceswiiy,  therefore,  to 
treat  them  in  an  ornamental  manner.  The  whole  of  the  floor  timbers  being 
also  visible  were  wrought  and  moulded,  and  on  the  under  side  of  each  slab  where 
visible  between  the  joists  was  an  ornament  in  low  relief  cast  in  the  concrete. 
A  floor  formed  in  this  w.iy  possesses  two  distinct  merits,  the  first  l>eing  thnt 

the  surface  is  entirely  unbroken,  and  there  ai-e,  therefore,  no  crevices  or  cracks 
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through  wliich  dast  ot  dirt  of  any  kind  could  accumulate  as  in  an  ordinary  boarded 
flooring.     The  N«cond  is  that  it  in  entirely  naterproof ;  liquiit  spilt  on  it  could  not 
percolate  through  to  the  underside.    What  is  not  quite  so  certain  is  whether  a  floor 
formed  in  this  way  would  be  satisfactory  as  regards  the  tiitusmission   of  Round. 
It  would,  of  course,  be  a  simple  matter  to  form  a  plastered  ceiling  in  the  ordinaiy 
manner,  and  to  fill  in  with  pugging  between  the  joists. 

The  house  is  roofed   with    Staffordshire   tiles  laid  in   the  ordinary  way.      A 
method  of  using  concrete  for  roofing  purposes  has  yet  to  be  devised ;  all  attempts 
hitherto  having  failed  on  account  of  the  shrinkage. 

A  special  and  ralaable  property  of  concrete  properly  made  is  the  ease  with 
whidi  ordinary  wood  screws  can  be  inserted.     This  being  so  there  in  no  ditHculty  in 
forming    door    and    window-frames,   sills,    cornices,    chimney-pieces,    and    in    fact 
everything  which  can  be  made  in  stone  or  brick,  and  a  great  many  things  hitherto 
regarded  as  only  to  be  made  of  wood.    A  recent 
and  valnable  apptlicstion  of  concrete,  suggested  by 
%rr.  Alfred  Waterhouse,  A.R.A.,  is  that  of  biicks 
to  &sten  joinery,  to  supersede  wood  bricks. 

Casting  ornament  in  concrete  has  been  already 
alluded  ta     The  material  has  now  been  brought 
to  BO  hij^  a  degree  of   fineueKs  of  texture  that 
r<^ty    delicate  ornament   can    be    produced.     It 
■eems   odd  to    niention    picture-frames    in    con- 

nection with   so   rough  a   material   as   concrete ; 
it    is    however    a    foot  that   small  frames   with 

delicate      arabesque     ornament    in     low    relief 
have    been    successfully   made   with    this  useful 

material.       Some    ornamental   chimney-pieces  of 
very   effective  character  have  been  produced  in 
the  same  material. 

In  Fig.  Ill  is  an  example  of  the  application  i 
of  concrete  under  circumstances  which  precluded 
the  employment  of  wood.     In  a  studio  designed 

by  Mr.  B.  Norman  Shaw,  R.A.,  it  was  desii'ed  to 
erect  three  projecting  windows,  in  order  to  secure 

certain  special  conditions  of  light,  in  the  manner  ^*'  ">-C»»™"  Bow-wfadow.         ̂  
shown  in  the  sketch.     It  was  found  that  if  con- 

structed of  wood  the  window  would  infringe  the  provisions  of  the  Metropolitan 
Building  Act.    To  get  over  this  difficulty,  and  yet  retain  the  form  and  character 
of   the   windows,  the  frame-work  was  constructed  of  concrete,  Htreugtheiiod  with 

li^t  iron  rods. 
A  notable  specimen  of  the  application  of  concrete  was  exhibitetl  at  the  Paris 

Exliibition  oE  1878.  A  house  is  a  prominent  position  in  the  Rue  des  Niitiona, 
was  erected  by  Mr,  Lascelles  from  the  designs  of  Mr.  I>.  Norman  Shaw,  R,A. 
The  whole  of  the  various  parts  of  the  house  were  made  in  London,  and  erected 
by  French  workmen  under  the  superintendence  of  an  English  foreman.  On  the 
wooden  framework  were  fixed  conci'ete  slabs  one  inch  thick  fastened  with  screws ; 
on  these  slabs  were   fixed,  in    courses  to   i-esemble    brickwork,  thin    tiles  of  the 
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^izos  of  bricks  and  half  bricks.  The  character  of  the  architecture  is  what  is 

usually  known  as  Queen  Anno;  the  front  being  divided  vertically  by  pilai?tora 
into  three  unequal  bays  with  a  window  in  each,  the  wider  one  being  in  the 
oentre.  On  the  ground  floor  is  a  projecting  window  corbelled  out,  and  having 

on  one  side  the  door  and  on  the  other  a  narrow  window.  Moulded  Btring- 
oourses  immediately  over  the  first  floor  windows,  and  at  the  sill  level  of  the 
second  floor,  form,  with  the  pilasters,  panels  in  which  elaborately  carved  slabs 
jirc  inserted  The  whole  is  crowned  with  a  bold  projecting  cornice  enriched  vnih 

e^^  and  tongue  moulding  and  modilliona  Tlie  pilasters  are  crowned  w^ith  qiia.si 
Ionic  caps  with  wreaths,  and  at  the  first  floor  level  a  balcony  with  turned  balustere 
projects  along  the  entire  huce.  The  whole  presents  the  appearance  of  a  carefully 
designed  brick  house  of  the  early  part  of  the  last  century.  With  the  sole 
exceptions  of  the  door  and  the  window  sashes,  the  whole  of  the  exterior  is 
constructed  of  concrete. 

~  The  advantages  of  entire  concrete  construction  for  such  purposes  as  hospitals, 
and  infirmaries  attached  to  schools,  and  other  buildings  of  a  kindred  purpose,  are 
manifestly  very  great     And  this  is  more  especially  true  with  regard  to  buildings 

intended  or  likely  to  be  used  for  the  treatment  of  diseases  of  an  infectious  natui-e. 
llie  advantage  in  the  latter  case  is  twofold  ;  for  not  only  would  a  building  constnic- 
ted  wholly  of  concrete  be  absolutely  washable  in  every  part,  but  it  could  be  so 
thoroughly  cleansed  and  disinfected,  that  it  might  with  perfect  safety  be  occupied 

by  patients   suffering  from  a  totally  diff*erent  disease  within  a  few  hours  of  ics 
vacation  by  fever  patients.     The  complete  and  effectual  disinfecting,  juid  thorough 
cleansing  of  such  a  building,  would  be  a  matter  of  compamtive  simplicity.     Tliere 

would,  for  instance,  be  no  difficulty  in  i-aising  the  temperature  by  artificial  means 
to  a  point  of  sufficient  heat  for  disinfecting  purposes.      Again,  for  the   pui-pose 
of  men*  cleansing  it  would  be  possiV)le  to  ix)ur  into  the  house,  and  over  every  jiart 
of  its  interior,  a  powerful  and  continuous  jet  of  water  from  a  hose  pipe. 
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CHAPTER  XIX. 

SMALL   SEMI-DETACHED   AND   TERRACE   HOUSES — HOME   HOSPITALS. 

The  luittl  style  of  Small  HouBes— Semi-detached  Honaes  .  at   Ealing — at  Watford — at  Midhunt— 

Temee  Houses  in  Telford  Park — ^Small  Houses  at  Queen's  Park,  Kilbum — Home  Hospitals. 

There  is  probably  no  class  of  dwelling-bouse  which  stands  in  more  need  of 
improrement  in  arrangement  and  construction  than  the  small  surburban  house  of  a 
rental  value  of  from  twenty  pounds  or  less  to  fifty  pounds  a  year.  The  increased 
value  of  all  land  available  for  building  within  reasonable  distances  of  large  com- 

mercial or  manufacturing  centres,  restricts  the  area  of  each  plot  of  ground  to  a 
frontage  line  of  from  fifteen  to  twenty  feet,  and  a  depth  of  from  fifty  to  a  hundred 
feet.  Upon  a  site  of  this  shape  there  is  but  littlo  scope  for  variation  in  the 
disposition  of  the  rooms.  It  is  in  the  details  of  planning  that  every  conceivable 

error  is  commonly  made — and  in  dealing  with  this  class  of  house  it  should  be 
remembered  that  a  fault  once  made  is  repeated  with  religious  strictness  in  all  the 
sKores  of  houses  that  are  built  to  one  pattern.  The  need  for  attaining  a  very  high 
(le;*ree  of  excellence  in  a  plan  which  is  to  be  the  pattern  from  which  some  hundreds 
of  houses  are  to  be  built  will  be  apparent  to  alL 

An  additional  reason  for  insisting  upon  the  greatest  possible  amount  of  care  in 
plamiing  houses  of  the  class  now  under  consideration  is,  that  the  people  who 

iiiliabit  them — clerks,  professional  men,  and  others — are  practically  com])elled  to 
take  what  they  can  get,  and  are  powerless  to  improve  what  they  know  to  be  bad. 
To  take  an  ordinary  house  of  perhaps  £30  per  annum  rent,  in  any  one  of  the  now 
thickly  populated  suburban  districts  which  a  few  years  ago  were  country  lanes 
and  fields :  the  front  door  is  at  the  side,  and  opens  on  to  a  narrow  passage  three 
fi^t  wide  at  the  most,  which,  when  the  door  is  shut,  is  in  a  state  of  almost  absolute 

tlarkness.  Perhaps,  however,  the  builder  has  l)ethought  himself  of  this  point,  and 
formed  over  the  door  a  glass  fanlight.  This  fanlight,  however,  being  the  only 
and  obvious  means  of  ventilating  the  hall  and  staircase,  is  hermetically  sealed. 
The  first  door  to  be  appiXMiched  is  that  of  the  front  parlour;  a  pleasant  room 
enough,  with  a  bay-window,  with  its  array  of  that  best  of  all  decorations,  natural 

riowers.  The  attention,  however,  is  soon  attracted  to  cei-tain  disfiguring  stains  on 
the  walls,  rising  in  unequal  patches  from  the  skirting ;  and  which,  being  obviously 
damp,  connect  themselves  instinctively  with  a  certain  mouldy  smell  perceptible  in  the 

room.  The  cause  of  both  smell  and  stains  is  not  far  to  seek ;  it  is — no  damp-proof 
(XiVLme,  and  no  concrete  under  the  floor.  The  idtimate  efiect  will  undoubtedly  be 

«In'-rot  in  the  floor  timbers,  and  destruction  of  paper  after  paper ;  until  at  last  the 
Hiiemy  is  attacked  at  the  root,  and  at  great  cost  the  dami)-proof  course  is  inserted, 
the  ground  under  the  floor  is  removed,  and  concrete  laid  down. 

Behind  the  last-named  room,  and  possibly  opening  into  it  with  folding  dooi-s,  is  a 
Koiajler  room,  about  which  there  is  nothing  particular  to  be  reniarke<l,  except  that 
its  smaller  size  is  necessitated  by  the  additional  width  required  for  the  stairs  and 

jAssage  at  the  side,  while  its  outlook  at  the  back  is  natrowed  by  the  projecting 
block  of  domestic  offices. 
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In  this  projection  is  situated  the  kitchen  ;  which,  being  the  room  that  bj 

reason  of  t]ie  heat  of  tlie  fii-e,  and  the  necessity  for  its  being  in  use  dunii<; 
t}ie  heat  of  suminor  as  in  the  depth  of  winter,  stands  most  in  need  of  an  ample 
sup]»ly  of  air  and  ventilation,  is  considerably  smaller  as  to  ai'ea,  and  some  two  feet 
lower  in  height  than  the  rest  of  the  house.  Here,  from  inniimenible  crerices  in 

boards  and  plaster,  swarms  of  black  beetles,  emei^ng  at  night  time,  pei-vade  evei^' 
accessible  spot  A  wholesale  slaughter  now  and  then  does  not  tend  to  improve 
matters  by  leaving  hosts  of  bodies  of  defunct  insects  to  the  process  of  decay.  A 

solid  floor  of  concrete  and  wood-bricks,  such  as  has  been  described  in  a  precetling 
chapter,  would  provide  a  lasting  and  not  inexpensive  remedy  for  this  abominable 

post Adjoining  the  kitchen  a  small  dark  and  damp  recess  contains  a  sink,  and  is 
called  the  scullery ;  while  side  by  side,  and  with  carefully  arranged  focilities  for 

ventilating  the  one  into  the  other,  are  the  servant's  water-closet  and  the  larder;  and 
at  a  few  feet  distance,  the  dust-bin,  with  its  complement  of  bones,  decaying 
vegetables,  and  other  refuse. 

Upstairs  will  be  found  the  bedrooms,  with,  now-a-days,  not  unfrequently  the 
])ath*room.  The  size  of  these  rooms  and  their  position  cannot  well  be  varied,  but 
care  has  been  taken  to  render  them  as  pervious  to  rain,  and  as  susceptible  as 
possible  to  changes  of  temperature,  by  building  the  outer  walls  only  9  inches  thick, 

and  by  omitting  any  non-conducting  material  between  the  ceiling  of  the  upper  floor 
and  the  slates  on  the  roof. 

The  staircase,  squeezed  into  as  small  a  space  as  })ossible,  consistently  with 
getting  up  at  all,  is  so  full  of  winding  steps,  and  so  steep,  that  one  trembles  for  the 

chances  of  the  poor  little  ones  who  w*ill  have  to  toil  up  and  down  the  steep  ascent 
The  utter  disregard  of  the  possibility  of  a  house  of  this  kind  being  ever  inhabited 
by  children  is  a  curious  and  noteworthy  fact 

The  faults  described  above,  together  with  other  siiLs  of  omission,  such  as  the 

neglect  to  supply  cupboard  room^  and  the  utter  disi'egard  of  the  simplest  poBsil>le 
rules  of  sanitary  science  in  the  drainage  arrangements,  are  i*epeated  again  and 
again,  notwithstanding  the  complaints  which  assail  the  builder  on  all  hands. 

At  the  root  of  all  this  lies  the  system  of  granting  building  leases  at  as  high 

a  ground-rent  as  possible.  An  owner  of  "  eligible  "  building  land  sees  his  way  to 
making  an  increased  income  by  letting  it  for  ninety-nine  years  on  building  leasers. 
His  interest  apparently  is  confined  to  obtaining  as  large  a  rent  as  possible  for  the 
land  without  troubling  about  the  class  of  building  to  be  put  on  it,  so  long  as  the 
land  is  sufficiently  covered  to  secure  his  rent  Practically  this  is  so,  but  surely  tlie 
best  interests  of  the  landlord  are  not  alone  to  secure  his  present  income,  but 

to  provide  for  posterity  property  which  shall  not  come  to  them  as  worn-out  ruins. 
Surely,  too,  the  ownership  of  land  ought  to  carry  with  it  some  responsibility,  and 
the  landlord  ought  to  consider  it  incumbent  upon  him  to  take  some  pains  to  insure 
that  the  houses  erected  on  his  land  shall  be  at  all  events  fairly  sound  and  healtliy. 

Assuredly  the  tenant  whose  cii*cumstances  will  not  permit  him  to  do  much  for  his 
own  protection,  has  a  right  to  expect  that  he  shall  not  be  denied  that  protection 
which  a  paternal  government  affords  to  his  poorer  brother  the  artisan. 

Of  the  illustrations  of  houses  of  the  smaller  class  of  suburban  dwellings,  Figs. 

112  to  114  I'epi'esents  some  moderate  sized  semi-detache<l  bowses  at  Ealing,  designetl 
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bv  Mr.  W.  J.  Green,  F.R.I.B.A.  The  rental  value  of  these  houses  is  about 

^45  a  year.  There  are,  as  will  be  seen  from  the  plan,  two  sitting-rooms  and 
five  bed-rooras,  making  with  the  icitchen  what  is  commonly  known  as  an  eight- 
roomed  house.  It  will  be  observed  that  although  in  close  proximity  to  each 
other,  there  is  no  i)ossibility  of  the  larder  being  contaminated  by  foul  air  from 

the  servants'  water-closet  A  small  coal-cellar  is  provided  under  the  front  entrance 
halL  Noteworthy  points  of  careful  planning  are  the  way  in  which  the  bay  window 

of  the  dining-room  is  arranged,  the  almost  complete  absence  of  winding  ste[)s 
in  the  staircase,  and  the  provision  of  a  small  room  in  the  roof  with  a  window  for 
the  cistern,  &c. 

The  next  plan  (Figs.  115  to  117)is  of  semi-detached  houses  at  Watford  of  some- 

what smaller  dimensions  and  different  ari-angement.  The  staircase  is  brought  nearer 
to  the  front  entrance,  by  which  means  an  appearance  of  greater  size  is  given  to  the 

entrance,  while  in  reality  some  economy  of  space  is  effected.  The  rain-water  ironx 
the  roof  is  collected  into  a  large  tank  in  the  garden  of  one  of  the  houses,  and  each 

house  is  provided  with  a  pump  connected  with  this  tank. 

Figs.  118  to  120  show  a  pair  of  semi-detached  houses  also  designed  by  Mr.  Green, 
of  larger  dimensions  than  either  of  the  last,  being  what  are  known  as  ten-roomed 
houses.  These  houses  were  erected  as  a  speculation,  and  it  was  thought  desirable  to 

attain  as  imposing  an  appearance  in  the  front  as  possible.  Accordingly,  the  plans  are 
so  arranged  that  by  placing  the  staircase  in  front  and  bringing  all  the  upper  floor 
also  to  the  front,  an  appearance  of  greater  size  is  obtained  than  is  actually  the  case. 

The  arrangement  of  lobby  to  the  kitchen,  the  wine-cellar,  and  pantry,  is  a  very  original 
and  carefully  worked  out  detail  of  planning.  So  also,  on  the  first  floor,  the  wardrobes 

and  linen-closet  are  just  those  minutiie  of  planning  which  are  systematically 
ignored  by  the  speculating  builder,  but  which  make  all  the  difference  between 
comfort  and  discomfort  in  a  house  of  this  class. 

Figs.  121  to  120  show  a  pair  of  semi-detached  houses  erected  at  Midhurst  from 
the  designs  of  Messrs.  W.  F.  Meakin  and  Son.  Though  not  strictly  suburban  houses, 

there  is  nothing  in  the  an-angements  which  would  be  inconsistent  with  their  being  in 
the  suburbs  of  any  large  town.  They  contain  six  rooms  each,  and  would  probably 
let  in  the  suburbs  of  London  for  a  rental  of  about  J&40.  There  is  no  particular 

fKiture  to  comment  upon  in  the  planning,  which  is  straightforward  and  simple. 

Figs,  124  to  126  are  plans  for  small  terrace-houses  of  about  £40  a  year  rent, 

designed  by  Mr.  R  J.  Tarver.*  The  frontage  of  each  plot  being  only  eighteen  feet, 
the  houses  are  necessarily  smalL  The  most,  however,  has  been  made  of  the  spaoe 

available,  and  the  result  is  certainly  a  most  convenient  and  compact  little  house* 

Points  deserving  of  special  mention  are  :  first,  the  position  of  the  bay-window  in  the 

drawing-room  ;  by  placing  it  out  of  the  centre  of  the  room  the  wall  space  on  the  fire- 
place side  is  unbroken,  and  the  result  is  that  the  light  is  better  distributed,  and  an 

effect  of  greater  spaoe  is  gained.  Next,  the  position  of  .the  fireplace  in  the  angle  of 

the  dining-room  is  quite  the  best  that  could  be  chosen,  as  it  allows  more  space  for 
moving  round  the  table ;  a  very  valuable  gain  in  so  small  a  ix)om.  Tho  provision 

of  a  small  pantry  with  a  sink  is  a  useful  one,  and  one,  moreover,  seldom  thought  of 

by  the  designers  of  this  class  of  house.  Up-stairs,  by  an  ingenious  arrangement  of 
the  staircase,  the  back  room,  usually  very  small,  is  here  a  fair-sized  room. 

*  The  dedgns  for  these  houses  have  all  been  registered  by  the  proprietors. 
18 
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The  design  of  the  houses  is  a  free  aiid  picturesque  ti-eatment  of  ordinan 
materials,  such  as  brick,  stone,  and  tiles;  the  principal  object  in  view  being  to 
obtain  a  pleasing  and  attractive  appearance  with  simple  and  durable  materials. 

The  three  plans  of  houses  in  Queen's  Pai-k,  Kilbum,  are  typical  examples  of  a 
kind  of  house  for  which  in  suburban  districts  there  is  a  very  lai*ge  demand.     They 

Fig.  121.— Giwind  Floor  Plan. Pig.  122.— First  Floor  Plan. 

SCALC. 

Fi?.  123.— Second  Floor  Plan. 

Houses  at  Midhubst. 

are  erected  on  an  estate  belonging  to  the  Artizans*,  Labourers',  and  General  Dwellings 
Company,  of  about  75  acres  in  extent  The  object  sought  by  this  company  is  to 

provide  well-built,  convenient,  and  healthy  dwellings  for  tlie  working  classes,  the 
houses  being  small,  and  let  at  weekly  i*ents  ranging  from  6s.  to  13a  6d.  To  attain 
this  object  at  a  i*emunerative  outlay,  it  is  of  course  necessary  to  select  sites  at  such 
a  moderate  distance  from  town  as  will  not  render  the  cost  of  travelling  to  and 
fro  greater  than  the  class  of  tenants  who  are  to  occupy  the  houses  can  afford.  Tlio 

great  facilities  offered   in  the  way  of  workmen's  trains  with  reduced  fares  »:v 
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sftFcral  of  tlie  railway  companies  running  out  of  London^  have  greatly  increased  the 
(leroand  for  the  class  of  houses  now  under  consideration ;  and  while  in  the  more 
central  parts  of  London,  where  land  is  so  dear,  it  must  be  a  necessity  to  build  lai-pe 
and  lofty  blocks  of  dwellings  for  the  industrial  classes  whose  means  or  occupation 
will  not  permit  them  to  live  far  away  fix)m  their  work,  there  can  be  no  question 

Fi«r.  124.— Oroiuid  Floor  Plan. Fig.  125.— Fii-st  Fioor  Plan.  Fisr.  123.  -Second  Floor  PLnn. 

TsiBACB  BoviES  ni  TsLronD  Paik. 

that  for  those  whose  avocations  enable  them  to  live  a  short  distance  away  the  small 

two-storey  dwelling  is  by  far  the  better  one  in  every  sense. 
The  estate  from  which  the  illustrations  are  taken  is  laid  out  with  spacious  roads:, 

the  width  of  which  is  increased  by  the  houses  being  set  back  within  fore-courts^ 

Trees  planted  in  the  fore-courts  impart  a  cheei-ful  and  pleasant  aspect  to  ̂   roa^, 
and  by  a  judicioas  variation  in  the  types  of  the  houses,  the  dead  and  di^^j;y  level  of 

ttnif<Miii  ugliness  usually  so  successfully  attained,  is  hei^e  happily  avoided. 
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Tho  number  of  houses  on  the  estate,  when  it  is  all  developed,  will  be  2,163,  being 

Kt  the  ratio  of  about  37  per  acre.  To  provide  for  the  education  of  the  large  naniber 

of  chililrea  iif^esaarily  implied  by  these  figuren,  large  Board  Schools  have  alnad; 

iicon  erected  or  oro  being  erected  solely  for  the  occopanta  of  the  estate. 

In  point  of  construction,  tho  objects  sought  to  be  attained  fay  the  company  may 

perhaps  best  be  eKpI&iiied  by  an  extract  from  a  report  by  the  architect  to  the 

estate.     "  In  laying  out  an  estate  for  a  company  whose  operations  are  so  importaiit, 

flR.  IS.-Elantlon. 

Tig.  m.—Tiitt  Floor  Pkn. 

SiCCOHD  CLiSB  nODRin  JS  Qll«E»'»  Pi» 

  it  is  necessary  to  do  so  in  an  attractive  and  liberal  a  form  as  powible 

witliout  wasto  and  extravagance ;  it  is  also  highly  necessary  to  have  due  regard  to 

the  rapid  growtli  of  sanitary  science,  and  to  endeavour  to  comply  with,  and  to 

anticipate  if  possible,  its  many  requirements,  and  especially  those  of  them  which 

will,  I  believe,  in  a  few  years  be  considered  by  the  population  at  large  as  ahsolutflv 

necessary  for  habitable  dwellings,  not  only  as  r^ards  the  actual  sanitary  fittin;?! 

and  appliances  of  the  houses  themselves,  but  also  as  rej^rds  their  actual  construction 

from  the  foundations  upwards,  and  also  more  especially  as  I'ogards  the  light  and  sir 

space  with  which  they  ar«  surrounded."*     It  is  in  the  application  of  these  principles 

•  Repgrt  to  tlie  tlhrurmsn  iikI  Direetoni  of  the  Artinns'.  Idbouren',  mhI  Genenil  Dwelling*  Oom- 
pnn;,  by  Rowluid  Plumbe,  F.KI.B.A.     Kimllr  lent  b;  Mr.  Plumbe  with  the  nutction  of  the  Boanl. 
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tbat  the  rB«l  difficulty  of  constrncting  bousts  of  this  class  at  a  rerauuerative  outlay 

lieu.  The  ordinary  speculative  builder,  who  lookti  to  obtain  a  high  ivte-of  interest 

for  his  money,  as  a  matter  of  fact  systematically  ignores  all  these  cousideratious, 

and  by  ao  doing  attains  Ms  object 

Ty.  ISI.— OnHmd  P — !n*tc —  Pfe.  ia2._Finrt  Floor  Pka. 

EHALL  UDOaES  IK  QDEEV'a  F>u. 

There  are  five  different  classee  of  IiouiteB  on  the  estate the  i-ents  of  which 

toUows:— 
First-clasB  house          ..... 13s.  Od.  per  week. 
BMond      do.   IftJ.  6d.          „ 

Third       do.   Us.  6d. 

Fourth     do.              ..... 8a.  M.        „ 

.    Fifth        do.   6b.  M.        „ 

The  type  of  the  second-class  liouses  is  ilhistrated  in  Figi J.  127  to  129.    Theg 

Soor  contains  entrance  passage  with  a  small  oovere<l  porch,  front  anil  liack  parlours, 

arO*  X  10'  0",  and  0'  0"  x  13'  2"  respectively),  lobby  entrance  to  yard,  sraall 

larder,  kit«ltcn  (9'  0"  x  10'  0"),  scullery,  with  copper  in  recess,  and  watei-^losct. 
lu  the  back-yard,  and  detached  from  the  bouse,  is  a  dust-biii  of  HiiJ)ici«;nt  bixe,  and 

Vfnvidcd  with  a  proper  cover.  The  iip{)er  Hoor  contains  three  bedrooms  (11'  3"  x 

ICrO",  yO"  X    12' 3",  and  9' 0"  x  13' 3  "  re8|wctively). 
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Figs.  130  to  132  repreaenU  the  lifth,  or  Bmallust,  vlaas  of  liouxe.  Tin;  frontai,";  of 

the  ploU  on  wliii:li  tlieae  lioiiscs  are  built  being  only  13'  0",  the  space  is  not  suflicii^iit 
to  allow  of  a  piiiisa<^  bting  taken  off  the  front  room ;  a  Rumll  poreh  is  tberefon; 
arranged  which,  while  sheltering  the  parlour  and  maintaining  the  desired  privacy, 
odds  a  feature  of  interest  to  the  front  of  tlie  house.  With  the  sculleiy,  there  are 

but  four  rooms  in  all,  and  tlie  stoii-cose  is  entered  out  of  the  kitchen.  The  lanler, 
in  point  of  poeition,  b  certainly  pi-eferable  to  that  in  the  ttccond-chiGii  housa 

The  third  specimen  of  honsc,  illustrated  by  Figs.  133  to  13G,  is  on  a  somewhat 
novel  system.  It  in  sup|>osed  by  some  persons  who  have  had  esperience  of  ibis  ciaas 
of  houses,  that  in  such  a  house  aa  the  second-cla^s  one  there  is  a  certain  auiotmt  of 
facility  afforded  for  tenants  to  crowd  tlieir  own  families  into  too  small  a  space,  in 
order  to  let  some  of  tlieir  rooms  as  lodgings.  It  is  conceivable,  for  instance,  tluit  tte 

back  parlour  might  be  turned  into  a  bedroom,  and  the  two  upper  bedi-ooms  let  o&. 
Within  I'easonable  and  proper  limits  there  coulU  be  no  possible  objection  to  this  ;  bu* 
there  is  no  doubt  that  with  a  certain  class  of  tenants  there  would  be  overcrowding 
and  it  is  to  obviatt:  this  that  the  houses  now  to  bo  described  have  been  devised. 

These  houses  are  built  in  Hats ;  each  house  contaiiiing  in  itself  two  se^iarate  and 

distinct  tenements,  self  contained  in  every  particulai-. 
There  is  a  coiutuon  porch  aikd  entrance-passage,  and  the  entrance  to  the  up[K.-r 

flat  is  at  the  foot  of  the  staircase  which  gives  access  to  it.  On  each  floor  is  a 

parlour,  bedi'oom,  kitchen,  scullery,  larder,  and  water-closet,  a  small  cool-store  bcuig 
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arranged  on  the  landing  of  the  upper  floor.  The  parlour  of  the  uppiT  floor  i.s  larger 
than  that  of  the  lower  floor  by  the  width  of  the  passage.  A  flight  of  ste)>s  from  the 
sciiUery  of  the  upper  floor  affords  access  to  the  common  dust-bin  and  back-yard. 
The  rent  of  each  flat  is  5s.  6d.  to  6s.  6d.,  or  the  whole  house  10s.  Cd.  per  week, 
An  advantage  in  these  houses  not  shared  by  the  others  is  that  in  each  case  the  w.o. 
13  approached  under  cover;  the  balcony  aflbrding  protection  to  the  ground  floor, 
while  the  balcony  itself  is  roofed  over  on  the  upper  floor. 

The  finishings  and  fittings  of  the  houses  are  all  necessarily  of  the  simplest 
nature.  The  aspect  both  of  the  estate  generally,  and  of  the  houses  in  particular,  is 
pleasing  and  attractive;  while,  by  the  introduction  of  special  features,  such  as  turrets 

or  projecting  windows,  at  the  comers  of  i*oads  and  other  prominent  positions,  the 
inevitable  monotony  of  long  rows  of  houses  of  one  size  and  character  is  gi'eatly 
relieved. 

■ 

HOME   HOSPITALS. 

The  necessity  has  long  been  felt  for  some  kind  of  hospital  accommodation  which 

should  be  available  for  the  large  number  of  persons  whose  cii^cumstances  place  them 
beyond  the  scope  of  charitable  aid  in  sickness,  but  whose  dwellings  are  unsuitable 

or  incapable  of  affording  the  comforts  and  special  conveniences  neccssar}'  in  a  pro- 
tracted illness.  And  this  applies  to  illnesses  of  all  kind,  and  not  alone  to  diseases 

of  an  infectious  nature.  In  the  diseases  of  the  latter  class  (scarlet  fever,  small- 
])ox,  (be),  the  necessity  for  isolation  is  imperative  :  it  is,  in  fact,  enforced  where  an 
outbreak  occurs  in  a  house  occupied  by  more  than  one  family:  and  it  seems 
(fifficult  to  understand  why  isolation  should  not  be  equally  enforced  in  houses 
where  there  is  no  efficient  means  of  isolating  the  patient  from  the  other  inmates, 
notwithstanding  the  fact  that  those  inmates  are  all  part  of  one  family.  To  do 
this,  however,  would  require  a  far  greater  amount  of  hospital  accommodation  for 
infectious  fevers  than  at  present  exists.    . 

The  first  effort  in  the  metropolis  to  supply  the  need  for  a  hospital  for  paying 

{•atienta  has  been  made  by  the  Home  Hospitals  Association  at  Fitzroy  House, 
^0.  16,  Fitzroy  Square.  An  ordinary  town  house,  built  in  the  early  i)art  of  the 
present  century,  has  been  adapted  to  the  purposes  of  the  hospital,  and  every  effort 

has  been  made  to  overcome  the  difficulties  presented  by  the  ai-rangements  of  a  house 
desagned  for  the  ordinary  requirements  of  a  family.  The  idea  sought  to  be  realised 
in  all  the  details  of  the  establishment  is  that  of  a  home,  the  hospital  feeling  being 
carefully  eliminated. 

The  house  is  entered  by  a  broad,  well-lighted  entrance-hall,  on  the  right  of 
which  is  the  dining-room,  which  is  fitted  up  in  every  resi>ect  like  the  dining-room  of 
a  private  house.  Behind  the  dining-room  is  a  bed-room,  appropriated  to  the 
purpose  of  an  accident  ward.  The  furniture  in  this  room,  which  is  in  every 

respect  similar  to  that  in  all  the  other  bed -rooms,  consists  of  a  brass-mounted  ii'on 
^>edstead,  with  a  spring  mattress  and  feather-bed,  a  chest  of  drawers,  cabinet  for 
books,  kc,  washstand,  with  double  set  of  crockery,  cupboard  for  bed-pan,  &c., 
towel-horse,  writing-table,  and  chaii-s.  The  wood  used  is  ash,  French-i>olished,  and 
the  furniture  is  simple  and  tasteful  in  design.  The  flooi-s  are  stained  and  wax- 
polished,  and  a  few  Persian  rugs  are  laid  about  them.  The  walls  are  papered  and 
^f^amiahed.     The  windows  are  fitted  with  the  patent  imix^rial   sash  appiratus,  by 
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niemis  of  which  an  oitlinary  double-hung  sash  is  made  to  open  on  centres,  or  to 
slide  up  and  down  as  requireiL  A  light  screen,  of  the  same  wood  as  the  furniture, 
is  provided ;  and  by  a  simple  contrivance  the  whole  of  the  panels,  which  are  made 
of  cretonne,  on  light  iron  rods,  can  be  lifted  out,  and  fresh  panels  fixed  into  the 

fnime-work  of  the  screen.  At  the  back  is  a  waiting-room  and  secretary's  of&oe.  On 
tlie  landing  over  tlie  hust  rooms,  and  between  the  ground  and  first  floors,  are  the 

matron's  sitting-room  and  a  small  ante-room. 
The  upper  floors  are  entirely  occupied  by  bed-rooms.  On  the  landing  between 

the  first  and  second  floors  is  a  bath-room  and  water-closet  The  bath  is  of  porcelain, 
and  is  fitted  with  hot  and  cold  water,  and  has  a  shower-bath  attached.  The  water- 

closet  apparatus  is  BosteFs  Brighton  closet,  with  a  water  waste-preventing  apparatus 
attached.  This  apparatus  is  worked  by  a  pull-down  handle,  and  is  so  contrived 
that  the  whole  of  the  contents  (two  gallons)  of  the  apparatus  is  discharged  whether 

the  handle  is  held  down  or  not  The  seat  is  hinged,  as  every  water-closet  se^tt 
should  be,  and  the  rim  of  the  basin,  the  lead  safe,  and  all  the  other  })arts,  can  be 

clcaneil  out  whenever  occasion  requires.  There  is  another  water-closet  and  a  slop- 
sink,  and  a  bath-room,  on  the  third  floor.  The  linen-room  in  on  the  top  floor,  and  in 
it  are  placed  the  hot  water  circulating  cisterns  to  the  baths  and  supply  taps.  The 

cuiterns  are  in  a  room  in  the  roof,  and  easy  access  is  aflbrded  to  them  by  a  ladder 

from  the  top  landing.  The  basement  contains  the  kitchen  offices,  servants'  hajl, 
and  nui-ses'  sitting-room.  The  nui-ses'  bed-rooms  are  in  a  building  at  the  back, 
originally  constructed  for  stables. 

For  all  these  purposes  the  best  has  had  to  be  made  of  an  existing  house,  and 

arrangements  which  could  be  much  improved  upon  in  a  specially-designed  building 
have  had  to  be  left  very  much  in  their  original  condition.  Wherever  it  has  been 

ix)ssible  to  do  so,  the  wall  surfaces  have  been  made  washable  by  the  application  of 

varnish.  By  means  of  windows  and  air-bricks,  free  currents  of  air  have  been 
supplied  to  all  parts  of  the  house.  The  stoves  are  in  most  cases  the  original  ones, 

and  have  no  special  features  beyond  those  found  in  oixlinary  dwelling-houses. 
Special  attention  has  been  paid  to  the  drainage  of  the  house.  The  main  drain 

runs  from  the  yard  at  the  back,  through  the  basement  passage,  to  the  sewer  in  the 

Squara  At  each  extremity  is  a  man-hole,  with  a  hinged  cover  for  access  to  and 
examination  of  the  drains,  which  at  these  points  are  formed  of  half-pipes  bedded  in 
concrete.  Fresh  air  is  admitted  to  the  drain  by  two  inlets  in  the  front  area,  and 

the  soil-pipe  is  continued  up  above  the  highest  part  of  the  roof  as  an  extraction 
shaft.  At  the  man-hole  in  the  back  area  is  fixed  a  stand-pipe,  with  hose  attached, 

by  means  of  which  the  whole  of  the  drains  are  flushed  out  twice  a  day.  *  All  the 
sink  wastes,  overflow  pipes,  and  bath  wastes  are  made  to  discharge  into  open  iron- 

heads  or  into  gully-traps«  The  drainage  frem  the  back  building,  in  which  the  nui'ses' 
bed-rooms  are  situated,  is,  from  structural  reasons,  taken  out  to  the  back.  A  similar 
contrivance  for  flushing,  and  similar  ventilation,  is  applied  to  this  system  of  drains. 

The  air  of  comfort  and  homeliness  which  pervades  the  whole  establishment  is 

very  satisfactory,  and  it  is  to  be  hojjed  that  the  Association  may  find  their  project 
succeed  sufficiently  to  enable  them  to  erect  an  entirely  new  Home  Hospital  which 
shall  answer  their  requirements  in  every  way  more  completely. 

The  whole  of  the  alterations  were  designed  and  carried  out  by  Mr.  Ernest 
Turner,  F.RI.B.A. 





i  i[\  I 



MIDDLE-CLASS    IIOLSLS.  iM  9 

CHAPTER   XX. 

LARGER  TERRACE,  SEMI-DETACHED,  AXD  DETACHED  HOUSES. 

Temce  Uouflc  in  Upi^er  Berkeley  Street—Detached  House  at  HamiMtead— Converted  Comer  House 
at  Brighton —Detached  House  at  Hampstead  Hill  Gardens— Detached  House  at  Ealing— Semi- 
tletached  Hotue  at  Balham — ^Detached  House  at  Woking— Bungalow  at  Birchington-on-4ea^ 
House  for  School  at  Brighton. 

HOUSE    IN   UPPER  BERKELEY    STREET. 

This  Louse  (Figs.  137  to  139)  was  erected  from  the  designs  of  Mr.  Robert  W.  Edis, 

F.S.A.,  F.R.LB.A-,  and  as  a  specimen  of  a  London  house  in  a  West-end  sti-ei't, 
l>it»ent8  some  noteworthy  features.  In  desigiiing  the  git)und  floor  an  endeavour 

was  made  to  dei)ai't  from  the  traditional  arrangement  of  London  houses,  in  which 
tLc  main  staircaj»e  is  directly  opposite  the  visitor  as  he  enters.  Ample  light,  a 

necessity  so  all-important  but  so  fi-equently  neglected,  has  been  provided  every- 
where, even  in  the  basement,  a  matter  of  no  small  difficulty  in  a  large  house  of 

tbis  kind,  where  so  much  of  the  ground  must  perforce  be  covered. 

The  basement  is  devoted  to  the  servants'  offices;  an  ari'angement  all  but 
inevitable  in  London  streets.  The  kitchen,  of  amjile  size  and  lighted  by  wide 
skylights  the  whole  length  of  one  side,  is  at  the  back,  with  the  scullery  and  larder 

in  immediate  pi-oximity.  Tlie  latter  is  lighted  and  ventilated  from  a  large  open 

ai'ea,  on  the  other  side  of  which  is  the  butler's  pantiy.  To  the  front  are  the 
servants*  hall  and  the  footman's  room.  Wine-cellai-s,  beer-cellars,  closets,  knife 
and  boot  cleaning  room,  and  coal-cellars  are  provided  on  this  floor,  while  close 

to  thc^back  staircase,  which  extends  from  the  basement  to  the  second  floor,  is 
the  lift,  which  ascends  to  the  level  of  the  ground  floor. 

Separate  water-closet  accommodation  is  provided  for  the  male  and  female 
servants. 

The  ground  floor  is  entered  from  a  pi-ojecting  porch  from  w*hich  access  is 
obtained  to  a  lobby,  and  from  thence  to  the  hall  and  staircase.  The  dining-room 

occupies  the  front  of  the  house,  and  has  a  spacious  bay  window  to  the  sti*eet,  and  a 
recess  for  a  specially-designed  sideboai*d. 

A  door  of  communication  is  made  between  the  dining-room  and  the  library, 
thus  enabling  tho  latter  room  to  be  used  as  a  serving-room  when  occasion  n»<|uires. 

Partly  over  the  kitchen,  and  approached  by  a  corridor  from  the  inner  or  stairciii:o 

hall,  is  a  large  billiaul-room,  in  close  proximity  to  which  a  water-closet  and 
lavatory  are  arranged. 

On  the  first-floor  the  front  drawing-room  occupies  the  whole  frontage,  tlio 
hay  window  of  the  floor  below  being  continued  up  to  this  room.  Communicating 
with  the  front  drawing-room  is  a  smaller  room,  which  is  also  provide<l  with  a 

hay  window,  and  from  which  access  is  obtained  to  a  conservatoiy  and  studio  bt-hiud. 
Tlras  the  whole  floor  can  be  used  as  one  suite  of  rooms,  whilst  separate  access  to  tho 
btudio  is  preserved  from  both  best  and  back  stairs. 

The  upper  floora  are  occupie<l  with  bed-rooms,  bath-rooms,  tkc.  The  latter,  as 

also  the  housemaid's  closet,  is  fitted  with  hot  and  cold  water  supply. 
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By  a  simple  arrangement  of  flues,  the  chimneys  of  the  best  rooms  are  all  swept 
from  the  basement,  and  provision  is  made  for  ventilation  by  carrying  up 

ventilating  flues  with  the  smoke-flues.  The  drains  are  arranged  carefully,  and  are 
disconnected  and  ventilated. 

As  has  been  remarked  above,  the  important  matter  of  lighting  was  carefally 
attended  to  in  planning  the  house.  Another  point  of  almost  equal  importance,  tbat 
of  avoiding  spaces,  internally  and  externally,  calculated  to  promote  the  accumulation 
of  dust  and  dirt,  was  not  lost  sight  of.  From  a  sanitary  point  of  view  nothing  csui 
be  worse  than  the  innumerable  ledges  and  comers,  dark  and  inaccessible,  which 
abound  in  most  London  houses,  new  as  well  as  old,  and  which  seem  puqxjsely 

uri'angod  to  hai'bour  i-efuso  and  diii;^  often  not  of  the  most  savouiy  character,  aod 
always,  be  it  i*ememljered,  liable  to  decay.  It  is  no  exaggeration  to  say  Uiat  in 
a  London  house  all  unuecessaty  angles,  ledges,  and  comei-s  to  which  tlie  light  does 
not  penetrate,  should  be,  as  far  as  possible,  done  away  with.  At  no  season  of 
tLc  year  is  a  London  house  overburdened  with  sunlight ;  there  can  therefore  be 

no  ix>ssible  excuse  for  neglecting  to  provide  window-space  the  most  ample  and 
well  distributed  possible. 

From  a  heating-chamber  in  the  basement,  hot  water  is  supplied  by  pipes  to 
waim  the  conservatory,  billiard-room,  and  passages. 

Externally  the  house  is  designed  in  a  phase  of  what  may  be  called  Free 

Renaissance,  carried  out  in  red  brick.  The  sashes  ai'e  glazed  with  plate  glass,  and  by 
the  adoption  of  this  and  other  modern  improvements  an  endeavour  has  been  success- 

fully made  to  adapt  the  style  to  modem  requirements,  instead  of  resuscitatiug  old 

forms  and  old  featui'es  which  our  forefathers  would  have  gladly  changed  had  they 
had  the  benefit  of  modem  improvements. 

The  cost  of  the  whole  was  about  £7,000. 

HOUSE   IN   FITZJOHN's   AVENUE,    HAMPSTEAD. 

Figs.  140  to  143  illustrate  the  plans  of  a  house  recently  erected  in  Fitzjohn's 
Avenue,  Hami)stead,  from  the  designs  of  Mr.  George  Aitchison,  A.R.A.,  at  a  cost 
of  about  £5,000. 

It  affords  an  example  of  a  suburban  villa  residence — a  class  which  does  not 

receive  the  benefit  of  an  architect's  skill  in  the  design  as  often  as  could  be  desired. 
The  estate  on  which  it  is  erected  has  only  been  laid  out  for  building  purposes 

within  the  last  few  years;  and  the  greatly-increased  value  of  the  land  in  the 
locality  has  had  the  eflcct  of  somewhat  curtailing  the  extent  of  frontage  allotted  to 
each  house.  As  a  consequence  most  of  the  houses  on  the  estate,  including  the  one 

now  under  consideration,  are  planned  with  the  domestic  offices  in  a  half-sunk  storey 
or  basement.  This  arrangement  is  greatly  assisted  by  the  natural  slope  of  the 
ground,  there  being  a  gentle  rise  from  the  Swiss  Cottage  to  the  top  of  Hampstead 
Hill. 

In  the  centre  of  the  front  is  the  principal  entrance,  the  steps  to  which  ajre 
covered  by  an  enclosed  and  projecting  i)orch.     The  kitchen  entrance  is  at  the  side. 

The  basement  storey  contains  a  good  bUliard-room,  25  feet  by  17  feet  7  inches, 
with  a  bay-window  in  addition.  In  connection  with  this  room,  and  approached  by 
a  lobby,  is  a  lavatory  and  water-closet  The  kitchen,  16  feet  8  inches  by  16  fet^t 
6  inches,  with  a  small  scullery  adjoining,  and  a  stoix^-closet^  ai^  placed  togetlier 
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beneath  the  dming-ixx>m,  and  a  serving-lifb  from  the  passage  just  outside  the  kitchen 
affords  oonvenieut  means  of  supplying  the  dining-room,  and  removing  plates  and 
dishes,  (Sec,  tlierefrom.  The  space  beneath  the  front  entnince  steps  and  poi'cli 
is  utilised  as  a  knife  and  boot  cleaning  room,  from  'whicli  is  an  entmnco  to  tho 
coal-cellar  (under  back  stairs). 

At  the  rear  are  the  butler's  pantry,  housekeeper's  room,  and  larder,  also  a 
servants'  water-closet,  and  a  dust-bin,  approached  from  the  oi)en  yard  at  the  side  of 

tho  hon5i>.  A  wine-cellar  which',  though  small,  is  of  sufficient  size  to  hold  a  good 
stock,  is  arranged  in  the  Centre  of  this  storey.  A  wise  economy  of  space  is  effected 
by  not  continuing  the  main  staircase  down  to  the  basement,  a  smaller  staircase 

being  contrived  at  the  side  of  the  billiard-room  in  such  a  way  as  to  land  on  tho 
«;round  floor  in  close  proximity  to  the  pnncipal  entrance.  From  this  landing  one 
door  goes  into  the  outer  hall,  and  one  to  the  inner,  so  that  the  front  door  may  be 
opened  by  the  servant  without  passing  through  the  inner  hall. 

Approaching  the  ground  floor  by  means  of  the  front  entrance,  access  is  gained 
through  an  intervening  lobby  to  the  hall.  This  lobby  is  useful  for  protecting  the 

interior  of  the  house  from  an  in-msh  of  cold  air,  or  gusts  of  wind  when  the  front 
door  is  opened.  On  the  right  of  the  hall  is  the  dining-room,  22  feet  by  17  feet, 
with  a  spacious  projecting  window  of  three  lights.  On  the  left  is  tlie  drawing-room, 
25  feet  4  inches  by  17  feet  9  inches,  with  a  bay  window  in  front,  and  a  single-light 

window  at  the  I'ear.  Behind  the  dining-room  is  the  library,  17  feet  6  inches  by 
15  feet,  with  a  small  recess  o|)ening  out  of  one  comer  for  a  writing-table.  Between 

the  drawing-room  and  the  libraiy  is  the  main  staii-case,  8  feet  wide,  giving  access 
from  the  gi'ound  floor  to  the  first  floor,  and  a  lavatory  and  water-closet  are  formed 
beneatli  the  first  landing.  A  fireplace  is  provided  in  the  hall  for  warming  it  and 

the  staircase ;  and  by  the  side  of  the  fireplace  is  a  dooi*way  to  give  access  to  the 
(garden  by  means  of  a  flight  of  steps.  This  doorway  is  in  closer  proximity  to  the 
water-closet  than  desirable,  but  apparently  it  cannot  very  well  be  otherwise 
arranged. 

On  the  first-floor,  and  over  the  drawing-room,  is  a  bed-ix)om,  dressing-room,  and 
bath-room  with  water-closet ;  and  over  the  dining-ixx>ra  and  library  are  three  more 
bedrroomSb 

The  provision  of  a  fireplace  ui  the  bath-room  is  an  excellent  arrangement, 
though  frequently  omitted  in  houses  of  this  class.  One  of  its  most  valuable  uses  is 

to  remove  from  the  bed-rooms  and  nurseries  tho  airing  of  linen.  The  recess,  which 
on  the  ground-floor  forms  part  of  the  library,  is  on  this  floor  thrown  into  the 

.  b^d-room  over  the  dining-room,  by  which  the  convenience  of  that  bed*room  is  greatly 
increased,  as  the  recess,  though  small,  could  be  used  aa  a  drossing-closet,  or  as  space 
for  a  writing-table. 

The  approach  to  the  upper  floor  is  by  means  of  the  second  staircase,  which  is 
continued  up  from  the  basement.  On  the  landing  between  the  first  and  second 

floors  is  the  housemaid's  doset^  well  lighted  and  ventilated,  and  not  the  mere  dark 
comer  it  too  frequently  is.  Above  this  closet  is  a  tank  for  rain-water.  Tliis  is  an 
imujRial  provision  in  town  houses,  but  as  the  cistern  is  of  slate,  and  contains  a 
filter,  and  the  draw-off  pipe  is  lined  with  tin,  it  is  useful  for  providing  soft  water 
for  shaving  and  toilet  use,  &c.  In  this  top  storey  or  second  floor  will  be  found  two 

servants'  bed-rooms,  one  17  feet  by  IG  feet  6  inches,  and  one  about  12  feet  bv 
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11  feet;  also  a  box-room,  a  cistern-room,  easily  accessible,  and  a  studio,  25  feet 
6  inches  by  18  feet,  having  windows  at  each  end,  and  a  skylight  near  one  end. 

The  whole  of  the  basement  is  concreted,  has  Jennings'  stoneware  damp-coarse, 
and  a  dry  area.  The  roofs  are  close  boarded  and  felted,  the  floors  pugged,  and  the 

ventiUting  gasrtubes  and  outer  cisterns  protected  with  Baatsch's  slag  felt 
The  whole  of  the  drains  are  outside,  and  dischai^e  into  a  ventihiting-chamber  to 

prevent  the  entrance  of  sewer-air ;  the  soil-pipes  are  outside,  and  have  extracting 
cowls;  and  the  rain-water  pipes  and  wastes  deliver  over  drain-interceptons.  A 
galvanised  iron  tank  supplies  the  water-closets,  while  the  drinking,  cooking,  and 
bath  water  is  supplied  from  slate  cistema  Hot  water  is  supplied  to  the  bath, 

the  lavatories,  and  the  housemaid's  scullery  and  butler's  sinks. 
The  billiaixl-room,  drawing-room,  dining-room,  and  main  bed-rooms,  together 

with  the  library  and  studio,  have  Boyd's  hygeastic  grates,  and  are  heated  by 
asbestos  and  gas.  The  dining-room,  drawing-room,  and  library  are  lighted  witii 

Faraday's  ventilating  gas  lamps.  The  dining-room  and  billiard-room  chimneys 
have  flue-pipes  secured  to  the  sides  of  the  flues,  but  leaving  an  oi)en  space 
round  them;  and  in  the  dining-room,  drawing-room,  and  billiard-room,  hit-and- 

miss  ventilators  are  fixed  in  the  chimney-breasts  just  below  the  ceiling  to  carry  ofl* 
foul  air;  these  ventilating  flues  communicate  with  the  outer  air  by  means  of 

gratings  below  the  chimney-caps,  protected  by  galvanised  iron  hoppers. 

The  halls  and  passages  of  basement  and  ground  floor  are  paved  with  Burke's 
marble  mosaic ;  and  the  kitchen,  scullery,  larder,  and  main  kitchen  passage,  as  well 

as  servants'  water-closets,  are  lined  with  white  enamelled  bricks. 

HOUSE   AT   MARINE   PARADE,    BRIGHTON. 

Figs.  144  to  146  illustrate  the  adaptation  from  the  designs  of  Mr.  Bobert  W. 

Edis,  F.S.A.,  F.RLB.A.,  of  an  old  cement-fronted  sea-side  ho\ise  to  modem  ideas 
of  comfort  and  healthy  conditions. 

From  the  exposed  position  in  which  the  house  is  placed,  subjected  to  driving 
rains  and  spray  from  the  sea  during  tlie  winter  months,  and  to  the  glare  of  the  sun 
in  the  summer,  both  of  which  are  intensified  by  local  conditions,  the  most  important 
points  to  be  attended  to  were  to  secure  as  much  as  possible  a  minimum  degree  of 
variation  in  temperature,  and  immunity  from  damp. 

The  old  house  being  fairly  well  built,  it  was  not  deemed  advisable  to  pull  it 
down  altogether.  The  walls  were,  therefore,  left  standing ;  and  in  order  to  gain  the 

desirable  thickness,  they  wei*e  cased  with  thin  i-ed  bricks  and  cut-flint  work,  all  well 
bonded  into  the  old  work,  and  built  in  Portland  cement.  The  upper  floors  were 
faced  with  ornamental  weather  tiling.  These  precautions  have  had  the  desired 
eflect  of  rendering  the  house  impervious  to  driving  wet,  and  also  capable  of  being 
kept  warm  in  winter  and  cool  in  summer. 

The  old  slated  roof  was  removed,  and  a  high-pitched  roof,  covered  with  plain 
tiles,  substituted.  This  alteration  was  made,  however,  before  the  old  roof  was 
removed,  so  that  the  damage  which  is  so  frequently  done  to  houses  undergoing 
alterations  of  a  like  kind,  by  saturation  with  rain  between  the  time  of  the  removal 
of  the  old  and  the  completion  of  the  new  roof,  was  obviated.  The  eaves  are 
brought  well  out  over  the  walls,  and  thus  serve  as  an  additional  protection  against 
rain  and  sun« 
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Marked  and  characteristic  features  in  the  front  are  the  balconies  and  verandah, 

all  executed  in  wood,  and  forming,  as  such  features  should,  but  seldom  do,  essential 
parts  of  the  general  design. 

The  two  upper  floors  were  entirely  gutted,  the  third  floor  raised  two  feet,  and 
a  new  attic  storey  added. 

The  basement  was  re-arranged,  the  two  front  rooms  being  made  into  butler's 
pantry  and  servants'  hall.  On  the  old  yard  at  the  back  were  erected  scullery, 
larders,  &c. ;  and  above  these,  on  the  ground  floor,  a  library ;  and  on  the  upi)er 

floor,  bed-rooms,  bath-rooms^  &c. 

The  hall  was  enlarged;  the  staircase  was  unaltered,  except  that  "petticoat" 
halasters  were  substituted  for  the  old  straight  wooden  ones,  in  order  to  increase 
the  somewhat  confined  space. 

The  whole  system  of  drainage  was  re-arranged,  and  by  a  simple  method  the 
length  of  drain  was  reduced  to  a  minimum,  and  the  whole  of  the  refuse  of  the  house 
reaches  the  sewer  by  the  shortest  possible  road.  The  drains  are  ventilated  and 
disconnected  in  accordance  with  modem  principles  of  sanitation. 

Internally  the  house  was  fitted  up  with  modem  appliances,  and  artistic  deco- 
rations and  fittings  (mantel-pieces,  &c.),  carried  out  from  the  designs  of  the 

architect 

The  cost  of  the  whole  work  was  under  £3,000. 

HOUSE   IN   HAMPSTEAD   HILL  GARDENS. 

Figs.  147  to  150  give  the  plans  of  a  house,  with  studio,  built  for  Thomas  Collier, 

Esq.,  the  well-known  painter,  from  the  designs  of  Messrs.  Batterbury  and  Huxley. 
Situated  on  the  slope  of  the  hill,  advantage  has  been  taken  of  the  formation  of 

the  ground  to  arrange  the  lowest  floor  as  a  half-sunk  basement  in  the  front  where 
the  ground  is  highest^  whilst  at  the  back  the  rooms  are  nearly  on  the  ground 
level 

The  basement  floor  contains  kitchen,  scullery,  larder,  coal-cellar,  beer-cellar,  and 

wine-cellar^  breakfast-room,  and  billiard-room.  The  tradesmen's  entrance  is  on  one 
side,  and  approached  from  the  area  on  the  same  side  aro  the  servants'  water-clo.set 
and  the  dust-lHn.  The  arrangement  of  a  lobby  outside  the  kitchen  and  the  larder, 
prevents  the  approach  to  the  billiard-room,  breakfast-room,  and  garden  entrance 
(which  separates  the  last  two)  from  being  overlooked  from  the  kitchen.  The 

billiard-room  is  a  spacious  room  (24'.0"  x  20'.0"),  lighted  on  three  sides  by  broad 
windows  reaching  well  up  to  the  ceiling ;  the  formation  of  a  skylight,  or  lantern- 
light^  was  precluded  by  the  fact  that  immediately  over  the  billiard  room  is  the  floor 
of  the  studia  It  is  found,  however,  that  the  form  of  lighting  adopted  is  quite  as 

effective  as  a  direct  top  lights  while  for  many  reasons  it  is  very  much  moro  con- 
venient and  pleasant  to  the  eye. 

On  the  ground  floor,  the  principal  entrance  is  in  the  front,  and  is  approached  by 
a  fli^t  of  steps.  Passing  through  an  outer  lobby,  access  is  obtained  through  an 
outer  and  smaller  hall,  in  which  a  small  niche,  semiciroular  on  plan,  and  fitted  with 
shelves  for  decorative  chiua^  dec.,  forms  a  picturesque  and  pleasing  feature,  to  the  inner 
hall,  off  which  the  principal  rooms  aro  arranged.  To  the  left  of  the  inner  hall  are, 

at  the  fto^t,  the  dining-room  (17', 0"  x  20'.0");   and  at  the  back,  thie   drawing- 
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room  (21'.0"  x  17\0")  ;  and  the  studio  (24'.0"  x  20'.U"),  a  spacious  and  weU-lighted 
room,  additional  height  being  obtained  by  taking  it  up  partly  through  the  first 
floor. 

In  the  front  part  of  the  house,  and  to  the  right  of  the  entrance,  is  a  lavatory 

and  cloak-room^  which  forms  a  vestibule  to  a  water-closet  Adjoining  these  is  a 
room  which  serves  the  double  purpose  of  pantry  and  store-room. 

Fig.  149.— First  Floor  Plam. 
Fig.  ISO.—lTpper  Plan. 

Pig.  U7. 
Basement  Flan. 

Housi  nr  Hampstkao  Hul  Oabdiss. 

r.148. Ground  Floor  Plan 

The  first  floor  contains  four  bed-rooms  and  a  dressing-room,  bath-ixwrn,  and 
water-closet.  The  provision  of  a  fire-place  in  the  bath-room  is  a  somewhat 
unusual  but  very  excellent  arrangement  There  is  no  room  over  the  studio,  a 

fact  which  is  accounted  for  by  the  arrangement  for  gaining  height  referred  to 
above. 

Three  spacious  rooms  are  obtained  in  the  roof,  each  of  which  is  dnly  provided 

with  a  fire-place.  A  small  box-room  is  also  provided  at  this  level,  and  a  staircaae 
;ives  ready  and  convenient  access  to  the  root 
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HOUSE  AT  EALING. 

Fig&  151  to  153  are  illustrations  of  a  carefully  planned  detached  house,  de- 
signed by  Mr.  W.  J.  Green. 

The  entrance  is  in  the  centre  and  on  the  soufch  side  of  the  house.  On  either 

side  of  the  entrance  hall  are  the  dining-room  (15'.0"  x  18'.  4"),  and  the  drawing-room 
(15'.0"  X  16':9"},  each  with  a  bay  window.  Behind  the  dining-room,  and  lighted  from 
the  east^  is  the  library  (lo'.O"  x  12'.0").  Behind  the  drawing-room  is  the  staircase, 
at  the  end  of  which  are  arranged  a  china  pantry,  with  sink,  &c,  a  store-room, 
and  a  small  wine-cellar  under  the  stairs.  The  staircase  wall  is  continued  across  the 
liall,  and  so  shuts  off  the  kitchen  offices.  A  glass  door  in  this  wall  opens  on  to  a 
small  lobby,  whence  aeoess  is  obtained  to  the  garden  and  the  kitchen.  In  this 

lobby,  or  "  garden  porch/'  is  a  lavatory  basin  fitted  in  to  the  recess  formed  by  the 
libraiy  fir&plaoe.  The  kitchen  (15'.0"  x  15'.0"),  a  convenient-sized  room,  is  lighted 
from  the  east  Communicating  therewith  are — the  larder,  also  lighted  from  the 
east,  and  the  scullery,  with  sink,  copper,  dca  A  porch  to  the  side  entrance  divides 

the  scullery  from  the  servants'  water-closet^  and  also  gives  access  to  the  coal-cellar. 
TJp-stairB  there  are,  on  the  first  floor,  five  bed-rooms,  a  bath-room,  and  a  water- 

closet;  and  on  the  attic  floor,  four  bed-rooms,  a  housemaid's  closet  and  cistern- 
room,  and  a  large  closet 

While  the  plan  presents  no  very  marked  features  of  originality,  there  is  evidence 
of  a  careful  study  of  detail  which  will  well  repay  examination.  Specially  to  be 
noted  is  the  way  in  which  the  fire-places  on  the  ground  floor  are  worked  in,  with,  in 
one  case,  the  store  closet,  in  another,  a  recess  for  lavatory  basin.  The  position  of  the 
water-closet  on  the  first  fioor  could  not  be  improved  upon,  and  the  provision  of  a 

housemaid's  sink  on  each  bed-room  floor  is  a  most  useful  arrangement 

HOUSES   AT   BALHAM. 

An  example  of  a  semi-detached  house^  erected  from  the  designs  of  Mr.  Henry  Hall, 
the  rental  value  of  which  would  be  about  £70  to  £80,  is  given  in  Figs.  154  to  157. 

The  basement,  which  is  about  3'.  6"  out  of  the  ground,  contains  breakfast-room, 
with  a  store  closet^  kitchen,  scullery,  larder,  wine-cellar,  and  coal-cellar.  Approached 

by  a  lobby  is  the  servants'  water-closet,  while  in  the  open  yard  at  the  side  is  the  dust- 
bin. An  additional  closet  is  also  provided  under  the  stairs.  The  size  and  disposition  of 

the  rooms  is  governed  by  the  floor  abova  It  is  difficult  to  see  how  the  space  could 
have  been  more  advantageously  arranged ;  the  only  point  that  seems  open  to  criticism 
being  the  position  of  the  larder  window  with  reference  to  the  dust-bin.  It  is  within 
the  limits  of  possibility  that  particles  of  decomposing  matter  might  be  blown  from  the 
dust-bin  into  the  larder.  This  is  perhaps  hypercritical,  and,  moreover,  decomposing 
matter  has  no  right  to  be  in  the  dust-bin.  The  ground  floor,  approached  by  a  flight 
of  steps  and  a  porch,  contains  lobby  (with  inner  door),  entrance  hall,  dining-room 

(13'.6"  X  16'.0",  with  bay  window),  drawing-room  (20'.0"  x  U'.O"),  garden  entrance, 
and  water-closet  The  stairs  to  the  basement  are  screened  off  by  a  door  at  the  top. 
The  bay  window  in  the  dining-room  is  a  useful  feature,  giving  space  for  a  writing  or 
work  table  in  addition  to  the  dinner  table.  In  houses  of  this  character,  where  the 

dining-room  is  used  as  the  general  sitting-room  for  the  greater  part  of  the  day 
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(except  where  the  breakfast-room  in  the  basement  is  nsed  for  the  parpoee), 
adjuncts  of  this  kind  materially  increase  the  comfort  and  usefalness  of  Uie  room, 
without  adding  greatly  to  the  cost. 

The  first  floor  contains  one  bed-roonn  12'.0"  x  16'.0",  one  12'.0"  x  14'.0",  and  one 

Fig.  156.^Fint  Floor  Pkn. 

F-ff.  154. 
Basement  Flan. 

I 

i    Fig.  157.    Second  Floor 

—  ftiALI  — 

Fifr.  155. Ground  Plan. 

BSVI-DBTACBVD  HOUtBS  AT  BaUTAV. 

ir.6"x9'.0";  also  a  dressing-room,  a  linen  closet,  and  a  bath-room  and  water- 
closet  combined. 

The  second  floor  contains  two  good  beti-rooms — one  13'.  6"  x  IG'.O",  the  other 
13'.  6"  X  14'.0",  and  another  smaller  one.  The  comer  of  the  sloping  roof  is  utilisetl 
as  a  l)OX-room.  A  door  of  communication  l)etween  the  front  and  back  beil-ix)oms  on 

this  floor  might  easily  be  made  if  these  ixK>m8  were  required  as  nurseries. 

The  staircase  and   the  water-closets  are  both  well  arranged.      The  former  is 
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planned  in  three  flights  to  each  floor,  and  without  the  aid  of  any  winding  steps 
in  the  whole  staircase.  The  position  of  the  water-closets,  separated  from  the  main 
bonse,  and  placed  as  they  should  he  one  over  the  other,  is  admirably  contrived. 
The  ammgement  for  ventilating  the  closets  with  opposite  windows,  by  which  a 
through  current  of  air  is  obtainable,  is  likewise  especially  good.  It  may  be 

contended  that  a  water-closet  in  a  bath-room  is  an  arrangement  to  be  avoided, 
but  it  is  so  commonly  adopted  as  to  leave  little  doubt  about  its  being  free 

from  serious  objection.  There  are  clearly  many  advantages  in  having  a  water- 
cloBet  in  a  bath-room;  the  plumbing  work  is  more  concentrated,  and  the  con- 

venience of  such  an  arrangement  cannot  be  questioned.  Any  objection  on  the 
score  of  cleanliness  would  rest  on  the  abuse  of  the  arrangement  rather  than  on  its 

proper  use. 

Again,  the  fact  that  a  perambulator-  may  have  to  be  stowed  away  somewhere  has 
evidently  not  been  lose  sight  o^  am)>le  space  being  provided  eithex  in  the  lobby  to 
the  front  door,  or  in  the  recess  formed  by  the  basement  stairs. 

These  a))parently  minor  points  are  referred  to  because  they  are  just  those 
important  details  which  so  rarely  receive  the  attention  they  demand  from  the 

designers  of  the  ordinary  speculating  builder's  house ;  and  only  those  people  who 
have  had  the  advantage  of  living  in  a  well-designed  house  can  point  out  the 
vast  increase  of  comfort  that  might  be  afforded  by  more  careful  study  of  these 
(IptailsL 

The  soil  upon  which  these  houses  were  built  was  clay,  the  clay  which  was  dug 

out  for  the  foundations  being  burnt  and  gi'ound  in  a  mortar-mill  with  lime  for 
mortar,  and  also  used  for  paths.  The  materials  used  for  the  walls  were  stock 
brickR,  with  red  brick  facings  and  Bath  stone  dressings.  The  whole  of  the  walls 

rest  on  concrete  foundations  about  2'.  6"  dee]),  and  a  stratum  of  concrete  six  inches 
thick  was  laid  under  the  whole  area  of  the  house.  A  damp-proof  course  of  Seyssel 
asphalte  was  laid  over  the  walls  at  the  ground  level,  and  open  ait»8  were  foimed 
at  front  and  back,  and  dry  areas  at  the  sides. 

The  cost  of  each  pair,  exclusive  of  fencing  and  front  boundary-wall,  was 
about  £2,475 ;  the  fencing  and  front  boundary-wall  amounting  to  about  £1 10 
additional 

HOUSE  AT  WOKING. 

Tliis  is  a  small  country  house,  erected  from  the  designs  of  Mr.  Henry  Hall 
(Figs.  158  and  159).  It  is  built  on  the  top  of  a  hill,  and  considerable  additional 
expense  was  thereby  incurred  in  excavation  and  in  forming  retaining  walls. 

The  house  had  to  be  so  planned  that  the  sitting-rooms  should  command  extensive 
and  beautiful  views,  and  this  rendered  it  necessary  that  the  drawing-room  and  the 
dinmg-room  should  face  the  south. 

The  entrance  ia  on  the  east ;  an  enclosed  porch,  with  a  seat  on  either  side,  gives 
access  to  the  front  door.  Immediately  within  the  latter  in  a  vestibule,  from  which 

access,  is  obtained  on  the  left  hand  to  the  lavatory  and  cloak-ittom,  and  an  earth 
closet.  In  this  lavatory  is  an  urinal  baain,  caaed  in  with  woodwork.  Entering  the 

hall  on  the  right  is  the  dining-room  (17'.0"  x  14'.0"),  with  a  bay  window  towards  the 
f^ist  Beyond  this  is  the  drawing  room  (13'.  6"  x  16'.0"),  also  with  a  bay  window,  but 
String  southwards.     Next  to  the  drawing-room  is  the  libraiy  (13'.0"  x  11 '.6"),  with  a 
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French  window  opening  into  the  garden.  On  the  left  of  the  hall  a  small  wine 
store  is  provided,  bejond  which  is  the  door  of  communicatiou  with  the  kitchen 

offices.  Those  last,  on  a  slightly  lower  level,  consist  of  kitchen  (14'. 6"  x  IT. 6"), 
with  a  largo  store  closet,  scnllerj  (with  sinks  and  copper),  and  larder.  A  lobbj 

between  the  kitchen  and  the  two  last-named  offices  gives  access  to  the  kitchen 

yard,  at  one  extremity  of  which  will  be  found  the  servants'  earth  closet ;  whilst 
at  the  other  a  shed  forms  coal-store  and  pump-room.  The  well  is  shown  just 
outside  the  pum|>-room,  and  is  sixty  feet  deep.  In  the  angle  of  the  yard  is  the 
dust-bin. 

A  conveniently-arranged  flight  of  stairs,  devoid  of  winding  steps,  gives  access  to 
the  bed-room  floor.  The  bed-rooms  are  four  in  number,  and  by  the  diminished  thick- 

ness of  the  walls  on  this  storey,  are  slightly  larger  than  the  rooms  beneath  them. 

Over  the  vestibule  and  wine-store,  and  the  passage  to  the  lavatoiji  is  a  dreasing- 

b  Floor  Pkn. 
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room,  in  which  is  a  bath  with  hot  and  cold  water  laid  on.  At  the  head  of  the 

staircase,  a  specially  contrived  linen-store  is  antinged.  Tlie  water-closet  and  slop- 
sink  are  entered  from  the  second  landing  above  the  ground  floor. 

The  walls  on  the  ground  floor  are  all  faced  with  red  bricks,  the  upper  part  being 

built  of  local  bricks  nine  inches  thick,  and  faced  with  weather-tiling.  The  roof  is 
covered  with  plain  tiles.  The  drainage  is  taken  to  a  cess-pool  about  100  yards 
distant,  at  the  bottom  of  the  hilL 

The  cost  of  the  house,  exclusive  of  approaches,  retaining  walls,  excavation  of 
bank,  and  the  formation  of  well,  was  £1,785.    The  cost  of  the  well  was  «£123. 

A    "bungalow"   at   WESTCLIFP,    BIRCHINQTON-ON-SEA,   THANET. 

Fig.  160  is  the  plan  of  a  house  of  a  somewhat  unique  character,  erected  from  the 
designs  of  Mr.  John  Taylor.  It  is  intended  as  a  summer  residence  for  a  family, 
or  as  a  private  sanatorium,  the  situation  being  peculiarly  favourable  for  such  a 

pui'pose  from  the  Jnvigorating  quality  of  the  air. 
The  idea  in  view  was  to  produce  an  arrangement  that  should  be  capable  of 

afibrding  the  greatest  comfort  with  the  least  amotint  of  household  labour,  and  at  as 

small  a  cost  as  possible,  consistently  with  sound  work,     Following  out  this  idea, 
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the  whole  of  the  Louse  is  planned  on  the  gi'pund  floor,  and  is  covci'cd  by  one 
continuous  roof,  which  is  of  the  simplest  possible  form  and  construction. 

The  principal  entrance  is  at  the  side,  tliere  being  in  addition  a  tradesmen's 
entrance  dose  to  the  kitchen  offices,  and  a  garden  entrance  at  the  end  of  the 

bed-room  corridor.  Occupying  the  whole  of  one  end  of  the  house  are  the  dining 
and  drawing-rooms,  the  former  with  a  deep  recess  for  the  sideboard,  in  the  centre  of 
which  Lb  a  serving  hatch,  communicating  with  a  serving  lobby.  This  latter  has 
direct  communication  with  the  kitchen,  of  which  it  is  in  fact  a  recess,  and  also  by 
means  of  a  window  with  the  scullery.  In  immediate  connection  with  the  kitchen 

ure  the  scullery,  larder,  beer-cellar,  and  coal-stora 

Opposite  the  di*awing-ix)om  is  a  smaller  room,  which  is  intended  to  be  used 
cither  aa  library  or  bed-i*oom. 

A  coitral  corridor  gives  access  to  the  bed-ix)oms,  eight  in  number,  eacn  of  which 
is  provided  with  a  fire-place. 

The  closets  are  Moule's  earth  closets,  the  tanks  or  receptacles  to  which  aro 
removed  and  emptied  from  the  outside.  The  slop  drainage  is  conveyed  to  a  ecus- 
\wA  sunk  in  the  chalk.  The  water  supply  is  derived  from  a  well  sixty  feet  deep, 
and  from  a  tank  in  which  is  stored  the  whole  of  the  rain-water  from  the  surface  of 
the  roof. 

The  main  difficulty 'to  be  overcome  in  the  construction  of  the  house  was  the 
penetrating  nature  both  of  the  driving  rains  and  the  sea-spray.  All  ordinary 
methods  failing,  Mr.  Taylor  devised  a  mode  of  fonuing  an  upiiglit  damp-proof 
courbe,  which  has  proved  peifectly  successful.  It  consists  of  vertical  slabs  of  slate 
built  up  the  centre  of  the  wall,  the  bond  beuig  maintained  by  means  of  iron  ties, 
which  serve  also  as  chaii*s  in  which  to  i*est  the  slate  slabs. 

HOUSE  AT  BRIGHTON. 

Kgs.  161  to  164  illustrate  an  excellent  arrangement  of  a  school,  designed  by  Mr. 
H.  J.  Winchester,  for  a  limited  number  of  young  ladies,  in  Wilbury  Koad,  West 
Brighton,  so  as  to  have  all  the  appearance  of  a  private  house.  As  will  be  seen 
from  the  plan,  the  dormitories  are  antinged  so  that  many  of  the  2>upils  liave 
a  bed-room  to  themselves,  while  a  few  of  the  ix)onis  am  arranged  to  be  occupied  by 
two  sisters ;  and  thus  a  total  of  from  twenty-seven  to  thirty  pupils  can  be  accom. 
modiited. 

The  lowest  stoi'ey  is  a  half-sunk  basement  containing,  besides  the  usual 
domestic  offices,  an  excellent  i*efectoi*y  and  play«room  35  x  18  feet.  The  school- 

room, immediately  over  the  refectory,  is  a  good  room,  with  windows  in  its  opix>site 

end  walls,  and  affords  the  ample  amount  of  twenty  feet  of  floor- space  to  each  pupil 

'^hea  they  are  all  in  the  ix>om  at  one  time.  It  is  11  feet  9  inches  high,  and  is 
warmed  by  two  ventilating  grates.  The  water-closets,  which  are  fitted  with  the 

'* Wash-oat"  apparatus,  are  arranged  in  a  projection  from  the  rear  of  the  staii*case; 
and  in  the  upper  part  of  this  projection  are  the  baths,  which  ai*e  fitted  with  shower* baths. 

An  important  feature  in  this  school  is  the  annexe  at  one  side  of  the  house* 
Tliis  wing,  which  is  intended  as  a  kind  of  infiimary,  with  the  exception  of  double 

dwrs  direct  from  the  princijMirs  own  bed-room,  in  accessible  only  by  an  external 
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approach  from  the  garden.  It  is  only  two  storeys  high  above  ground,  while  tlie 
house  itself  is  four  storeys  in  height  above  the  basement  In  this  annexe  can  be 
isolated  any  pupil  immediately  any  disorder  is  detected,  and  thus  the  health  of  the 

other  pupils  is  protected  from  all  danger  of  taking  even  the  most  trivial  complaint 

that  might  be  communicated  from  one  to  another.  The  value  of  such  an  arnin^- 
ment  has  over  and  over  again  been  proved,  and  while  the  isolation  is  complete,  Uie 
youthful  patient  is  not  deprived  of  the  care  and  attention  of  the  principal  herself. 
The  basement  of  this  annexe  having  no  communication  whatever  with  the  up^ier 

storeys,  affords  convenient  space  for  the  children's  garden  clothes,  boots,  &c, ;  and  a 
front  room  is  also  here  set  apart  as  a  box-room  for  the  pupils'  luggage,  which  is 
brought  in  at  one  of  the  windows  dii'ect  from  the  road,  and  thus  all  difficulty  of 
taking  the  boxes  up-staira  is  got  rid  of. 

The  entire  building  is  generally  of  a  plain  and  substantial  character ;  tlie 
external  walls  are  faced  with  a  waterproof  brick  that  has  been  patented  by  the 

architect,  which  tends  to  protect  the  houiie  fivm  the  driving  luins  and  changes  in 
external  tempeiutui^ 
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CHAPTER  XXL 

PARSONAGES. 

Pecolkr  Giiviunstaiices  and  BeqatrementB  of  Parsonages — Bnles  and  Instmotions  of  the  Eoolesiastioal 
Commissionen— Examples  at  Forest  Row  and  Kirdford. 

In  diacoasiiig  the  arrangements  of  an  ordinary  country  parsonage  it  is  necessary 
to  bear  in  mind  the  special  circumstances  which  distinguish  this  class  of  house  from 
other  houses  of  similar  dimensions. 

The  principal  distinctive  feature  about  a  parsonage  is,  that  it  is  inhabited  by  a 
saccession  of  owners  whose  circumstances  may  be,  and  frequently  are^  widely 
different.  While  the  amount  of  the  income  of  the  living  remains  fixed  within 

certain  limits,  the  actual  income  possessed  by  any  one  occupant  may,  on  the '  one 
hand,  be  restricted  to  that  amount,  or,  on  the  other  hand,  it  may  be  considerably 
greater  by  reason  of  private  means  possessed  by  the  incumbent.  The  tenure  also  of 

a  parsonage  is  peculiar.  It,  together  with  the  glebe,  belongs  to  the  incumbent  abso- 

lately  bo  long  as  his  incumbency  lasts. '  While,,  however,  the  incumbent's  tenure  is 
freehold  so  long  as  it  endures,  he  (or  his  executor),  is  liable  to  his  successor  to  deliver 
up  the  building  at  the  determination  of  his  incumbency  in  a  perfect  state,  without 
allowance  even  for  wear  and  tear.  The  effect  of  this  system  makes  the  incumbent 
at  onoe  both  tenant  and  landlord.  The  necessity,  therefore,  for  building  parsonages 
in  the  most  substantial  manner  possible  is  obvious.  Another  no  less  important  con- 

sideratLony  involved  by  the  pco  iliar  cii*cumstances  of  the  holding,  is  that  the  size  and 
character  of  the  house  must  always  bear  a  due  proportion  to  the  value  of  the  living. 
In  building  or  altering  a  parsonage,  regard  must  always  be  had,  not  to  the  special 

circumstances  or  requirements  of  any  one  particular  incumbent,  but  to  the  reason- 
able requirements  of  an  incumbent  solely  dependent  on  the  income  belonging  to  the 

living.  It  will  readily  be  understood  that  if  this  rule  were  not  strictly  observed,  a 
rich  incumbent  of  a  poor  benefice  might  burden  his  successors  with  a  house  costly  in 
maintenance  and  repairs,  and  quite  beyond  their  means  to  keep  up.  Again,  an 
unmarried  incumbent  might  build  a  house  in  every  way  suitable  to  his  own  require- 

ments as  a  bachelor,  but  utterly  inadequate  for  the  accommodation  of  a  married 
parson  with  a  young  and  niuneroiis  family. 

The  first  point,  therefore,  to  ascertain  in  designing  a  parsonage-house  is  the 
value  of  the  living.  This  preliminary  being  settled,  the  important  points  to  be  kept 
in  view  are,  firsts  to  fit  the  accommodation  to  the  income  derivable  from  the  living, 
and  secondly,  to  adopt  as  durable  a  mode  of  construction  as  possible  in  every 
particular,  and  thus  avoid  to  the  utmost  all  necessity  for  periodical  expenditure  in 
repaira. 

It  may,  however,  be  advisable^  under  certain  circumstances,  to  build  a  parsonage 
of  somewhat  small  dimensions,  and  to  arrange  it  with  a  view  to  future  enlargement. 
This  con  readily  be  accomplished  by  inserting  brest-summers  or  lintels  for  future 
bay  windows,  by  making  the  roof  large  enough  to  admit  the  addition  of  attics,  and 
by  other  arrangements  to  allow  of  subsequent  extensions.  When  the  future 

20 
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formation  of  attics  is  contemplated,  the  ceiling-joists  of  the  upper  floor  will 
necessarily  have  to  be  of  sufficient  strength  to  serve  as  floor-joists  when  the  attics 

are  formed.    * 

The  "Rules  and  Instructions  respecting  Parsonage-Houses,"  issued  hj  the 
Ecclesiastical  Commissioners,  are  so  practical  and  to  the  point,  that  no  apology  is 

needed  for  quoting  somewhat  largely  firom  them.  It  will  be  found,  moi^eover, 
that  although  they  are  issued  with  special  reference  to,  they  by  no  means  apply 

solely  to  parsonage-houses;  they  are  equally  valuable  in  most  instances  when 
applied  to  any  kind  of  house,  and  especially  to  country  houses  of  a  small  or 
moderate  size. 

Referring  to  the  amount  of  accommodation  to  be  provided,  the  Commissioners 

recommend  that  there  should  be  **two  sitting-rooms,  not  less  than  16  feet  by  14  feet; 
a  study  about  14  feet  by  12  feet ;  a  kitchen,  and  a  scullery,  and  not  fewer  than  five 

bed-rooms^  each  bed-room  having  a  fireplace.  There  should  also  be  a  pantry  or  china- 

closet,  larder,  water-closet,  wine  and  beer  cellar,  coal-house,  dust-bin,  ko,^ 
The  above  dimensions  will,  of  course,  have  to  be  varied  as  circumstances  suggest ; 

it  will,  however,  in  practice,  be  found  advisable,  at  least  in  country  parsonages  where 

no  special  parish-room  ia  provided,  to  make  the  dining-room  somewhat  larger  than 
the  above  dimensions,  in  order  that  it  niay  be  more  conveniently  available  for  the 

meetings  of  clergy,  parishioners,  and  others,-  which  so  frequently  occur  in  a  country 
parsonage. 

The  other  sitting-room  will,  of  course,  be  the  drawing-room,  and,  as  such,  calls  for 
no  special  remark ;  it  should,  however,  be  borne  in  mind  that  both  these  rooms 
must  have  a  cheerful  and  sunny  aspect. 

The  study  is  a  room  of  special  importance  in  a  parsonage,  and  its  position  and 
arrangement  demand  no  little  attention  on  the  part  of  the  architect  Being  the 

parson's  workroom,  it  must  be  so  placed  that  its  occupant  niay  be  undisturbed  by  the 
noise  of  the  household.  Being  also  the  room  where  parish  business  is  transacted, 
and  where  interviews  between  the  clergyman  and  his  parishioners  ordinarily  take 
place,  it  must  be  easily  accessible  both  by  the  front  and  back  doors.  As  a  role,  the 
size  given  by  the  Commissioners  will  be  found  to  be  ample ;  occasionally,  however, 
space  has  to  be  found  for  a  large  library  belonging  to  the  parish,  and  the  dimensions 
of  the  study  must  be  regulated  accordingly. 

The  servants'  offices  will  not  difler  materially  from  those  of  any  ordinaiy  house 

of  a  similar  siza     It  should,  however,  be  remembered  in  planning' the  back  entrance 
that  the  callers  at  a  parsonage  are  somewhat  numerous ;  and  while  some  provision 
in  the  shape  of  a  porch  or  lobby  niay  conveniently  be  made  for  the  acoonunodation 
of  people  waiting,  the  view  of  the  kitchen  offices  should  be  efiectually  screened  from 

the  back  door.     Where  there  is  a  parish-room  attached  to  a  parsonage,  the  sajne 
lobby  may  conveniently  serve  both  for  it  and  for  the  back  door.     In  additiou  to  the 

servants'  offices  mentioned  in  the  "  Rules,"  a  dairy  will,  in  most  country  parsonages, 
have  to  be  provided;  also  a  wood-house,  and  space  to  store  dry  earth  for  winter 
consumption  in  the  earth-closets,  when  such  closets  are  adopted.     To  the  five  bed- 

rooms recommended  by  the  Commissioners  as  a  minimum  provision,  a  dre8sing--room, 
large  enough  to  serve  as  a  bed-room  if  required,  may  be  added  with  advantage  ;  and 
it  should  also  be  held  in  view,  in  arranging  the  bed-rooms,  that  it  is  within  the  limits 
of  possibility  that  two  of  them  may  be  required  for  use  as  nurseries. 
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A  Tory  oonvenient  adjunct  not  mentioned  by  the  Commissioners  is  a  back 

staircase,  or  at  least  a  portion  of  one — that  is,  from  the  ground-level  to  the  first 
landing.  Where  any  of  the  sitting-rooms  are  on  the  first  floor,  the  back  staircase 
ought  to  go  the  whole  height  of  the  storey. 

The  parish-room  forms  a  most  useful  adjimct  to  a  country  parsonage.  An  example 

of  such  a  room  will  be  seen  in  the  plan  of  Forest  Row  Vicarage  (page  246).  '*  This 
does  not^"  as  Mr.  Lacy  W.  Ridge  remarks,*  ''  mean  a  small  public  hall,  such  as  that 
attached  to  the  church  of  Whitechapel,  or  those  which  some  London  clergymen  have 

pi-ovided ;  but  a  rough  room,  suitable  for  night-schools,  choir-practices,  and  similar 
meetings,  to  which  people  will  come  in  their  working  clothes — a  place  where 

mothers'  meetings  may  be  held,  the  parish  lending-library  kept,  soup  distributed, 
blankets  served  out,  and  the  hundred  and  one  things  done  of  which  a  rural 

parsonage  is  the  centre."  The  proper  place  for  the  parish-room  will  be  dose  to 
the  back  entrance,  and  within  easy  access  of  the  study,  in  connection  with  which  it 

may  usefully  serve  as  a  waiting-room. 
In  all  arrangements,  whether  of  planning,  or  details  of  construction  and  fittings^ 

the  main  point  of  economy  of  labour  must  never  be  lost  sight  of;  and  while  pro- 
viding windows  and  doors  in  ample  numbers,  and  in  the  most  convenient  positions, 

regard  must  always  be  had  to  such  matters  as  curtains,  glass,  and  likewise  to  the 
number  of  shutters,  bolts,  ̂ ,  to  be  moved  twice  daily.  All  needless  labour,  both 
in  the  internal  economy  of  the  house  and  in  its  maintenance,  should  most  carefully 
be  guarded  against ;  and  upon  the  latter  point  the  Commissioners  have  a  rule  of 

veiy  great  value  : — '^  The  law  of  dilapidations  affecting  ecclesiastical  houses  of 
residence  renders  it  essential  that  particular  attention  should  be  paid  to  stability ; 
and  with  a  view  to  economy,  and  the  avoidance  of  dilapidation  risks,  the  Commis- 

sioners strongly  recommend  that  ornamental  features  should,  as  much  as  possible, 

be  avoided." 
The  following  are  the  rules  laid  down  by  the  Commissioners  for  the  construction 

of  parsonages : — 

"  All  external  walls  to  be  of  hard,  well-burnt  brick,  or  stone,  but  without  any 
coating  of  cement  or  rough  cast ;  if  of  brick,  to  be  not  less  than  fourteen  inches ; 

if  of  stone,  not  less  than  twenty  inches  thick ;  internal  walls,  brick  (nine  inches), 
stone,  rubble,  or  random  course  of  proportionate  thickness. 

'*  In  exposed  positions  the  thickness  of  external  walls  on  the  weather  sides  must 
be  increased  according  to  local  requirements.  Such  walls  may  be  built  hollow,  great 

care  being  taken  to  bond  them  properly,  especially  under  the  wall-plates;  and 
^{pecial  provision  must  be  made  for  protection  of  window  and  door  openings  by  a 
weather-proof  course  built  in  over  each.  The  bonding-ties  in  hollow  walls  must  be 
impervious  to  damp. 

^*  Battening  may  be  used  when  the  nature  of  the  materials  of  which  walls  are 
built  requires  it,  for  avoidance  of  internal  dampness ;  but  it  is  worse  than  useless 
when  applied  to  walls  not  first  made  water-proof 

"  In  all  waUs,  external  or  internal,  a  course  of  slate,  laid  in  cement,  «asphalte,  or 
some  other  impervious  material,  must  be  inserted  above  the  ground-line  through 
their  entire  thickness,  to  prevent  the  damp  rising.     Gratings  to  be  provided  for 

*  Paper  on  Panonages,  read  before  the  Archceological  ABtooiatioii,  January,  188L 



244 OUR   HOHB& 

ventilation  under  floors,  to  >>e  so  placed  as  to  ensure  a  perfect  current  of  air  below 

the  joista 
"Stone  or  brick  to  be  used  for  all  chimney-stacks,  copings,  external  cornices, 

ornaments,  &c.,  and  five-pound  lead  for  all  flashings,  dbc.  Cement  or  zinc  for  any  of 
the  above  purposes  will  not  be  allowed. 

**  Basement  stairs  to  be  of  stone,  slate,  or  suitable  bricks. 
*'  All  hearths  to  be  laid  on  brick  trimmer  arches  or  rough  stone  slabs. 
"  Drains  to  be  constructed  with  glassed  stoneware  pipes,  with  socket-joints  not 

less  than  six  inches  in  diameter  for  foul  drainage,  or  four  inches  for  rain-water,  and 

to  be  carefully  trapped  where  necessary.  Overflow  drains  from  rain-water  tanks 
must  not  be  connected  with  any  sewage  or  foul  water  drain. 

**No  main  partitions  to  be  constructed  of  wood,  either  in  the  basement  or 
ground  floor. 

**  Baltic  wood  or  oak  to  be  used  in  the  roofs,  joists,  and  partitions,  and  all  other 

constructive  parts  of  the  house ;  also  for  all  external  joiners'  work  and  floors. 
*<  The  sills  of  all  wood  window-frames  to  be  of  oak. 

No  joists  or  i^afters  to  exceed  one  foot  apart  in  the  clear. 
The  scantlings  of  joists  for  floors  to  be  not  less  than  Ls  indicated  by  the  follow- 

ing table : — 

(C 

(( 

Length  of  bearing 
in  feet. 

Breadth  8|. Length  of  bearing 
in  feet. 

Breadth  2}. Length  of  bearing in  feet. Breadth  2}. 

6 
6 
7 
8 
9 

Depth  in  inohee. 
5 

P 
10 
11 
12 

13 
14 

Depth  in  inohee. 
8 

P 

15 

16 

17 

18 

Depth  in  inches. 

lOi 

11 

12 
12  X  3 

"  When  the  length  of  bearing  exceeds  eight  feet,  the  joists  must  be  strutted  by 
one  row,  and  when  it  exceeds  twelve  feet,  by  two  rows  of  struts. 

"As  the  construction  of  the  roof  will  depend  upon  the  design  of  the  house, 
no  table  of  scantlings  is  given,  but  the  timbers  must  be  strong,  and  of  a  substance 
proportionate  to  the  foregoing  table.  The  unsupported  bearing  of  purlins  must  not 
exceed  ten  feet  Convenient  means  of  access  to  the  interior  of  roofs  and  to  all  lead 

gutters  to  be  provided. 

"  Roof  covering  to  be  of  slate,  stone,  or  tiles ;  all  slate  to  be  fastened  with 
copper  naila     The  interior  of  roof-covering  to  be  pointed. 

**  Cisterns,  when  not  of  stone  or  slate^  to  be  lined  with  lead  ;  the  sides  to  be  of 
six  pounds,  and  the  bottom  of  eight  pounds  to  the  foot  superficial,  at  the  least. 

"  Middle  roof  and  parapet  gutters  to  be  of  seven-pound  lead.  Eaves^  gutters, 
and  rain-water  pipes  to  be  of  cast  iron. 

"  Wood  and  iron  work  to  have  four  coats  of  paint  throughout ;  but,  if  preferred, 
internal  woodwork  may  be  varnished  only,  or  stained  and  varnished." 

One  or  two  points  with  reference  to  the  foregoing  most  excellent  rules  may  be 
noticed.  First,  as  regards  walls,  the  rules  seem  to  preclude  the  possibility  of 
building  external  brick  walls  of  a  less  thickness  than  fourteen  inchea  In  practice, 
however,  it  is  quite  permissible,  and,  indeed,  often  desirable,  both  for  appearance 
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»nd  diynen,  to  build  the  walls  of  thn  upper  storeys  of  fi-inch  brickwork,  faced  with 
wefttfaer-tiling.  To  economiRe  materials,  the  bricks,  if  fairly  square,  may  be  laid 
on  edge,  Flemish  bond,  but  with  the  intermediate  brick  omitted  (see  Fig.  15). 
Tlie  tiles  can  be  nailed  to  the  joint  ot  the  brickwork.  When  this  method  is 
adopted,  and  tbe  lowest  courses  of  weather-tiles  project  sufficiently,  the  three  oourees 
of  brickwork  below  the  w&ll-plate  can  be  built  solid  ;  this  will  give  a  aolid  bearing 
for  the  wall-plate  and  joist,  and  the  weather-tiling  will  keep  the  work  dry. 

Battening  is  permitted  by  the  rules  ;  it  would,  however,  have  been  better  to 
hsTB  prohibited    it  altogether.       With    a  properly-constntcted  hollow  wall  there 

Ewrroui  Ticmai. 

IS  nally  no  oeoeasity  for  its  use,  and  it  is  most  objecUonable  from  many  causes, 
amongst  the  most  prominent  being,  that  the  space  between  the  wall  and  the 
boarding  or  canvas  is  an  inevitable  harbour  for  vermin,  and  that  in  re-papering  the 
amvas  of  a  battened  room  the  temptation  to  leave  the  old  paper  unremoved  b 
often  too  great  to  be  resisted 

As  practical  illustrations  of  the  foregoing  remarks,  the  plans  of  two  Sussex 
pusonages  are  given  :  one  at  Forest  Bow  being  rather  larger,  the  other  rather 
smaller  than  the  average. 

Forest  Row  Ticarage,  near  East  Grinstead  (erected  from  the  designs  of 
Mr.  laty  W.  Ridge,  F.R,I.B.A.,  Diocesan  Surveyor  for  Chichester),  is  a  specimen 
of  a  moderate-sized  parsonage,  with  a  parish-room  attached. 

The  entxance-front  faces  north-west,  whilst  the  aspect  of  the  sitting-rooms  is 
Hnth-east  and  south-west 

The  front  door  opens  into  a  lobby,  off  which  is  a  water-oloaet  and  lavatory,  and 

thctun  into  a  halL     On  the  right  is  the  study,  1 4'  0"  x  1 2'  6"— the  size  recommended 
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by  the  £k;clesia8tical  CommiHsioneni.     The  hall  is  warmed  by  a  stove  in  the  angle 

formed  by  the  projection  of  the  drawing-room. 

Immediately  behind  the  study  is  the  drawing-room,   18'   6"  x  15'  0",  inik  a 
projecting  window,  facing  south-east.     Adjoining  this  again  is  the  dining-room 

20'  0"  X  1 4'  0",  having  the  same  aspect^  and  furnished  with  two  doors,  one  opening 
into  the  hall,  the  other,  designed  as  a  serving-door,  into  the  kitchen  passage. 

The  parish-room,  15'  6"  x  12'  0",  is  arranged  dose  to  the  side  entrance,  but 
not  so  as  in  any  way  to  mar  the  privacy  of  the  servants'  quarters. 

The  larder,  pantry,  kitchen,  and  scullery  are  all  grouped  together  in  a 

convenient  manner;  and  the  cleaning-room  (for  knives,  boots,  &c)  and  the 

servants'  earth-closet  are  approached  from  the  scullery  by  a  small  intervening 
lobby,  which  serves  at  once  the  purposes  of  privacy  and  disconnection. 

A  back  staircase  leads  from  the  kitchen  passage  to  the  bed-rooms  on  the  first 
floor,  and  is  continued  to  the  attics. 

Of  bed-rooms  there  are,  on  the  first  floor,  six,  with  a  dressing-room  in  addition ; 
and  on  the  upper  floor,  two,  with  space  in  the  roof  to  serve  as  box-room. 

The  construction  of  the  house  is  simple,  but  effective.  Kag-stone,  with 
red  brick  facings  to  the  windows,  on  the  ground  floor;  9-inch  brickwori^  faced 

with  weather-tiling,  to  the  upper  floors ;  and  the  roofs  covered  with  plain  tiles, 
with  ornamental  ridges  and  fixiials  of  the  same  material,  complete  the  list  of 
materials  so  far  as  the  exterior  is  concerned. 

Kirdford  Vicarage,  in  Sussex,  by  the  same  architect,  is  a  somewhat  smaller 

house,  aiid  has  no  parish-room  attached  to.  it.  Being,  therefore,  likely  to  be  of 
more  general  service  as  an  ordinary  detached  house,  as  well  as  for  its  owti  special 
design,  the  plans  are  given  on  a  larger  scale.  The  arrangements  are  somewhat 

similar  to  those  of  the  Forest  Row  house,  but  the  construction  is  simpler  in  treat- 

ment, the  ground  storey  being  enclosed  with  hollow  brick  walls  instead  of  stone.* 

*  For  much  valuable  informatioEi  on  the  subjeot  of  Panonages  we  are  indebted  to  Mr.  Imj 
W.  Bidge,  Diooeian  Surveyor  for  Ohichester. 
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CHAPTER    XXIL 

LARGE   HOUSES   AND    MANSIONS. 

Beaidence  of  Sir  Henry  Peek,  in  Devonflhire — Example  of  an  old  House  re-modelled. 

Houses  of  this  kind  are  almost  invariably,  as  a  rule,  designed  and  superintended  by 

the  best  architectural  skill  of  the  day,  the  design  being  suited  to  the  special  circum- 
stances and  requirements.  Accordingly  only  one  example  of  a  first-class  modem 

ooontry  residence,  designed  according  to  the  best  modem  methods,  is  given  ;  and  as 
in  some  degree  a  contrast,  but  with  useful  practical  lessons  of  its  own,  portions  of 
the  plans  of  an  imposing  town  residence  are  also  given,  built  in  any  but  a  sanitai^ 
mamier,  indicating  how  the  evils  thus  caused  were  as  far  as  possible  mitigated. 

ROUBDON. 

Rousdon^  Devonshire,  is  a  house  now  approaching  completion  for  Sir  Henry 
Peek,  Bart,  M.P.,  from  the  designs  of  Messrs.  Ernest  George  and  Peta  It  is  selected 
for  illustration  as  being  an  example  of  a  lai^  and  very  complete  modem  country 
mansion.  Its  completeness,  indeed,  may  be  said  to  be  unique,  for  the  boundaries  of 
the  estate  itself  are  exactly  co-termrnous  with  the  parish  of  Rousdon,  the  church 
having  been  rebuilt  by  Sir  Henry  Peek,  and  serving  alike  for  parish  cliurch  and 
private  chapeL 

The  house  is  situate  at  the  south-east  comer  of  Devonshire,  about  three  miles 
^m  the  interesting  old  town  of  Lyme  Regis,  Dorset.  It  is  on  the  top  of  a  cliff 
about  400  feet  above  the  sea-level,  the  grounds  beneath  comprising  a  beautiful  bit 
of  underclif^  by  a  pony  drive  through  which  access  is  gained  to  the  beach. 

The  house  is  a  long,  low,  and  many-gabled  structure  of  great  picturesqueness, 
and  designed  specially  with  a  view  to  stand  the  stress  of  wipd  from  the  sea.  The 
style  is  late  Tudor  treated  with  freedom  and  originality.  The  main  block  is 

I'^ectanguliur,  with  the  rooms  ranged  round  a  central  courtyard  42  feet  square.  In 
the  middle  of  this  court  is  an  ancient  well,  over  which  is  a  marble  curb  and  a  cover 

of  wrought  copper-work.  A  wheel  is  arranged  for  lowering  a  man  to  the  pumping- 
gear,  which  is  worked  by  steam. 

The  principal  rooms  are  ranged  along  the  south  side  of  the  house,  towards 
the  sea.  On  this  and  the  east  front  a  broad  terrace  walk  is  constructed,  an 

unngement  rendered  possible  by  the  fall  of  the  ground  from  north  to  south. 
A  striking  feature  on  this  frx>nt  is  the  group  of  three  wide  and  lofty  bay 

windows  running  up  through  three  storeys. 
The  approach  is  from  the  north  side  through  a  square  enclosed  courtyard.  The 

entrance-doors  are  sheltered  by  a  carriage-porch  enclosed  with  stone  piers  and 
arches,  which  carry  a  gabled  superstructure  of  half-timber  work.  The  timber  used 
here  is  teak,  and  the  panels  are  filled  with  decorative  parget- work 

Entering  at  the  principal  door,  access  is  gained  to  the'  great  hall,  66  feet 
long  by  26  feet  wida  At  the  end  nearest  the  entrance  is  a  minstrels'  gallery,  the 
part  below  the  gallery  being  screened  off  to  form  an  ante-hall. 
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The  hall  has  an  o})eii  timber  roof  of  oak,  carried  on  carved  stone  corbels.  The 

walls  up  to  the  height  of  the  window-sills  are  panelled  with  wainscot,  above  which 
they  are  lined  with  dressed  Beer  stone.  The  six  windows  have  each  twelve  lights 
filled  with  painted  glass,  the  subjects  being  incidents  connected  with  local 

history^  which  is  singularly  rich  in  stin-ing  events.  On  one  side  of  the  hftll 
is  the  ingle-nook,  with  its  oak  settles,  and  its  hooded  chimney  reaching  up  to  the 
roof. 

The  hall  abuts  on  one  side  of  the  courtyard,  on  the  other  three  sides  being 
corridors  lighted  by  muUioned  windowB  from  the  court  These  corridors  give  acces 
to  the  reception-rooms. 

At  one  end  of  the  hall  is  the  tower,  which  is  occupied  by  Sir  Henry  Peek's 
own  rooms.  These  are,  on  the  ground  floor  the  business  or  justico-room  provided 
with  its  own  small  porch  for  access  from  the  outside ;  in  the  basement  approached 
by  a  staircase  from  the  business-room  is  a  strong-room,  provided  with  means 
of  warming  and  ventilation.  A  turret  staircase  leads  from  the  ground  floor  to  Sir 

Henry's  dressing-room  ;  above  this  to  a  room  for  documents,  to  the  museum,  and 
finally  to  the  Belvedere.  This  last  forms  the  uppermost  stage  of  the  tower.  The 
roof  IB  supported  by  arcaded  teak  posts,  and  the  floor  is  laid  with  the  same  kind 
of  wood,  in  the  manner  of  the  deck  of  a  jracht. 

Adjoining  the  business-room  and  communicating  with  it  is  the  library,  42  feet 
by  20  feet  This  room  faces  the  east,  and  has  three  laige  and  deeply-recessed 
square  bay  windows,  and  two  fireplaces.  The  ceiling  is  formed  of  wrought  oak 
joists  on  moulded  bearers. 

The  drawing-room,  with  octagonal  garden-poix^h,  occupied  the  south-east 
comer  of  the  building,  and  ia  about  50  feet  by  20  feet  The  dado  is  panelled 

in  walnut,  above  which  the  walls  will  be  lined  with  maize-coloured  silk.  The 
ceiling  is  ribbed  and  enriched  with  plaster. 

Between  the  drawing-room  and  the  library  is  a  lady's  lavatory  and  cloak-room, 
(be.,  and  a  staircase  leading  up  to  the  boudoir  and  Lady  Peek's  room. 

The  dining-room,  37  feet  by  20  feet,  has  a  similar  ceiling  to  that  of  the 
library.  The  walls  are  panelled  to  the  height  of  the  doors.  In  connection  with 

it  is  a  serving-ix)om  with  hot-plate,  and  access  thence  to  the  office  corridor. 
The  grand  staircase  is  of  marble  with  parapet  wall  and  moulded  coping  of  the 

same.  This  material  has  been  very  freely  used  throughout  the  house ;  some  noble 
blocks  of  marble  having  lain  for  years  on  the  Eousdon  beach,  became  available  for 
use  when  Sir  Henry  Peek  acquired  the  foreshore  rights. 

Close  to  the  main  entrance  is  the  biUiard-room,  with  a  square  bay  window, 
iidjoining  this  is  a  lavatory,  cloak-room,  and  water-closet  for  gentlemen,  widi 
a  hot-closet  for  drying  wet  clothes. 

Passing  now  through  the  folding  doors  which  shut  off  the  office  corridor  from 

the  reception-rooms,  a  suite  of  three  rooms  are  arranged  as  sitting-room,  bedroom, 
and  dressing-room  for  an  invalid  or  for  a  visitor  to  whom  the  fatigue  of  ascending 
and  descending  stairs  would  be  undesirable.  Part  of  the  dressing-room  is  partitioned 
off  to  form  a  water-closet,  and  a  bath  is  also  provided. 

On  the  opposite  side  of  this  corridor  is  the  butler's  pantry,  with  plate-room  and 
bedroom  adjoining.  Next  to  this  is  a  room  for  brushing  clothes;  next  to  this 
again  is  a  room  in  which  the  arrangement  of  flowers  for  the  table  and  other  like 
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matters  can  be  attended  to  by  the  lady  of  the  house,  and,  finally,  a  housemaid's 
pantry.     Both  the  last  two  rooms  are  provided  with  sinks  and  presses. 

In  the  west  wing  the  principal  servants'  offices  are  arranged.  The  kitchen, 
26  feet  by  20  feet,  has  an  open  timber  roof,  luid  besides  the  necessary  appliances  in 

the  shape  of  range,  hot-plate,  ovens,  ̂ .,  there  is  a  lift  for  conveying  coals  from  the 
basement  A  serving-table  and  hatch  afford  convenient  access  to  the  corridor 
for  serving  purposes.  Communicating  on  one  side  of  the  kitchen  is  a  small  room 
for  preparing  pastry,  and  on  the  other  side  ia  the  scullery  fitted  up  with  steamers, 

sinks,  &c  In  the  same  wing  are  the  housekeeper's  room,  servants'  hall,  and 
luggage-room.  The  last-mentioned  room  has  an  external  door  for  the  ingress 
and  ̂ resB  of  luggage,  this  door  being  in  the  direct  line  between  the  main  entrance 
and  the  stables. 

The  staircase  at  this  end  of  the  corridor  gives  access  downwards  to  coal-cellar, 

kmp-room,  and  rooms  for  knives  and  boots,  and  upwards  to  the  men-servants' 
bed-rooms ;  thus  its  use  would  be  limited  solely  to  the  male  servants. 

An  hydraulic  lift  rises  from  the  basement  to  the  top  of  the  house  for  the  caiTiage 

of  coals,  luggage,  Ac  This  lift  is  placed  in  the  centre  of  the  maids'  stairs,  which 
communicate  with  the  larders  and  bakehouse  in  the  basement,  and  by  corridors 

with  the  dairy,  and  with  the  bed-room  floors  above. 
Separate  elosets  and  bath-rooms  are  provided  for  male  and  female  servants. 
In  the  basement  the  courtyard  at  this  level  is  arranged  in  a  doister-like  manner, 

the  centre  being  occupied  by  the  well  already  mentioned.  The  space  under  the 

great  hall  is  utilised  as  a  bowling-alley  for  American  bowls.  Under  the  library  is 
the  dairy.  By  the  provision  of  windows  both  in  the  east  and  west  walls  a  through 
curr^it  of  air  is  insured.  The  fittings  are  of  marble,  the  shelves  being  as  much  as  3 
inches  thick,  in  order  to  secure  greater  coolness.  The  walls  are  lined  with  a  high 
tile  dado,  above  which  subjects  are  painted  in  blue  of  incidents  associated  with 

the  dairy.  The  floor  is  of  black  and  white  marble.  Adjoining  is  the  dairy- 
scullery^  provided  with  copper  and  sink  for  scalding  pans. 

The  cellars  are  under  the  main  reception-rooms,  and  include  wood-cellar  and 
wine-cellars,  with  dispensing  and  receiving  cellars. 

Two  larders,  one  specially  for  game,  a  bakehouse  and  a  beer-cellar,  complete, 
with  those  rooms  already  referred  to,  the  basement  accommodation. 

The  bed'fooms  are  arranged  on  the  two  floors  above  the  ground  storey.  The 
floors  of  the  principal  corridors  of  these  storeys  have  interesting  designs  in  marble 
moealc,  executed  by  the  female  convicts  at  Woking. 

The  materials  employed  for  the  walls  are  chert  and  large  grey  flints  for  the 

outer  flEunng,  with  an  inner  lining  of  9-inch  brickwork,  the  latter  being  separated 
from  the  flint  by  a  vertical  course  of  asphalte  1  inch  thick.  The  quoins  and 
mnllions  of  the  windows  are  of  Purbeck  stone.  The  ashlar  work  inside  the  hall, 

and  the  stonework  of  the  various  motdded  arches,  is  from  the  Beer  quarries,  Devon. 

The  roofis  and  weather-tiling  are  of  Bridgewater  tiles.  The  chimney-stacks  are 
buDt  with  Fareham  red  bricks. 

The  wood  principally  used  in  outside  work,  gables,  half-timber  work,  d^, 
is  teak. 

The  floors  of  the  principal  reception-rooms  are  of  oak  or  parquetry,  and  the 
paneUing  and  joinery  through  the  greater  part  of  the  house,  including  all  the 
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piincipal  bed-rooms,  is  of  wainscot,  walnut,  teak,  mahogany,  or  cedar.  The 
woodwork  of  the  offices  and  inferior  bed-rooms  is  of  pitch-pine. 

Connected  by  a  covered  way  with  the  servants'  wing  is  the  laundry.  This 
building  comprises  washhouse,  soiled-linen  room,  drying-closets,  and  laundry, 
respectively  fitted  up  with  the  necessary  appliances. 

The  stable  buildings  are  ranged  round  a  courtyard,  in  the  centre  of  which 
is  a  marble  tank  and  fountain,  surmounted  by  a  hanging  lamp  on  copper  standards. 

The  yard  is  entered  by  an  archway  under  a  clock-tower.  In  this  tower  is 
a  carillon  with  ten  bells,  fitted  with  a  key-board  on  which  the  bells  may  be  played 
after  the  fashion  of  the  carillons  in  the  old  Flemish  belfries. 

The  stables  are  divided  into  **  own  "  and  *'  strangers' "  stables,  the  former  being 
entirely  loose-boxes.     There  are  also  boxes  for  the  isolation  of  sick  horses. 

Harness-rooms,  cleaning-rooms^  men's  rooms,  and  cottages  for  coachmen,  are  all 
provided. 

Planned  in  connection  with  this  group  of  building  is  a  fives-court  approached 
from  the  garden,  and  in  connection  with  it  is  a  dressing-room,  lavatory,  &c 

The  scheme  for  drainage  provides  for  the  separation  of  sewage,  stonn-water, 
and  rain-water  from  roofs. 

The  supply  of  diinking-water  is  from  the  ancient  well  before  mentioned,  and 
a  stream  below  the  house,  means  being  provided  of  collecting,  settling,  filtering,  and 
pumping. 

Other  buildings  on  the  estate  comprise  farm  buildings,  carpenters'  worksho})s, 
smithy,  slaughterhouse,  kennels,  dwellings  for  bailiffs  and  other  farm-servants, 
and  gaa-works. 

AN   OLD   HOUSE   RE-MODELLED. 

Examples  of  various  houses  arranged  so  as  to  secure  the  most  wholesome  con- 
ditions have  now  been  given,  in  which  certain  principles  are  embodied  as  being 

essential  to  health ;  it  will,-  therefore,  be  interesting  to  examine  the  plans  of  a 
house  situated  in  one  of  the  most  fashionable  parts  of  the  metropolis — a  house  that 
was  erected  probably  about  the  close  of  the  last  century,  and  has  been  occupied  by 
eminent  statesmen  and  diplomatists,  as  well  as  by  a  princess  of  the  royal  family. 
At  the  commencement  of  its  occupancy  by  the  latter,  its  sanitary  arrangements  were 
improved  under  the  direction  of  Mr.  Aitchison,  A.E..A.,  as  well  as  was  possible 

without  very  considerable  re-consti*uction.  The  accompanying  plans  may  suffice  to 
show  the  hopelessly  bad  arrangements  as  they  existed  prior  to  that  period ;  and  in 

this  respect  they  serve  to  indicate  what.,  down  to  a  very  recent  period,  was  con- 
sidered harmless  even  where  expense  was  comparatively  unimportant.  The  arrange- 

ments can  be  studied  now  as  examples  to  be  avoided. 

Beginning,  then,  with  the  basement  storey,  it  will  be  seen  that  the  men's  water- 
closet,  with  the  dust-bin,  occupied  one  of  the  vaults  beneath  the  pavement  of  the 
street.  It  was  absolutely  devoid  of  light,  and  had  no  other  ventilation  than  was 
admissible  by  the  door  from  the  cellar  through  which  it  was  entered  and  an  opening 

into  the  dust-bin.  The  maid-servants'  closet  is  in  a  small  yard.  On  the  ground 
floor  a  water-closet  adjoins  the  dining  and  waiting-rooms,  being  entered  directly 
from  the  latter,  while  its  soil-pipe  descended  through  the  larder  in  the  basement. 
Another  water-closet  between  the  school-room  and  a  bed-room  was  so  placed  as  to 
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have  no  direct  commimicatioii  with  the  external  air ;  it  had  a  borrowed  light  on  to 
the  adjoining  back  stairs,  which  themselves  were  but  imperfectly  lighted.  The  one 

'water-doset  on  the  first  floor  opened  out  of  the  study,  and  was  absolutely  without 
light,  and  it  had  no  ventilation  save  what  it  received  from  the  study.  On  the 

second  floor  were  two  water-closets :  one  opening  out  of  a  bed-room,  without  any 
properly-ventilated  lobby  separating  it  therefrom,  and  its  soil-pipe  passing  down 
through  the  larder  in  the  basement;  and  the  other  under  the  steps  of  a  back 

staircase,  and  wholly  without  light  and  ventilation.  The  housemaid's  sink-closet 
on  this  floor  was  also  totally  xmprovided  with  light  and  ventilation.  The  water- 
closet,  again,  on  the  third  floor,  and  the  sink-closet,  were  both  quite  dark  and 
nnventilated,  except  into  the  house  itself.  It  will  thus  be  seen  that  of  the  eight 

^water-closets,  five  were  totally  dark  and  nnventilated,  and  both  the  sink-closets 
were  in  the  same  condition. 

Although  none  of  these  closets  were  permitted  to  be  wholly  removed,  their 
oondition  was  improved  to  a  considerable  extent  by  the  judicious  introduction  of 
good  apparatus,  and  sundry  reflectors  and  shafts  for  light  and  air.     White  tiles  and 

MysLWs  lights  were  introduced  in  the  men's  closet  in  the  basement ;  a  good  porcelain 
mrinal  was  substituted  for  the  old  tin  one  in  the  men's  cellar ;  borrowed  lights  and 
^lass  lantern-lights  were  formed  in  some  of  the  other  closets ;  improved  sinks  were 

fLx&d.  in  the  housemaids'  closets,  the  waste-pipes  being  ventilated  and  arranged  to 
dHacharge  in  the  open  air.     Other  sanitary  improvements  were  likewise  effected, 

sudi  as  arranging  dstem  overflow-pipes  to  terminate  in  the  open  air ;  all  inside 

drains  ^were  examined,  tested,  re-laid  where  necessary,  and  embedded  and  covered 
LiJa    concrete,  and   internal  gulleys  and   connections  with  drains  entirely  done 

kj  with.     In  these  and  other  ways  the  wholesomeness  of  the  house  has  been 
satisfactory  as  possible,  short  of  almost  entire  reconstruction. 
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CHAPTER   XXin. 

NATURAL  AHD  AKTinOIAL  8T0NBS. 

Oraiiit«0— SUtes — Blarblet — Suidiione* — ^limeatonw^-PortlAnd  Stone — Bath  Stone— Varionfl  Kindi  of 
ArtificiiJ  Stone. 

The  several  precaationa  which  should  be  observed  in  selecting  a  durable  stone  for 

building  have  already  (pp.  52 — 56)  been  described.  It  may  now  be  convenieat  to 
supplement  those  remarks  by  a  somewhat  more  detailed  description  of  the  various 
kinds  of  stone  available  in  this  country  for  building  purposes. 

Building-<tones  may  be  divided  into  three  classes :  granites,  schists,  and  trappean 
rook;  sandstones;  limestones. 

Granite  is  classed  by  geologists  among  the  igneous  rocks,  and,  as  far  as  has 

been  yet  ascertained,  is  one  of  the  oldest  rocks  of  the  earth's  crust  It  is  a  com- 
pound, subject  to  variations,  of  quartz,  mica,  and  felspar,  and  it  occurs  in  large 

mountain  masses,  or  in  veins  bursting  through,  and  altering  the  newer  adjacent 
formations. 

There  are  various  kinds  of  granite,  the  difference  being  caused  by  variations  in 
the  component  minerals.  When  hornblende  is  substituted  for  mica  the  rock  in 
called  syenite.  When  both  hornblende  and  mica  are  present  the  rock  is  called 
syenitic  granite. 

An  excess  of  felspar  produces  a  rock  that  is  readily  decomposed  by  exposure 
to  the  air  and  weather.  The  material  known  as  kaolin,  or  china  clay,  is  pro- 

duced by  the  decomposition  of  a  felspathic  granite  found  in  Devonshire  and 
ComwalL  Some  40,000  tons  of  this  clay  are  annually  collected  in  these  counties 
for  use  in  the  manufacture  of  pottery  and  porcelain. 

The  best  varieties  of  granite  in  use  in  Great  Britain  are  found  in  Scotland  Of 
these  the  best  known  are  Aberdeen,  Peterhead,  and  Boss  of  Mull.  The  Cornish 

and  Devon  granites  are  not,  as  a  rule,  so  durable  as  the  Scotch  varieties.  When 
carefully  selected,  however,  they  are  durable  and  beautiful  stones.  Many  veiy 
beautiful  varieties  of  granite  are  found  in  Ireland. 

From  its  great  cost,  both  in  the  rough  and  in  working,  granite  is  not  adapted, 
except  in  the  immediate  neighbourhood  of  the  quarries,  for  general  use  in  domestic 

work.  It  is  largely  used  as  a  building-stone  in  Aberdeen  and  other  places  in 
the  localities  where  it  is  found.  Many  of  the  old  churches  in  Brittany  are  built 
of  granite,  and  the  mouldings  and  tracery  are  as  clear  and  perfect  as  the  day 
they  were  cut. 

Granite  is  susceptible  of  a  high  polish,  and  is  well  adapted  for  chimney-pieces 
and  other  works  of  a  decorative  character. 

Igneotu  rocks  other  than  granite, — ^This  class  of  stones  is  of  small  importance  for 
architectural  purposes.     It  comprises  the  several  varieties  of  the  trappean  rocks 

,  (basalt,  porphyry,  greenstone,  felstone,  &c.),  and  the  volcanic  rocks  (lava,  basaltic 
lava,   obsidian,   pumice,   &c).     Some   of  the  varieties  of  porphyry,   basalt,   and 

greenstone  make  fairly  good  building-stone,  but  from  the  difficulty  of  working  and 
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their  luoally  aombre  and  nnattractiye  appearance  they  are  not  generally  suitable  for 
architeetoral  pnrpoBes. 

Of  the  volcanic  rocks  it  is  only  necessary  to  notice  pnmice,  a  "  light  porons  rock 
evidently  prodnced  by  the  disengagement  of  gases  in  the  mass  while  in  a  state  of 

fusion;  in  other  words,  the  solidified  froth  or  scum  of  molten  rock  matter."* 
Pamice  is  used  in  polishing  wood,  stone,  metal,  glass,  and  ivory,  and  by  painters 
for  rubbing  and  cleaning  down  their  work.  Puozzolana,  a  recent  volcanic  tufa,  is 
employed  in  the  manufacture  of  cement. 

Metamorphie  or  altered  rocks. — Rocks  originally  sedimentary,  but  which  from 
▼arious  causes  have  undergone  changes  which  have  entirely  obliterated  all  traces 
of  organic  life  (if  such  ever  existed),  at  least  so  far  as  our  present  knowledge 
extends,  aie  called  metamorphic  or  altered  rocks  (Gr.,  /icro,  change,  and  /iop^,  form). 
The  rocks  belonging  to  this  class  are  all  more  or  less  crystalline,  and  present 
many  diflferent  evidences  of  the  influences  to  which  they  have  been  subjected. 
They  are  rarely  stratified,  but  are  frequently  bent  and  folded  into  every 
imaginable  form.  Some  present  strong  lines  of  cleavage,  such  as  the  slates  used 
for  roofing  purposes.  Others,  again,  as  serpentine,  have  the  appearance  of 
marble ;  while  graphite,  which  is  probably  an  altered  form  of  anthracite,  is  the 

amorphous  material  so  well  known  as  black-lead. 
The  rocks  of  this  class  of  most  service  to  the  builder  are  the  slates.  The 

ordinary  slate  used  for  roofing  and  other  purposes  is  an  altered  form  of  clay  of 

fine  texture,  originally  deposited,  in  all  probability,  as  a  fine-grained  silt,  and 
subsequently  subjected  to  enormous  compression.  Embedded  in  it  are  frequently 
found  cubes  of  iron  pyrites,  chert  or  siliceous  concretions,  and  crystals  of 
hornblende,  augite,  and  chiastolite,  a  mineral  occurring  in  long,  slender  prisms, 
which  cross  and  lie  over  each  other  Uke  the  Greek  letter  x  (x^^ttrros^  crossed,  and 
XtB9ty  a  8tone).f  These  cubes  of  iron  pyrites  are  sometimes  made  the  ground  of 
objection  to  the  slates  containing  them,  it  being  supposed  that  they  are  liable 
to  fall  outj  and  so  leave  holes  or  empty  spaces.  This  objection  is  not,  however, 
very  serious,  as  slates  with  these  embedded  cubes  have  been  known  to  last 
for  many  years  without  signs  of  injury.  The  special  value  of  slate  for  roofing 
purposes  is  the  ease  with  which  it  can  be  split  along  the  planes  of  cleavage. 

Serpentine  is  described  by  Mr.  Page  as  "  an  intimate  admixture  of  various 
magnedo-siliceous  ingredients  (chlorite,  steatite,  diallage,  linoe,  ifea),  which  produce 

a  rock  of  a  speckled  or  mottled  appearance  resembling  a  serpent's  skin ;  hence  the 
name  Serpentina"  In  colour,  serpentine  is  usually  red  or  green,  with  veins  of 
white  blotches  and  streaks  of  green,  blue,  and  red.  Some  varieties  are  clouded. 

The  best-known  variety,  from  the  Lizard,  in  Cornwall,  has  a  dark  olive-green  ground, 
with  streaks  of  blood-red  mixed  with  other  tinta 

Serpentine  is  much  used  for  interior  decorative  purposes,  but  is  totally  unfit  for 
outdoor  use  on  account  of  its  bad  weathering  qualitiea 

Besides  the  well-known  Cornish  serpentine,  this  stone  is  found  in  Wales  (Angle- 
sea),  Scotland  (Portsay,  Aberdeenshire,  and  the  Shetland  Isles),  and  in  Ireland. 
The  Connemara  or  Irish  green  marble  is  a  variety  of  serpentina 

The  other  varieties  of  metamorphic  rocks  are  of  little  importance  as  materials 

for  architectural  purposes.      The  metamorphosed  limestones  yield  marbles  which, 

•  Pige,  "  Adnoieed  T^zt-Book  of  Geologj,"  p.  188.  t  Page,  "  AdvMiced  Text-Boole." 
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from  their  crystalline  texture  and  veined  appearance,  are  in  great  request  for  aculp 

ture.  The  purest  white  marble  eomes  still,  as  it  did  when  Michael  Angelo  made 

journeys  to  the  quarries  to  select  his  own  blocks,  from  the  famous  quarries  of 
Carrara. 

The  mica  schists,  gneisses,  and  chlorite  schists,  are,  in  some  localities  where 

ordinary  building-stones  are  scarce,  employed  in  building,  but,  though  durable,  they 
are  very  unsatisfactory  in  appearance. 

Steatite,  or  soapstone,  is  useful  for  ornamental  purposes — such  as  inlaying,  and 
for  vases. 

Next  in  order  comes  the  important  group  of  building-stones  known  as  sandstones. 

Sandstones  consist  for  the  most  part  of  grains  of  quartz  (silica),  cemented 

together  by  silica,  carbonate  of  lime,  carbonate  of  magnesia,  and  oxide  of  iron,  in 

varjring  proportions,  or  by  combinations  of  these  substancea  They  vary  in  texture, 

colour,  and  durability,  to  a  very  great  degree,  the  nature  of  the  cementing  materisl 
being  the  chief  element  of  strength  or  weaknesa 

The  following  classification  is  made  of  the  several  varieties  of  sandstones : — 

JAver  rock, — ^The  best  and  most  homogeneous  stone,  and  which  can  be  obtained 

in  the  largest  blocks  without  joints,  "thick-bedded." 
Flag-stones, — Laminated  stones,  which  split  easily  along  the  lines  of  bedding,  used 

for  paving-stones. 
Tile-stones, — ^Thinner-bedded   stones   than  the  last;  used  in  some  localities  for 

ixx>fing. 

Freestone^ — A  term  applied    equally  to  limestones    and  sandstones  which   are 
easily  wrought. 

Grits,^''The  coarser  varieties  from  the  well-known  millstone-grit  formation; 
strong,  hard,  and  durable  stones. 

The  best  test  of  the  wearing  quality  of  a  sandstone  under  ordinary  atmospheric 

conditions,  apart  from  special  circumstances — as  the  smoke  in  towns,  emanations  from 
factories,  &c — is  the  weathered  face  of  the  stone  in  an  old  quarry  or  cli£[^  or  in 

some  old  building.  In  the  report  (16th  March,  1839)  of  the  Commissioners*  for 
selecting  the  stone  to  be  used  in  building  the  new  Houses  of  Parliament,  several 
interesting  particulars  are  given  of  the  condition  of  the  stonework  in  old  buildings, 

from  which  the  following  is  an  extract : — 
"  Of  the  sandstone  buildings  which  we  examined,  we  may  notice  the  remains  of 

Ecclestone  Abbey,  of  the  thirteenth  century,  near  Barnard  Castle,  constructed  of  a 
stone  closely  resembling  that  of  the  Stenton  quarry  in  the  vicinity,  as  exhibiting 

the  mouldings  and  other  decorations,  even  to  the  dog's-tooth  ornament,  in  excellent 
condition.  The  ciroular  keep  of  Barnard  Castle,  apparently  also  built  of  the  same 

material,  is  in  fine  preservation.  Tintem  Abbey  may  also  be  noticed  as  a  sand- 
stone edifice  that  has,  to  a  considerable  extent,  resisted  decomposition,  for  although 

it  is  decayed  in  some  parts,  it  is  nearly  perfect  in  others.  Some  portions  of  Whitby 
Abbey  aro  likewise  in  a  perfect  state,  whilst  others  are  fast  yielding  to  the  effects  of 
the  atmosphera  The  older  portions  of  Ripon  Cathedral,  constructed  of  sandstone, 
aro  in  a  fair  state  of  preservation.  Rivaulx  Abbey  is  another  good  example  of  an 
ancient  sandstone  building  in  a  fair  condition.     The  Norman  keep  of  Richmond 

*  The  GommiarionerB  were  Dr.  William   Smith,  Mr.  (afterwardi  Sir  Henry)  De  la  Btehe,  Mr. 
(afterwards  Sir  Charles)  Barry,  and  Mr.  0.  H.  Smith. 
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Castle,  in  Yorkshire,  affords  an  instance  of  a  moderately  hard  sandstone,  which  has 
wellresLsted  decomposition. 

"  As  examples  of  sandstone  buildings  of  more  recent  date  in  a  good  state  of  pre- 
servation, we  may  mention  Hardwicke  Hall,  Haddon  Hall,  and  all  the  buildings  of 

Craigieith-stone  in  Edinburgh  and  its  vicinity.  Of  sandstone  edifices  in  an  advanced 
state  of  decomposition,  we  may  enumerate  Durham  Cathedral,  the  churches  at  New- 

castle-upon-Tyne, Carlisle  Cathedral,  Eirkstall  Abbey,  and  Fountains  Abbey.  The 
sandstone  churches  of  Derby  are  also  extremely  decomposed ;  and  the  church  of  St 

Peter^s  at  Shaftesbuiy  is  in  such  a  state  of  decay  that  some  portions  of  the  building 

are  only  prevented  from  falling  by  means  of  iron  ties." 
The  facts  recited  in  the  foregoing  extract  show  pretty  clearly  the  durability  of 

certain  kinds  of  sandstones,  and  the  importance  of  exercising  the  greatest  care  in 
selection.  It  should  also  be  noted  that  in  the  case  of  several  of  the  buildings 
referred  to  above,  the  roofs  and  windows  have  long  since  been  removed,  and  the 
masonry  subjected  to  the  severest  possible  test  of  the  durability  of  the  stone 
employed  in  its  construction. 

The  Stenton  or  Stainton  stone,  mentioned  as  employed  in  the  construction  of 

£oclestone  Abbey  and  Barnard  Castle,  is  a  light-brown  sandstone  from  the  coal 
measures.  The  sounder  parts  of  Whitby  Abbey  are  built  of  a  new  red  sandstone 
called  Bottom  Quarry  from  Aislaby,  Whitby.  Tintem  is  built  with  a  stone  from 
the  old  red  sandstone  formation  known  as  Barbadoes,  quarried  at  Chepstow. 

As  a  rule,  the  fine-grained  sandstones  are  the  most  durable,  though  some  of  the 

ooarae  grits  are  of  great  durability.  The  millstone-grit^  before  referred  to  (the 
^^farewell-stone"  of  the  coal-miner),  is  the  most  durable  of  the  coarser-grained 
varietiesL  The  sandstone  which,  in  Caernarvon  Castle,  alternates  with  the  lime- 

stone is  probably  millstone^rit*  Sandstone  not  unfrequently  contains  nodules  of 
iron  pyrites.  When  this  is  the  case  the  stone  is  not  fit  for  use  in  facing,  as  the  iron 
oxidises  and  weathers  out  into  holea 

In  the  "Notes  on  Building  Construction,"  Part  III.,  a  Table  is  given,  showing 
the  results  of  experiments  on  the  relative  amount  of  absorption  in  different  sand- 
stonea  Of  seven  different  kinds  of  stone  tested,  the  per-centage  of  absorption  varies 
bom  S'OO  in  Craigleith-stone  to  20*00  in  Hassock.  These  two  stones  represent  the 
two  extremes,  Craigleith-stone  being  one  of  the  most  valuable  sandstones,  and 
Hassock  about  the  very  worst 

Between  these  two  extremes  are  several  qualities  of  stone,  many  of  which  are 
dmable  and  safe  stones  to  be  used,  provided  always  that  judgment  and  discretion 
be  exerdaed  in  selecting  the  blocks.  As  examples.  Park  Spring,  the  best  beds  of 
l^Iansfield,  Heddon,  Bramley  Fall,  Forest  of  Dean,  and  many  of  the  Yorkshire  and 
Scotch  varieties,  may  be  mentioned 

Besides  these,  there  are  many  varieties  of  sandstones  only  locally  used.  In 
the  Wealden  district,  for  example,  are  many  very  useful  and  durable  stones,  of 
one  or  other  of  which  most  of  the  old  churches  in  the  locality  are  built  Much 
valuable  information  on  local  stones  and  jquarries,  and  their  weathering  qualities,  is 
contained  in  the  "  Memoirs  "  of  the  Geological  Survey. 

Limestones. — Limestone  is  a  term  applied  to  rooks  the  greater  part  of  which 
consistB  of  carbonate  of  lime.     The  group  of  stones  coming  under  this  head  may 

*  BamMy,  *'  Phydoal  Geology.** 
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be  divided  into  five  claaaoft;    compact  limestone;    sheUj   limestone;    oolitic,  or 
gnmnlar  limestone  ;  magnesian  limestone ;  marbles. 

Compact  limestones  are,  as  a  rale,  dull  in  colour,  and  non-crystalline  in 
structure.  Hie  well-known  Kentish  rag  is  a  member  of  this  class.  The  lias 
limestone,  from  which  a  most  useful  hydraulic  lime  for  building  purpofles  Ls 

obtained,  is  also  a  compact  variety.  This  group  is  not  of  very  great  importance 
for  general  building  purpo8e& 

Shelly  limestones  consist  of  vast  numbers  of  fossil  shells  naturally  cement^l 
together,  and  in  many  instances  are  sufficiently  hard  to  take  polish.  Purbeck 
marble,  so  largely  used  in  the  interiors  of  our  old  cathedrals,  and  Sussex,  or 
Petworth,  marble,  are  examples  of  this  class  of  stone. 

The  group  called  oolitic,  or  granular,  from  the  appearance  of  the  stone, 

which  is  that  of  egg-shaped  grains  cemented  together,  is  perhaps  the  most 
important  of  all  the  limestone  groupa  The  grains  themselves,  which  vary  in 
size  in  different  stones,  consist  of  carbonate  of  lime,  and  the  cementing  mateiial 
is  either  the  same  substance,  or  a  mixture  of  carbonate  of  lime  with  sUica, 

carbonate  of  magnesia,  or  alumina.  Portland,  Bath,  Oaen — all  well-known  and 
extensively-used  stones — are  members  of  this  group. 

Magnesian  limestones  are  those  in  which  the  proportion  of  carbonate  of  magnesia 
exceeds  15  per  cent  The  more  nearly  the  carbonates  of  lime  and  magnesia  approach 
equivalent  proportions,  the  better  is  the  stone.  When  the  proportion  is  that  of 
one  molecule  of  carbonate  of  lime  to  one  molecule  of  carbonate  of  magnesia,  the 
stone  is  called  (after  a  French  geologist,  Dolomieu,  who  first  noticed  this  stone  in 
the  Alps)  dolomita  The  greater  durability  of  this  stone  is  probably  due  not  sn 
much  to  the  increased  amount  of  magnesia  in  it,  as  to  the  fact  that  instead  of  being 

composed  of  different  sorts  of  crystals — some  formed  of  carbonate  of  lime,  and  others 
of  carbonate  of  magnesia — the  entire  mass  is  made  up  of  rhomboids,  each  of  which 
contains  both  substances  homogeneously  crystallised  together.*  The  celebrated 
quarries  of  the  Mansfield  district  yield  several  varieties  of  magnesian  limestone,  of 

which  that  known  as  '*  Mansfield  Woodhouse"  most  nearly  approaches  the  pro- 
portions of  dolomite.  Bolsover  Moor,  Anston,  and  Roche  Abbey  are  durable 

stones  of  this  clas& 

All  limestones  which  are  of  sufficient  hardness  to  take  a  polish  are  called 
marblesL  Many  of  this  group  are  highly  fossiliferous,  and  some,  such  as  the 
encrinital  marbles  of  Derbyshire,  are  known  by  the  name  of  the  most  conf^picuons 
fossil  embedded  in  them.  The  best-kno^n  varieties  are  those  of  Devonshire 

and  Derbyshire.  From  Ireland  varieties  of  useful  and  beautiful  marble  are 
obtained. 

Limestones,  like  sandstones,  vary  very  greatly  in  their  weathering  qualities. 
A  notable  instance  of  this  is  to  be  found  in  the  city  of  Oxford.  There  the 
extremely  decayed  condition  of  the  stonework  of  many  of  the  colleges  and  other 
buildings  is  remarkably  conspicuous,  whilst,  on  the  other  hand,  some  of  the 
buildings,  particularly  the  chapel  of  Merton  Oollege,  are  as  well  preserved  as 
others  are  decayed.  The  reason  of  this  is  to  be  found  in  the  fact  that  two  different 

kinds  of  stone  have  been  used— <me^  a  shelly  oolite,  in  all  probability  Tainton 
stone,  which  has  weathered  well ;  the  other,  a  soft,  friable,  coralline  oolite  from 

•  a  H.  Smith's  *<  lithology,"  Tnnaaoiioiu  of  R.I.B.A.,  1844. 
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Headmgton,  which  has  largely  decomposed  Caen  stone,  an  oolitic  limestone,  is, 

except  great  care  be  taken  with  the  selection,  a  very  unsafe  stone  for  outside  work. 

In  Mr.  Heniy  Thomas  Hope's  house*  at  the  comer  of  Down  Street  and  Piccadilly 
(now  the  Junior  Atheneeum  Club)  the  stonework  was  executed  in  Caen  stone. 
Great  care  was  exercised  in  the  selection  of  the  blocks,  and  the  projecting 

mouldings  and  cornices  were  covered  with  thin  sheet  lead,  with  the  most  satis- 
factory results. 

Portland  stone  is  one  of  the  most  valuable  of  all  the  building-stones  we  possess. 
It  has  been  used  for  almost  aU  important  buildings  in  London  from  the  beginning 
of  the  seventeenth  century  until  the  present  time,  and  the  experience  of  that 
period  certainly  warrants  its  being  placed  in  the  front  rank  both  for  appearance  and 

durability.  St.  Paul's  Cathedral  is  built  of  this  stone,  and  the  care  with  which 
8ir  Christopher  Wren  selected  the  blocks  for  actual  use  is  evidenced  to  this  day 
by  the  blocks  discarded  by  him  still  lying  in  the  vicinity  of  the  quarry.  Most 
of  the  City  churches  erected  by  Sir  Christopher  Wren  are  built 
of  Portland  stone,  and,  as  a  rule,  have  withstood  the  ravages  of  the 
London  atmosphere  welL 

Several  qualities  of  stone  are  obtained  from  the  Portland  quarries, 
the  most  valuable  being  known  as  the  True  Roach,  Whitbed,  Bastard 
Roach,  and  Base  Bed.  Of  these,  True  Boach  is  the  best  for  heavy 
btmcUiral  purposes  and  for  rough  masonry.  It  is  distinguished  from 
Bastard- Boach  by  the  presence  of  a  small  fossil  univalve  shell,  called 
W  the  workmen  the  Portland  Screw  {Cerithium  Fortlandicum — 
Fig.  179). 

Whitbed  is  the  most  useful  for  general  purposes.  Close  and 
fine  in  texture,  it  is  hard,  and  weathers  well. 

Bastard  Boach  is  like  True  Boach  in  the  fact  of  its  being  gene-  ̂ '^S^^.""^ 
rally  very  fossiliferous.      It  is,  however,  a  much  inferior  stone,  and 
not  fit  for  use  in  exposed  situations,  or  where  it  would  be  liable  to  much  trafiio 
or  wear. 

Base  Bed  is  softer  than  either  of  the  foregoing,  and  is  only  suitable  for  interior 

work     It  is  a  good  stone  for  carving,  being  easy  to  work  and  uniform  in  texture. 
Chilmark,  or  Tisbury  stone,  is  a  useful  stone,  and  of  good  weathering  qualities. 

^!)alisbury  Cathedral  is  built  of  this  stone,  and  it  was  used  in  the  restoration  of 
the  Chapter  House,  Westminster  Abbey. 

Bath  stone  is  perhaps  the  most  widely-used  building-stone  in  this  country. 
It  Ymes  very  considerably  in  quality,  some  varieties  being  quite  unfit  for  exterior 
work,  whilst  others  stand  the  action  even  of  the  London  atmosphere  fairly  well. 
The  best  bed  is  that  known  as  Box  Ground.  Some  beds  of  Combe  Down  weather 

veil,  others  badly.  Farleigh  Down  and  Corsham  Down  are  both  sof%  stones,  fit 
only  for  interior  work.  Corsham  Bidge  is  a  newly-opened  quarry,  the  stone  from 
which  was  used  in  the  facing  and  carved  pediments  at  the  Westminster  Aquarium. 
Its  weathering  qualities  have  yet  to  be  ascertained. 

Kentish  Bag,  a  compact  limestone,  is  an  excellent  stone  for  rubble  work.  Both 
for  appearance  and  durability,  it  should  always  be  used  with  a  rough  hammered 
face,  not  tooled 

*  Mods.  IDuiUlion  and  ProfeMor  DonaldMn,  joint  architects. 
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The  Import  of  the  Commissioners  for  selecting  the  stone  for  the  Houises  of 
Parliament,  before  referred  to,  recommends  the  use  of  limestcmes  in  preference  to 

sandstones,  "  on  account  of  their  more  general  uniformity  of  tint^  their  comparatively 
hom<^eneou8  structure,  and  the  facility  and  economy  of  their  conversion  to  building 

purposes." It  may  also  be  taken  as  a  &ct  that  limestone  is  ordinarily  more  reliable  under 
the  influence  of  fire  than  sandstone.  In  an  experiment  made  after  the  destruction 

by  fire  of  old  Doncaster  Church,  it  was  found  that  while  a  large  block  of  sand- 
stone flew  to  pieces  after  being  placed  in  a  fire  but  a  short  time,  a  similar  block  of 

limestone  was  only  superficially  calcined  after  twenty-four  hours'  exposure  to  the 
flames.* 

The  yarious  kinds  of  artificial  stone  which  hare  been  introduced,  with  a  view 
to  provide  a  durable  material  for  use  in  localities  where  natural  stone  is  difficult  to 
procure,  call  for  some  description  here. 

Ransome's  artificial  stone  is  practically  a  sandstone,  the  constituent  parts  of 
which  are  similar  to  those  of  Craigleith  stone.  Flints  dissolved  by  means  of  caustic 

alkali  under  high  pressure  are  mixed  with  fine  sharp  sand  in  a  pug-mill,  and  the 
viscous  tenacious  substance  that  results  is  moulded  into  the  desired  forms.  The 

blocks,  when  turned  out  of  the  moulds,  are  first  saturated  with  a  cold  solution 
of  chloride  of  calcium,  and  then  immersed  in  a  hot  bath  of  the  same.  The  silicate 

of  soda  (the  result  of  the  dissolved  flints)  and  the  chloride  of  calcium  coming  in 
contact  instantaneously  decompose,  the  silica  combining  with  the  calcium  to  form 
silicate  of  lime,  the  cement  which  binds  the  materials  together,  whilst  the  chlorine 
and  soda,  together  forming  chloride  of  sodium,  are  subsequently  washed  out. 

The  result  of  this  ingenious  and  interesting  process  is  a  fine-grained  homogeneous 
sandstone  which  can  be  carved  and  dressed  like  the  best  kinds  of  natural  stona 

The  facility  with  which  the  substance,  when  in  a  soft  state,  can  be  moulded  to  the 
most  delicate  forms  desired  is  one  of  the  chief  advantages  of  the  process.  In  fact,  it 
is  this  quality  which  makes  the  use  of  artificial  stone  possible,  as  for  ordinary  blocks 
the  cost  is  somewhat  more  than  that  of  most  natural  stone. 

"  Apaenite "  and  Victoria  stone  are  varieties  of  artificial  stone  with  slightly 
different  component  parts.  Victoria  stone  has  been  extensively  used  for  paving 

pui-poses,  and  was  employed  for  the  whole  of  the  external  stonework,  except  the 
cornice,  at  Fresh  Wharf^  London  Bridge ;  and  also  for  parts  of  Messrs.  PeaJ^  and 

Frean*s  biscuit  factory  at  Bermondsey. 
Chance's  artificial  stone  is  made  by  melting  the  Rowley  Rag,  a  basaltic  stone, 

found  in  the  Rowley  Hills^  near  Dudley,  in  Staffordshire,  and  then  casting  it  into 
the  required  shapes. 

Rust's  vitrified  marble  is  a  mixture  of  glass  and  sand  fused  together  and  moulded 
in  metal  moulds.  Colour  is  added  when  the  substance  is  in  a  semi-fluid  state,  by 
mixing  with  it  oxides  of  the  various  metals.  It  is  also  used  in  small  tesserse  for 
marble  mosaic. 

•  Becket,  "  Book  on  Building.** 
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CHAPTER  XXIV. 

REPAIRS    AND    ALTERATIONS. 

Need  ci  Strict  Kxamination — Landlord  and  Tenant— Damp — ^Boofii— Painting— Minor  Kepairs.    - 

A  SUBJECT  which  interests  most  occupiers  of  houses  of  every  Class,  and  one  which 
is  intimatelj  connected  with  the  conditions  combining  to  make  a  house  healthy  or 
the  reverse,  as  well  as  comfortable,  is  that  of  repairs. 

Dwelling-houses,  especially  those  of  the  smaller  t3rpe  of  suburban  villa,  are  more 
commonly  built  with  a  view  to  a  speedy  sale  than  to  lasting  out  the  term  of  their 
leases,  or  to  fulfilling  the  conditions  proper  to  healthy  habitations. 

The  protection,  moreover,  which  the  law  is  supposed  to  alford  to  purchasers  and 
tenante,  against  scamping  and  dishonest  workmanship,  the  use  of  improper  materials, 
and  the  disregard  of  all  sanitary  laws — sins  of  omission  and  commission  common  to  so 
many  builders  of  the  speculative  class— is  unfortunately  in  very  many  districts 
entirely  wanting.  Some  progress,  however,  has  been  made  in  recent  years  in  the 
right  direction ;  but  while  local  boards  and  vestries  are  discussing  various  points 

of  detail  in  their  proposed  bye-laws — occasionally  with  the  avowed  object  of  delaying 
the  adoption  of  the  r^ulations,  in  order  that  the  local  builders  may  be  unshackled 

as  long  as  possible— houses  are  being  run  up  by  the  score,  doomed  to  be  a  never- 
ending  and  constantly-increasing  soui^  of  expense  to  their  imfortunate  purchasers, 
an  annoyance  to  their  occupiers,  and  threatening  to  perish  from  premature  decay 
long  ere  the  term  of  the  ground  lease  has  run  its  course. 

Under  these  circumstances,  it  behoves  every  intending  tenant  or  purchaser  to 
make  the  most  searching  examination  he  can  of  the  house  he  purposes  to  inhabit 

In  the  case  of  a  tenant,  he  must  learn  the  all-important  lesson  that  the  law  recog- 
waeh  the  implication  of  no  covenant  or  promise  on  the  pcurt  of  the  lessor  that  the 
house  proposed  to  be  let  is  even  reasonably  fit  for  habitation,  or  that  it  will  endure 
during  the  term  of  the  intended  lease.  Nothing  can  be  more  distinct  than  this,  and 
the  veiy  harshness  of  its  operation  should  of  itself  deter  tenants  from  rashly  sad« 
dling  themselves  with  unseen  and  undreamt-of  liabilities^  Even  in  the  case  of  a  house 
let  on  a  yearly  agreement^  in  the  absence  of  any  express  stipulation  to  the 

contrary,  the  landlord  is  not  bound  even  to  maintain  the  roof  over  his  tenant's  head  ; 
neither  is  he  bound  to  keep  the  drains  in  proper  condition,  or  to  uphold  or  repair 
the  premises  in  any  way.  Hence  the  necessity  for  tenants  to  insist  upon  proper 
stipulatioDS  in  their  agreements;  or  if  themselves  undertaking  the  repairs,  to  protect 
themselves  by  taking  competent  advice  as  to  the  structural  and  sanitary  conditions 
of  the  house  to  be  leased.  Hence,  also,  the  great  importance  of  some  proper  and 
^'igilant  supervision  on  the  part  of  the  local  authorities  over  the  construction  of 
dwelling-houses,  especially  those  destined  for  the  occupation  of  the  middle  and 
poorer  dasses.  The  Legislature  has  given  them  ample  power  to  deal  with  such 
matt^!8,  and  it  only  remains  with  them  to  assume  those  powers  and  to  con- 
scientioasly  carry  them  out 

On  the  other  hand  there  is  <m  the  part  of  the  tenant  an  implied  covenant  to 



272  OUB   H0ME8. 

uphold  and  maintuHy  notwithstanding  the  absence  of  any  express  covenant  to  that 
effect 

The  usual  form  of  covenant  to  repair,  as  inserted  in  leases  for  tenns  of  yean,  is 
most  comprehensive,  and  though  it  varies  somewhat  in  stringency  in  different 
leases,  it  may  be  taken  as  a  rule  to  require  the  house  and  premises  demised  to  be 
kept  in  fair  tenantable  condition,  with  little  or  no  allowance  for  wear  and  tear.  It 
is  true  that  legally  a  tenant,  in  repairing,  is  not  bound  to  use  new  materiala  The 
distinction  is,  however,  in  practice  very  slight :  so  slight,  indeed,  that  as  a  matter  of 
&ct  it  is  never  observed ;  and  the  landlord  may,  and  often  does,  succeed  to  a  house 
little,  if  at  all,  deteriorated  in  value  since  the  granting  of  the  lease. 

All  this  sounds,  and  frequently  is,  very  harsh  and  exacting  upon  an  outgoing 
tenant.  There  is  all  the  more  necessity,  therefore,  for  a  strict  adherence  to  the 
caution  above  given  of  examining  well  and  carefully  the  condition  of  every 
part  of  a  house  about  to  be  inhabited. 

To  proceed,  then,  to  the  consideration  of  the  parts  to  be  most  critLcally  examined, 
and  the  methods  to  be  adopted  in  such  examination. 

Obviously  the  first  point  to  which  attention  should  be  directed  is  the  system  of 
drainage.  If  all  drains  were  laid  as  they  ought  to  be,  and  as,  with  but  little 
additional  outlay,  they  might  be,  there  would  be  no  difficulty  whatever  in  ascertaining 
in  a  very  short  space  of  time  in  what  position  and  in  what  condition  they  were; 
indeed,  it  would  be  well  if  every  intending  purchaser  or  tenant  were  to  insist  on 
actually  seeing  the  whole  course  of  the  drains ;  and  if  this  be  impossible^  he  should 
require  the  lessor  to  take  them  up,  and  relay  them  in  straight  lines,  and  with 
uniform  gradients  between  the  several  points  where  changes  of  direction  or  gradieD^ 

are  necessary,  so  that  by  means  of  suitable  inspection-holes  they  could  at  any 
moment  be  examined.  Of  course,  these  improvements  in  the  drains  of  the  house  will 
have  to  include  suitable  means  of  shutting  off.  the  passage  of  air  from  the  public 
sewer  into  the  house  drains. 

There  will  undoubtedly  be  much  difficulty  for  some  years  to  come  in  the 
adoption  of  such  a  course,  inasmuch  as  it  has  not  hitherto  been  customary  for  the 

speculating  builder  to  anticipate  such  a  proceeding  on  the  part  of  the  would-be 
tenant,  and  therefore  he  is  at  present  more  or  less  master  of  the  situation,  and  must 
be  expected  to  do  Ids  best  to  remain  so.  But  if  the  public  are  led  to  demand  proper 
arrangements,  such  arrangements  must  ultimately  be  provided.  Under  the  existing 
conditions,  imf ortunately,  instead  of  drains  being  laid  in  accessible  positions  wholly 
exterior  to  the  house,  and  in  lines  the  most  direct  possible,  they  are  usually  carried 

at  haphazard,  according  to  the  judgment  of  the  jobbing  drain-layer,  and  laid  from 
point  to  point  as  they  happen  to  be  wanted,  with  curved  bends  and  extemporised 
junctions  innumerable ;  and  very  frequently  they  are  placed  under  the  floor  of  the 

living-rooms,  perhaps  resting  on,  instead  of  being  buried  in,  the  ground.  Means  of 
access  are  not  even  thought  of,  much  less  provided,  the  only  thought  apparently 
being  to  hide  all  traces  of  them,  and  to  render  the  search  which  will  inevitably  have 
to  be  made  as  difficult  and  as  costly  as  possible.  In  a  future  chapter  will  be 
found  described  how  a  drain  ought  to  be  laid ;  it  is  merely  necessary  here  to  point 
out  that  without  proper  means  of  access  to  at  least  two  points  in  the  drain  of  even 
the  smallest  house,  that  house  cannot  be  said  to  be  properly  complete.  The  intending 
tenant  or  purchaser  should,  however,  do  more  than  insist  upon  proper  means  of 
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access  to  the  drain  being  provided ;  even  if  the  expense  have  to  be  borne  by  himself,  he 

should  have  the  drain  opened  at  two  points  and  '<  tested : ''  that  is,  filled  with  water, 
the  lower  end  first  being  stopped  with  clay  or  by  other  means,  in  orde)r  to  ascertain  if 
any  leakage  exists  in  any  part  The  presence  of  a  leak  will  immediately  make 
itself  known,  either  by  its  being  found  impossible  to  completely  fill  the  drain,  or  by 
the  water  slowly  wasting  away  after  the  pipe  haa  been  filled. 

While  on  the  subject  of  drains,  the  intending  tenant  will  do  well  to  examine 
carefully  all  the  traps  and  water  arrangements,  to  see  how  f&r  they  tally  with 
the  principles  of  sound  sanitary  conditions.  So  far  as  many  of  these  arrangements 
are  concerned,  some  help  is  in  many  places  now  afforded  to  tenants  and  occupiers  by 
the  regulations  of  the  water  compianies  for  the  prevention  of  waste  of  water. 
The  officers  of  these  authorities  usually  look  carefully  after  the  fittings  and 

waste-pipes,  and  inaiBt  upon  builders  complying  with  their  regulations;  and 
those  regulations  are,  as  a  rule,  based  upon  sound  principles  of  sanitary 
construction.  One  of  the  commonest  sources  of  expense  and  annoyance  is  the 

water-supply  pipe:  Frequently  of  insufficient  substance  of  metal,  fixed  in 
the  most  exposed  positions,  and  with  weak  and  faulty  joints,  what  wonder 
that  with  every  severe  trinter  one  part  or  another  bursts,  and  floods  ceilings, 
walls,  and  floors)  The  ball-valve,  too — ^that  bugbear  of  householders — either 
refuses  to  shut  off  the  water,  or  when  the  cistern  is  empty  declines  to  fall, 
and  80  prevents  the  ingress  of  the  water.  These  and  many  other  evils,  such  as 
the  leakage  of  taps,  which  the  plumber,  when  called  in  to  examine,  pronounces 

to  want  ''  grinding  in  " — an  operation  which  he  performs  periodically,  greatly  to 
his  own  benefit,  but  at  a  cost  to  the  householder  somewhat  greater  than  that 

of  a  new  tap — are  only  to  be  obviated  by  the  proper  provision  at  the  outset 
of  eveiything  of  the  best  and  most  durable  quality. 

An  intending  tenant  or  pturchaser  of  a  house,  who  is  limited  in  point  of  locality 
to  a  certain  given  neighbourhood,  cannot,  of  course,  exercise  much  discretion 
in  the  matter  of  sita  He  can,  however,  take  some  steps  to  ascertain  whether 
the  ground  on  which  he  proposes  to  dwell  has  or  has  not  been  the  place  of  deposit 

for  the  v^etable  and  other  dibria  of  the  *  neighbourhood.  He  can  also,  if 
he  take  timely  precaution,  insist  upon  the  surface  of  the  ground  under  the 
floors  being  covered  with  concrete  or  other  impervious  material,  to  prevent 

the  evils  arising  from  the  exhalation  of  ground-air  or  ground-moisture  into  his 
dwelling. 

He  can  further,  by  careful  examination,  ascertain  whether  a  proper  damp- 
proof  course  has  been  introduced  in  the  walls  of  his  house,  and  if  the  ground 
has  heen  raiaed  above  the  level  of  the  damp-course,  he  can  have  it  removed, 
and  either  lower  the  level  of  the  ground  near  the  house,  or  have  a  dry  area 
formed  round  it,  in  the  manner  described  in  the  earlier  part  of  this  work.  J£  his 
house  has  been  built  without  the  insertion  of  a  proper  damp-proof  course 
in  tiie  wallsy  it  will  be  worth  consideration  whether  the  house  deserves  his 
farther  attention.  From  the  conditions  of  the  site  and  the  character  of  the 

subsoil,  it  may  be  that  but  little  damp  will  rise  in  the  walls,  or  the  walls 
f^hemaehreB  may  be  constructed  of  exceptionally  hard  and  impermeable  matericLls ; 
otherwise,  if  the  house  is  one  that  possesses  so  many  important  advantages 
that  no  other  will  suit»  it  may  be  worth  while  to  have  a  damp-proof  course  inserted 
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in  the  walls — a  prooeu  inTolving  mnch  care  and  patience  on  the  part  of 
the  person  employed  to  do  the  work,  but  nevertheless  one  that  is  quite 
possible,  though  it  may  involve  what  may  be  regarded  as  a  rather  considerable 
expense.  It  can  hardly  be  expected  that  the  ordinary  householder,  who 
perhaps  considers  himself  not  justified  in  incurring  the  expense  of  employing 
a  competent  professional  adviser,  should  with  any  advantage  to  himself  be 
able  to  exercise  judgment  in  the  matter  of  such  materials  as  bricks,  stone, 
and  mortar.  He  can,  however,  recognise  lime  when  he  sees  it,  and  he  can  also 

discriminate  between  sand  and  road-sweepingSL  It  will  therefore  be  competent 

for  him  to  prevent*  the  use  of  the  latter  material  in  the  formation  of  mortar. 
The  salient  characteristics  of  good  bricks  and  stone  have  been  described  in 

a  preceding  chapter;  further  information  than  what  ia  there  contained  can 
hardly  be  of  service,  as  without  experience  and  practice  all  theories  are  of 
little  practical  value. 

If  the  external  walls  are  formed  of  such  pervious  materials  as  to  let  driving 
rain  penetrate  them,  the  remedy  will  have  to  be  sou^t  in  the  application 
on  tiie  outside  of  some  impermeable  material,  such  as  good  Portland  cement, 
tiles,  or  slates  laid  upon  battens  fastened  to  the  walls.  In  some  instances 

the  walls  may  with  advantage  be  pitched,  or  they  may  be  painted — a  process, 
however,  which  is  rather  costly,  and  must  be  renewed  at  somewhat  firequent 
intervals. 

If  the  householder  would  steer  clear  to  the  utmost  of  his  power  of  all 
unnecessary  repairs,  let  him  by  all  means  eschew  houses  into  the  external 
architecture  of  which  stucco  or  cheap  Bath  stone  enters.  More  fruitful  causes  of 
expense  do  not  exist  The  stucoo,  if  it  does  not  peel  off  or  come  away  in 

large  flakes,  will  at  the  end  of  a  few  years  infallibly  require  painting — a  process 
which  the  unfortunate  owner  will  find  to  his  cost  has  to  be  renewed  every 

three  year&  The  cheap  Bath  stone — of  which,  unfortunately,  so  much  is 
now  used  in  the  suburbs  of  London  to  produce  a  showy  and  attractive  appearance — ^is 
an  even  more  objectionable  material  than  stucco.  It  may  safely  be  predicated 
of  much  of  this  kind  of  stone  in  suburban  villas  that  it  will  within  a  very 
few  years  require  to  be  entirely  renewed :  needless  to  say,  at  a  very  heavy 
expenditure. 

Some  of  the  most  salient  points  on  which  a  householder,  unassisted  by 
competent  professional  advice,  may  do  something  towards  protecting  himself 
against  future  repairs  have  been  mentioned,  and  it  cannot  be  too  strongly  urged 

that  in  house-building,  timely  prevention  of  decay  by  the  substitution  of 
sound  materials  and  proper  construction  for  inferior  materials  and  scamping 
workmanship,  is  infinitely  better  and  more  economical  than  the  ciure  of  the 
evils  resulting  from  these  sources. 

It  must,  however,  happen  to  the  best-built  houses  that  repairs  are  at  times 
necessary,  and  it  will  Uierefore  be  useful  to  notice  some  of  the  most  £nequent 
and  important  of  these  repairs,  with  especial  reference  to  their  bearing  on  the 
subject  of  health. 

In  most  old  houses,  and  particularly  in  those  the  vooia  of  which  are  covered  with 

tiles,  the  roof  is  an  ever-recurring  source  of  trouble  and  expensa  The  wet  perhaps 
penetrates  through    the  ceiling  of    a    particular  I'oom.     The  cause   is   searched 
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for,  and  probably  traced  to  a  broken  or  defective  tile  or  slate ;  but  in  searching 
for  and  repairing  this  one  leak,  the  workmen  in  all  probability  will  leave  double 
the  damage  behind  them,  in  the  shape  of  tiles  or  slates  broken  during  their 
operations.  In  the  case  of  plain  tiles,  the  defects  are  not  uncommonly  caused  by 
the  decay  of  the  laths,  or  the  pins  to  which  they  are  fixed,  causing  the  tiles  to  slip 
down.  When  the  laths  decay,  the  roof,  or  the  defective  part  of  it,  should  at 
once  he  stripped,  as  otherwise  there  will  be  great  risk  of  the  decay,  which 

spreads  very  rapidly,  extending  to  the  raftei'&  In  re-tiling  a  roof,  the  best  of  the 
old  tiles  should  always  be  re-used,  as  they  are  better  as  a  rule  than  new  ones ;  and 

care  should  be  taken  that  each  tile  is  properly  fastened*  with  two  oak  pins. 
Pan-tiling,  which  was  once  a  favourite  method  of  roof-covering  for  country  houses, 
has  fallen  greatly  into  disuse,  except  for  farm  buildings  and  the  like.  The 
old  glazed  black  pantiles  of  the  last  century  make,  however,  veiy 

excellent  roof-ooverings,  and  if  laid  at  a  proper  pitch,  little  can  be  said  against 
them.  The  most  general  failing  in  pantiles  is  that  they  are  laid  at  an  angle 
much  too  near  the  horizontal,  and  depend  greatly  upon  their  pointing  for 
keeping  out  the  wet  When  this  is  the  case,  it  is  necessary  to  exercise  the 
greatest  care  in  pointing  the  tiles.  This  should  be  done  with  a  mixture  of 
lime  and  hair  and  Portland  cement ;  the  mortar  commonly  used  falls  out  after  a  very 
short  time,  and  the  roof  is  worse  than  if  it  had  never  been  pointed. 

A  not  uncommon  cause  of  damp  from  the  roof  is  the  neglect  to  periodically 
examine  and  repair  the  joints  of  the  brickwork  of  parapets  and  copings.  When  a 
parapet  wall  is  coped  with  stone,  and  the  mortar  or  cement  joints  between  the  stones 
get  worn  away,  and  are  not  promptly  repaired,  the  wet  will  soak  through  these  joints, 
and  60  down  the  wall,  and  will  make  itself  visible  by  stains  on  the  paper  of  the 
upper  rooms. 

So  also  with  chimney-stacks ;  in  course  of  time  the  mortar  perishes  and  falls  out, 
leaving  the  joints  open ;  driving  rain  will  then  beat  in,  and  soak  down  the  brick- 

work into  the  interior  of  the  house.  All  these  defects  can  be  prevented  by  timely 
precautions ;  periodical  examination  of  roofs  and  chimneys,  more  particularly  in  the 
autumn  and  at  the  end  of  the  severe  winter  months,  can  alone  ensure  anything  like 

immunity  from  damage.  For  pointing  open  joints  of  brickwork,  a  mortar  com- 

posed of  the  ashes  from  a  smith's  forge,  sharp  river  sand,  and  Portland  cement,  is  the 
most  durable  to  be  had. 

While  upon  the  subject  of  roofs,  it  should  be  noted  that  lead  gutters  frequently 
drop  and  become  faulty  in  consequence  of  the  decay  of  the  woodwork  which  supports 
them.  The  cause  of  this  decay  is  generally  to  be  traced  to  the  absence  of  ventilation 
to  the  woodwork.  Lead  is  also  subject  occasionally  to  the  attacks  of  a  kind  of  worm, 
which  eats  through  the  metal.  An  instance  of  this  was  discovered  at  a  church  at 
Wandsworth,  where  the  lead  was  actually  riddled  with  holes  eaten  by  these 
creatures. 

Not  the  least  important  part  of  the  present  subject  is  that  of  painting :  important 
not  only  on  account  of  its  value  as  a  preservative  for  wood  and  iron  from  the  effects 
of  weather  and  the  action  of  the  air,  but  also  from  its  cleansing  and  antiseptic 
properties.  So  important,  indeed,  is  the  periodical  renewal  of  the  paint  on  these 

materials,  that  it  has  been  for  many  years  past  recognised  by  law,  and  to  paint  out- 
side onoe  in  every  three  years,  and  inside  once  in  every  seven,  are  as  invariable 
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stipulataons  in  every  lease  as  that  the  tenant  shall  pay  the  rent,  or  the  landlord  give 
the  tenant  peaceable  possession. 

Gonunon  as  the  custom  is,  the  actual  work  is,  however,  frequently  performed  in 
a  most  improper  and  perfunctory  manner.  It  is  of  very  little  use,  for  instance,  to 
paint  over  a  wall  or  a  door  covered  with  the  accumulated  dirt  of  three  London 
winters  without  first  cleaning  the  sorfaoe  to  be  painted  in  the  most  thorough  manner 
possible.  Such  a  process  may,  however,  be  witnessed  not  unfrequently  by  those 
interested  in  such  matters.  Painting  on  old  work,  if  it  is  to  be  efficiently  done, 
must  be  on  as  clean  a  surface  as  it  is  possible  to  get ;  the  sur&oe  should  be  veil 
rubbed  down  and  properly  repaired.  If  during  the  preparatory  process  the  material 
become  exposed  in  any  parts,  extra  coats  of  paint  must  be  applied  to  those  parts  to 
bring  the  whole  of  the  paint  to  an  even  level 

The  foregoing  may  be  said  to  comprise  the  parts  of  a  house  most  generally  and 
universally  needing  periodical  repairs.  There  are,  besides,  many  matters  requiring 
careful  attention  from  time  to  time,  as  the  state  of  floor  and  roof  timbers,  the 

condition  of  brickwork,  especially  in  exposed  situations,  and  the  state  of  all  snch 
fittings  and  appliances  as  water-closet  apparatus,  sinks,  and  the  like. 

The  renewal  of  sash-lines,  again,  is  a  troublesome  repair  that  is  constantly  recur- 
ring, and  one  that  householders  might  themselves  easily  effect  if  they  were  willing  to 

give  the  requisite  time  and  trouble,  and  thus  save  the  anno3'ance,  not  to  say 
expense,  of  employing  a  jobbing  carpenter  for  the  purpose.  By  removing  the 
beading  which  holds  the  lower  sash  in  its  place,  and  then  prizing  out  the  lower 
portion  of  the  strip  of  wood  that  separates  the  places  in  which  the  two  sashes  slide, 

it  will  be  found  possible  to  take  out  what  is  called  the  "  pocket-piece" — a  loose  piece 
of  the  boxing  in  which  the  balance-weights  hang.  When  this  piece  of  wood  is  re- 

moved, it  will  afford  access  to  the  iron  weight,  the  cord  of  which  has  been  broken, 
and  which  will  be  found  at  the  bottom  of  the  boxing.  The  sash  involving  the  repair 
must  be  taken  out,  and  the  end  of  the  broken  cord  removed,  the  end  of  a  new  one 
being  nailed  in  its  place  in  the  same  way  as  the  old  one.  The  new  cord,  which  should 
be  a  stout  hempen  plaited  one,  not  too  large  for  the  pulley,  should  then  be  passed  over 

the  pulley,  and  allowed  to  fall  down  the  boxing  inside  the  window-frame  until  its  end 

can  be  got  at  through  the  pocket-hole,  when  it  may  be  fastened  to  the  balance- 
weight  ;  this  may  then  be  replaced  in  the  boxing,  the  pocket-piece  put  back  in  its 
place,  the  parting  strip  carefully  replaced,  and  the  sashes  and  beading  returned 
to  their  origLoal  position& 

The  enemy  most  to  be  feared  in  connection  with  woodwork  is  dry  rot,  a  fungus 
which,  once  established,  spreads  over  the  surface  of  the  timber  like  a  skin,  and  with 
marvellous  rapidity.  The  cause  of  its  appearance  is  generally  insufficient  ventilation. 

It  is,  however,  not  unfrequently  due  to  the  fact  of  the  timber  itself  being  in- 
sufficiently seasoned.  When  it  has  once  appeared,  there  is  no  remedy  but  to  remove 

the  whole  of  the  old  timber,  and  with  it  all  traces  of  the  fungus  ;  well  lime-white  the 
walls  before  fixing  the  new  timbers,  and  treat  the  new  timbers  with  some  efficient 
protective  solution. 

It  sometimes  happens  that  in  exposed  situations,  and  after  unusually  severe 
weather,  rain  will  penetrate  through  walls  in  places  that  had  hitherto  been  perfectly 

damp-proof.  It  will  generally  be  found  that  the  cause  is  due  to  the  decay  of  the 
mortar  joints,  and  the  remedy  for  this  is  to  rake  out  the  joint,  and  well  point  with 
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smith's  ashes  and  cement.  If,  however,  the  rain  actually  drives  through  the  bricks, 
the  best  remedy  to  adopt  is  the  use  of  one  of  the  water-proofing  solutions,  of  which 
there  are  several  available.  This  course  is  held  to  be  preferable  to  covering  the  wall 
with  cement  stucco,  as,  while  preserving  the  interior  from  damp,  it  is  alleged  that  it 
does  not  interfere  with  the  porosity  of  the  bricks — a  point  of  considerable  im 
portanoe. 

The  last  point  to  be  mentioned — ^the  condition  of  water-closet  apparatus,  sinks, 
and  other  fittings — is  one  to  which  too  much  attention  can  hardly  be  paid.  Water- 
closet  basinsy  even  of  the  best  construction,  require  to  be  cleaned  regularly,  or  they 
become  fool  and  offensive.  This  is  more  particularly  to  be  observed  in  the  case  of 

pan-elosets,  ̂ vhere  from  any  cause  such  objectionable  things  are  perforce  retained. 
A  periodical  cleansing  with  a  hard  brush  and  strong  soda  and  water  or  spirits  of 
salts  will  go  far  to  lighten  the  evils  inseparable  from  this  class  of  apx)aratus. 
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CHAPTER  XXV. 

THE  ABCHITBCT  AND  ARCHITECTURE. 

Origiii  of  Arohitecture — Its  Element! — Oonvenienoe,  Strength,  Mid  Beauty— Effect  on  Architecture  of 
Climate  and  MaterialB. 

At  whatever  period  of  time  man  first  made  his  appearance  on  this  island,  it  may 
fairly  be  assumed  that  amongst  his  first  wants  would  be  that  of  a  shelter  from 
the  inclemency  of  the  weather.  Hie  most  primitive  type  of  man  of  whom  any 
records  exist  obtained  this  shelter  by  appropriating  for  the  purpose  natural  caves 

in  the  earth.  He  was,  In  fact,  as  regards  his  dwelling-place,  on  a  level  with  the 
lower  animals,  such  as  the  cave-bear  and  the  cave-hysBna ;  he  was  a  cave-man. 
Dim  and  uncertain  as  are  the  conditions  of  this  primeval  man  and  the  country  be 
lived  in,  they  are  only  slightly  less  conjectural  than  those  of  the  early  inhabitants 
of  this  country  prior  to  the  invasion  by  the  Bomana  Certain  it  is,  however,  that 
in  some  rude  and  primitive  fashion  these  ancient  Britons  made  for  themselves 
dwellings  which  were  superior  to  those  of  the  most  barbarous  nations.  In  very 
early  times  it  seems  to  have  been  customary  to  surround  the  dwelling  with  a 
mud  wall  as  a  protection  both  against  wild  beasts  and  human  enemies.  Thus  a 
second  element,  that  of  defence,  was  introduced.  With  the  gradual  growth  of 
civilisation,  dwellings  b^;an  to  assume  a  character  more  in  accordance  with  decency 
and  morals.  Some  rude  magnificence  was  introduced  into  the  houses  of  the  nobles, 
and,  besides  the  primary  ideas  of  shelter  and  defence,  thoughts  of  comfort  and  order 
began  to  assume  prominence.  The  Norman  Conquest  flooded  the  island  with 
warlike  knights  eager  to  be  rewarded  for  their  services  with  grants  of  the  fair 

pasture-lands  of  England.  They  had  their  rewards,  and  through  the  length  and 
breadth  of  the  land  strongly-fortified  castles  rose  on  every  hand.  A  new  prominence 
was  thus  given  to  the  idea  of  defence,  and  this  influenced  to  a  very  great  extent  the 
character  of  domestic  architecture  during  the  middle  ages.  Coming  down  to  more 
recent  times,  the  castle  will  be  found  giving  place  to  the  mansion,  and,  at  the  same 
time,  with  the  decay  of  feudalism,  a  new  class,  that  which  is  now  called  the  middle 
class,  comes  into  prominence  with  houses  adapted  to  their  special  needs,  and  the 
development  of  the  more  purely  homelike  idea  is  commenced  What  records  exist 

of  the  social  habits  of  the  earliest  times  show  that  men's  ideas  of  comfort  and 
decency  were  of  the  barest  possible  kind.  Although  remains  exist  which  prove  that 
the  Britons  were  in  the  habit  of  paving  the  floors  of  their  dwellings  with  thin  stone, 
yet  there  is  no  doubt  that  earth  floors  were  common  many  centuries  later  than 
British  times.  As  late  as  the  thirteenth  century  the  space  below  the  dais  in  the  hall 

is  called  "  the  marsh  " — doubtless  from  its  filthy  condition.  Probably,  one  of  the 
earliest  records  of  attention  to  sanitary  matters  is  in  the  London  Assize  of  1189, 

where  mention  is  made  of  '*  cameras  privatsB,"  or  privies,  and  from  time  to  time 
in  contemporary  documents  passages  occur,  relating  to  this  and  the  kindred 

subject  of  drains  to  carry  off  foul  watei*.  Thus  another  element,  that  of  health, 
*s  introduced. 

These  various  elements,  shelter,  comfort,  defence,  order,  and  health,  were  expressed 
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in  many  different  ways;  but  in  most  cases  there  is,  over  and  above  the  bare  necessities 
of  the  time,  the  addition,  in  a  greater  or  less  degree,  of  ornament. 

It  is,  then,  the  combination  of  these  elements  with  the  addition  of  ornament 
which  forms  architectnr& 

Now  the  thought  of  health  has  an  important  bearing  on  all  details  of  architec- 
ture, be  they  simply  those  which  relate  to  the  strength  and  permanence  of  a  dwelling 

on  the  one  hand,  or  those  which  tend  to  cultivate  a  refined,  and  therefore  healthy 
sentunent  in  matters  of  taste  on  the  other.  For  unless  the  house  be  well  and 

strongly  built^  the  health  of  the  inmates  will  suffer  from  its  defects,  and  unless  the 
design  be  one  which  supplies  all  the  requirements  of  good  taste,  the  mind  is  apt  to  be 
prejudiced  by  its  influence.  Moreover,  no  design  can  be  regarded  as  attaining  to  real 
excellence  which  does  not  insist^  not  only  on  that  which  delights  the  educated  and 
refined  eye,  but  on  that  which,  in  its  form  and  in  its  composition,  is  conducive 
to  the  health  and  the  comfort  of  those  who  are  subjected  to  its  influences. 

The  special  conditions  which  have  affected  architecture  in  the  past,  and  do 
affect  it  in  the  present,  will  now  be  dealt  with ;  and  it  is  purposed  to  endeavour  to 
deduce  from  the  consideration  of  these  conditions  some  general  principles  of  design, 
applicable  to  domestic  architecture  in  this  country  at  the  present  day. 

But  first)  it  may  fitly  be  inquired,  what  in  broad  terms  constitutes  good 
architecture  Y 

Palladio,  quoting  from  Yitruvius,  says :  "  that  in  every  &bric  three  things  are 
requisite,  viz.,  Gonveniericyy  Strength^  and  Beauty  ;  for  without  them  no  building  can 

merit  our  esteem  and  approbation." 
"  Architecture,"  says  M.  Viollet-le-Duc,  **  is  composed  of  two  elements — theory 

and  pnicti€&  The  theory  comprises  the  art^  properly  so  called ;  the  rules  suggested 
by  taste,  outcomes  of  traditions,  and  the  science,  which  can  be  demonstrated  by 
invariable  absolute  formula  The  practice  is  the  application  of  theory  to  needs ;  it 
is  practice  which  acoonmiodates  the  art  and  the  science  to  the  nature  of  the 
materials^  to  climate,  to  the  manners  of  the  age,  and  to  the  necessities  of  the 

time."* 
Taking,  then,  the  three  heads  of  Yitruvius :  under  the  head  of  Oonveniency  will 

be  found,  first,  the  obvious  truth  that  every  building  must  be  appropriately  arranged 
for  the  purpose  for  which  it  is  to  be  used  ;  and  secondly,  that  not  only  must  the 
parts  be  disposed  in  a  convenient  and  seemly  fashion,  but  the  ornament  and 
character  of  each  kind  of  building  should  be  distinctive  and  appropriate  to  the 
purposes  for  which  the  building  is  required.  Thus^  a  church  must  be  arranged  with 
due  r^ard  to  the  mode  of  worship  contemplated  ;  a  palace  for  ceremonies  ;  and  a 
dwelling  to  the  habits  and  requirements  of  the  inmates.  So  also  the  ornament  that 
wodd  be  seemly  and  appropriate  in  a  church  would  be  misplaced  in  a  theatre,  and 
viceifsrscL 

Again,  in  planning  a  house  in  which  people  az^  to  live  under  circumstances  of 
health,  proper  provision  must  be  made  for  ventilation,  for  warmth,  and  for 
protection  from  climatic  changes,  and  this  provision  must  of  necessity  depend  upon 
conditions  special  to  the  countries  which  these  people  inhabit. 

The  second  requirement^  Strength,  is  perhaps  not  the  least  important  of  the 
ibrea    The  various  materials  used  in  construction  must  each  be  appropriate  to  its 

•  "Dirtiomiain  BdMmU  d»  I'Afdhiteatim,"  Vol.  L ;  Art.  <*  Arohiteeture.' 
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peculiar  purpose,  and  must  be  used  with  due  regard  to  the  laws  which  goveni  and 
control  natural  foroea  Again,  the  supports  of  a  building  must  be  disposed  in  soch 
a  manner  that  no  unnecessary  expenditure  of  strength  or  material  is  involved  The 
best  construction  is  that  which  combines  the  maximum  of  strength  with  such 
economy  of  material  as  is  consistent  with  beauty  of  form. 

The  third  head,  Beauty,  is  divisible  into  three  parts — ^harmony,  proportion,  and 
ornament  Thouf^  the  subject  is  capable  of  further  subdivision,  yet,  fw  the 
present  purpose,  it  is  sufficient  to  consider  these  three  elements  as  together  forming 
beauty  in  architecture. 

Harmony  may  be  defined  as  an  effective  blending  of  parts,  often  very  diverse  in 
themselves,  into  a  rhythmic  and  consistent  whola  It  is,  in  fact,  analogous  to  the 
harmony  of  music,  which  consists  of  an  effective  blending  or  combination  of  sounds 
of  different  pitch.  Each  sound  or  note  is  beautiful  in  itself,  nor  can  it  be  said  that 
any  one  note  is  more  beautiful  than  another.  Similarly,  many  forms  used  in 
architecture,  as  the  circle,  the  square,  the  triangle,  and  so  forth,  have  each  their 
special  fitness,  nor  can  one  form  be  said  to  be  more  valuable  than  another.  Bnt 
just  as  in  music,  the  improper  combination  of  notes  produces  an  unpleasant  sensation 

which  is  called  discord,  so  in  architecture  the  improper  combination  of  parts  pro- 
duces an  analogous  effect,  which  may  also  fitly  be  called  discord.  Harmony  in 

architecture  is  not  alone  a  harmony  of  form ;  it  is,  perhaps,  more  closely  connected 
with  emotion.  The  vaulted  roof  and  stately  columns  of  a  mediaeval  cathedral, 
which  are  the  outcome  and  expression  of  a  refined  and  lofty  religious  system,  would 

clearly  be  out  of  tune  with  the  requirements  of  a  modem  music-hall ;  on  the  other 
hand,  it  is  quite  possible  for  architecture  of  a  style  and  period  totally  diverse  to  be 
placed  side  by  side  in  the  same  building  with  perfect  consistency  when  harmonised 
Witness,  for  instance,  the  tombs  of  the  Cardinals  Amboise,  in  Rouen  Cathedral,  and 
the  beautiful  renaissance  stalls  in  many  of  the  Belgian  cathedrals. 

Again,  harmony  by  no  means  implies  a  necessary  uniformity.  To  illustrate  the 
truth  of  this  we  have  only  to  contrast  such  examples  as  the  Rows  at  Chester,  and  the 
Spanish  houses  on  the  Quay  at  Ghent,  with  those  in  such  a  street  as  Crower 
Street,  or  in  one  of  the  rows  of  stuccoed  mansions  constanUy  springing  up  at 
south  Kensington. 

In  the  old  examples,  there  is  a  variety  and  play  of  fancy  applied  to  similar 
forms  and  for  similar  purposes,  whilst  in  the  modem  work  instanced  above  a 
dead  level  of  uniformity  is  reached  which  can  only  be  likened  to  a  tune  consisting 
of  one  phrase  only,  constantly  repeated. 

Proportion  is  a  property  essential  to  good  architecture,  and  is  closely  allied 
to  the  previous  one  of  harmony.  Although  proportion  plays  a  most  important  part 

in  architecture,  yet  it  iS,  as  has  been  well  remarked,  '^  difficult  to  say  wherein  it 
consists — as  difficult  as  to  say  what  beauty  is,  of  which  indeed  it  is  one  of  the 

elements."  Theories  without  number  have  been  propounded  to  show  that  proportion 
consists  of  more  or  less  intricate  mathematical  problems.  We  are  told  that 
mediaeval  cathedrals  are  developments  of  squares  and  triangles,  or  combinations  of 
one  or  both  of  them  amongst  other  systems.  These  theories,  at  least  some  of  them, 
certainly  work  out  logicaUy  enough ;  it  is  unfortunate,  however,  that  in  so  many 
instances  they  follow,  instead  of  preceding,  the  buildings  to  which  they  are  applied. 
These  theories  of  mathematical  proportions  in  varied  forms  were  at  one  time  rigidly 
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applied  in  tihe  planning  of  dwelling-housea  As  might  be  expected,  thej  were 
freqaentlj  antagonistic  to  conyenience,  and,  as  a  result,  the  health  and  domestic 
comfort  of  the  inhabitants  were  sacrificed  to  an  idea. 

It  is  the  eye  and  hand,  accustomed  from  tradition,  tuition,  and  practice,  which 
in  each  case  seizes  upon  and  determines  those  just  and  correct  proportions  which 
the  mathematician  afterwards  reduces  to  rule  hj  the  aid  of  his  science.  Closely 
allied  to,  and,  in  fact^  forming  part  of,  the  element  of  proportion  is  the  principle 
of  fljmmetrj.  At  one  period  the  desire  for  rigid  symmetry  carried  architects 
to  most  extravagant  excesses.  If  a  wing  were  required  on  one  side  of  a  house 
to  accommodate  the  stables,  a  corresponding  wing  was  invariably  provided  to 
balance  it^  and  this  wing  might,  and  often  did,  contain  the  chapeL  The  absurdity 
of  such  an  arrangement  will  be  apparent  when  it  is  recollected,  apart  from  the 
objection  that  would  exist  in .  many  minds  to  an  association  of  idea  between 
the  stable  and  the  chapel,  how  totally  different  the  necessities  of  warming  and 
ventilation  in  these  buildings  are,  and  yet  for  the  purpose  of  symmetry,  the 
convenience  and  health  appliances  of  the  one  must  be  sacrificed  to  the  appeanmoe 
of  the  other,  or  both  must  suffer. 

In  one  plan  for  a  comparatively  small  house  by  Palladio,  there  are  no  less  than 
four  staircases,  two  of  which  are  obviously  planned  to  balance  the  other  two. 
It  win  readily  be  seen  that^  carried  to  excess,  this  idea  of  symmetry  involves 
moonvenienoes  and  absurdities  in  the  internal  arrangements  of  a  house  for  which 
no  amount  of  grandeur  in  the  exterior  can  possibly  compensate. 

The  third  constituent  of  beauty,  ornament,  may  be  defined  as  the  refinement  or 
enrichment  of  a  building  by  the  application  of  carving  in  some  form  or  other,  of 
oolour,  or  of  other  forms  of  decoration ;  the  object  in  view  being  either  an  attractive 
appearance,  or  the  amplification  of  the  ideas  suggested  by  the  general  forms.  In 
▼hatever  way  it  be  applied,  it  has  been  held  that  ornament  must  be  subject  to 
t«ro  rules;  first,  it  must  be  accessory  to  the  design  of  which  it  is  to  form  a 

(>art ;  secondly,  it  must  be  appropriate  to  and  in  harmony  with  the  surroundings. 
To  this  must  now  be  added  that  the  ornamental  accessories  of  a  house  must, 

both  as  to  form  and  material,  be  strictly  in  accordance  with  sound  principles  of 

healthy  construction.  Of  ornament,  beautiful  in  itself,  but  hopelessly  misapplied, 
the  caryatid  porches  at  St.  Pancras  Church  in  the  Euston  Boad  are  conspicuous 
examples^ 

It  is  not,  moreover,  by  any  means  a  rule  that  ornament  ia  even  necessaiy 

to  good  aichitecture.  As  Gwilt  observes,  "  The  absence  of  it  altogether  is  in 

many  cases  a  mode  of  decoration."  Grecian  Doric,  for  instance,  is  a  style  which 
may  be  used  quite  independently  of  ornament.  So  also  in  many  of  the  domestic 

bnildingB  of  the  Middle  Ages  true  architectural  effect  is  often  obtained  without  the 

aid  of  ornament.  Such  examples  as  the  warehouses  at  Nuremberg,  and  the  public 

schools  at  Oxford  (street  front),  evidence  the  truth  of  this ;  or,  to  cite  a  modem 

example,  Newgate  Prison  is  a  building  which,  from  the  very  fact  of  its  rigid  lack  of 
ornament^  satisfies  the  critical  eya 

Hie  danger  accompanying  the  use  of  ornament  is,  that  it  is  likely  to  become 

the  mistress,  and  not  the  handmaid,  of  the  architect,  whose  power  is  oftener  shown 

in  withholding  ornament  than  in  applying  it. 
Two  kinds  of  ornament  are  at  the  service  of  the  architect^  form  and  colour 
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Under  the  head  of  form  are  included  all  kinds  of  mouldings  and  sculpture. 

Mouldings  may  be  defined  as  the  application  of  curved  and  recessed  sur&toes  to 
constructional  features.  A  moulding  should  always  have  the  effect  of  appearing  to 
strengthen  the  part  to  which  it  is  applied  by  emphasising  the  main  oonstructiTe 
lines.  Theoretically,  a  moulding  should  be  actually  part  of  the  essential  construction ; 

practically,  it  is  generally  an  independent  feature  applied  to  the  construction.  The 
function  of  a  moulding  being  to  enrich  the  part  to  which  it  is  applied  by  the 
addition  of  certain  effects  of  light  and  shade,  it  may  be  conceded  that^  provided 
the  result  is  subordinate  to  the  main  lines,  the  question  of  whether  it  is  worked 

out  of  the  solid  or  "  stuck  on  "  is  of  no  great  moment  In  the  term  sculpture  may 
be  included,  besides  all  kinds  of  carved  ornament^  the  use  of  ornament  cast  or 
moulded  in  plaster,  and  of  incised  work.  Except  in  such  cases  as  sculpture  of 
a  monumental  character,  where  the  architecture  serves  only  as  a  frame  to  the 
statue,  sculpture  should  always  be  subordinate  to  Uie  main  lines  of  a  building. 
It  should  serve  to  emphasise  and  enrich  without  being  so  conspicuous  an  object  as 
to  attract  attention  for  itself.  In  the  most  perfect  development  of  any  style, 
whether  it  be  Greek  or  Gothic,  it  will  be  found  that  the  sculpture,  exquisitely 
beautiful  as  it  is,  is  invariably  subordinated  to  the  architecture.  It  may  therefore 
be  taken  as  an  axiom  that  where  the  most  striking  and  conspicuous  part  of  a 
building  is  the  carved  ornament,  there  the  ornament,  good  as  it  may  be,  is  in 
excess  and  misapplied.  At  the  same  time  it  is  perfectly  possible  for  a  building 
to  be  literally  covered  with  ornament  which  yet  is  subordinated  to  the  design 
of  the  whole.  Instances  of  the  truth  of  this  may  be  seen  in  the  Town  Hall 

of  Louvain,  and  among  modern  buildings,  the  Houses  of  Parliament  at  West- 
minster. 

In  the  application  of  colour  to  the  exterior  of  a  building,  regard  must  be  had, 
first,  to  the  amount  of  coloured  materials  available,  and,  secondly,  to  the  probability 
of  these  materials  permanently  retaining  their  colours.  The  application  of  fresco 
painting  to  this  purpose,  as  at  Munich,  in  the  Tyrol,  and  at  Orvieto,  is  obviously 
imsuited  to  the  climate  of  this  country.  Such  coloured  decoration  as  can  be  applied 
to  the  exterior  of  buUdings  ought,  in  this  country,  to  have  a  washable  surface. 
This  is  more  especially  necessary  in  towns  where  the  atmosphere  is  loaded  with 
deleterious  gases.  For  ordinary  purposes,  stones  of  various  colours,  marbles, 
granites,  and  coloured  bricks  are  readily  available  Terrarcotta,  glazed  and  imglazed, 
majolica,  and  encaustic  tiles  all  lend  themselves  to  external  decoration.  The 

application  of  glazed  terra-cotta  in  various  forms  is  a  mode  of  decoration  which 
does  not  seem  to  have  had  as  yet  the  attention  it  deserves. 

Probably,  now  that  conditions  relating  to  health  are  more  held  in  view  than 
formerly,  the  very  great  advantages  which  necessarily  follow  from  the  adoption  of 
surfaces  which  can  be  washed  will  lead  to  a  further  development  of  this  mode  of 
decoration.  Marble  inlay  and  glass  mosaic  both  present  facilities  for  decoration  of  a 
more  elaborate  natui*e.  It  rests  with  the  architect  to  make  choice  of  such  materials 
as  will  best  harmonise  and  endure. 

The  conditions  which  affect  domestic  architecture  are  principally  -  climate, 
materials,  and  social  habits. 

The  climate  of  a  country  has  necessaiily  a  very  important  influence  on  the  form 
and  construction  of  the  dwellings  of  its  inhabitants.     In  this  country  we  have  not 
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the  extreme  variations  of  temperature  prevalent  in  countries  of  different  physical 
ocmditions.  There  are,  however,  even«  in  the  mild  and  equable  climate  of  England, 
considerable  variations  in  the  amount  of  rainfall  in  different  parts,  the  mean  annual 
rain&U  varying  from  under  25  inches  in  the  eastern  counties  to  as  much  as 
165  inches  at  Seathwaite,  in  Cumberland.  Thus  it  becomes  necessary  in  many 
localities  to  take  extra  precautions  to  keep  out  the  rain.  It  is  this  equable  climate 
which  gives  their  distinctive  character  to  English  houses  as  compared  with  houses 
in  Italy  and  Spain,  where  a  main  thought  is  exclusion  of  excess  of  light  and  heat ; 
or  in  Russia,  where  double  windows  and  extra  thick  walls  are  needed  to  afford 

protection  from  cold. 
Of  equal  importance  to  the  present  purpose  is  the  subject  of  materials. 
The  range  of  materials  readily  at  hand  and  fit  for  use  has  always  exercised  a 

very  distinct  influence  on  the  architecture  of  the  country.  In  ancient  Greece  the 

temples  which  have  remained  for  some  twenty-five  centuries  as  monuments  of  the 
skill  and  genius  of  their  designers  evidence  the  influence  which  the  possession  of  an 
enduring  and  beautiful  material  had  upon  forms  derived  from  construction  in 

timber.  Again,  in  two  such  widely-separated  countries  as  Norway  and  China,  the 
use  of  wood  has  had  the  effect  of  producing  churches  in  the  former  curiously 
resembling  the  pagodas  of  the  latter. 

In  EIngland,  where  in  many  parts  stone  is  not  indigenous,  and  is  only  to  be 
procured  at  great  cost  for  labour  and  transit,  the  material  most  largely  used  for 
walls  is  brick.  It  follows,  therefore,  that  the  use  of  brick  has  in  many  places 
greatly  modified  the  architecture  of  the  country.  Indeed,  it  may  be  affirmed  that  the 
use  of  brick  has  produced  at  least  one  distinct  style  of  architecture  in  this  country. 
The  brick  architecture  of  the  seventeenth  and  eighteenth  centuries,  which  it  is 
the  fashion  now  to  call  Queen  Anne,  was  certainly,  amongst  other  causes,  developed 
by  the  thoughtful  and  judicious  application  of  brickwork  to  domestic  building,  and 
doubtless  was  in  no  slight  degree  due  to  the  lesson  derived  from  the  great  fire 
of  liOndon. 

It  will  generally  be  found  the  safest  and  most  economical  plan  to  utilise  such 
materials  as  may  be  at  hand.  Curious  mistakes  in  this  direction  have  been  made  for 
want  of  a  little  technical  knowledge  on  the  part  of  the  designers.  Thus,  in  building 
the  Government  House  at  Corfu,  a  soft  and  perishable  limestone  was  transix)rteil 
from  Malta,  Corfu  itself  possessing  a  far  superior  stone  for  the  purpose.  A  like 

blander  was  made  at  St.  John's,  Newfoundland,  where  granite  was  brought  from 
Aberdeen  for  building  the  Government  House,  granite  itself  forming  the  ground 

hard  by.* 

*  Prof.  Bapert  Jonei's  Anniial  Addrew  to  the  Qeologioal  AMOoiation,  1879. 
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CHAPTER  XXVI. 

BARLT     HISTORY    OF    ARCHITECTURB. 

Influence  of  Socml  Habits  on  Architecture— Tkie  Feudal  SyBtem— Eariy  Neglect  of  Senitaiy  Conditions 
— Oraduid  Improrements— Riie  of  ■nooe«iTe  Styles  of  Domestic  Architecture— Effects  of  increaaed 
Civilisation  and  Refinement. 

Thb  influence  of  social  habits  and  manners  is  perhaps  the  most  important  in  its 
effects  on  domestic  architecture  of  any  that  have  jet  been  mentioned.  It  is  aa 
influence  that  is  always  at  work,  and  in  the  present  day  is  largely  taking  the  line 
of  improved  sanitary  arrangements ;  a  part  only,  but  a  most  important  part  of  the 
comparatively  new  but  important  science  called  Social 

The  progress  of  architecture  in  its '  artistic  aspect  is  so  closely  bound  up  with 
social  progi'ess  that  the  two  may  fitly  be  considered  simultaneously.  In  order 
to  do  Uus  it  will  be  necessary  to  treat  the  subject  to  a  certain  extent  historically. 

At  the  period  immediately  following  the  Norman  Conquest,  which  is  sufficiently 
early  for  the  present  purpose,  it  will  be  found  that  society  in  this  country  may 

roughly  be  divided  into  four  classes — the  nobles  and  small  landowners,  the  clergy, 
the  townsfolk,  and  the  agricultural  classes. 

Following  the  cttstom  then  prevalent  over  the  greater  part  of  Europe,  the 

Norman  barons  held  the  estates  granted  to  them — and  of  course  in  many  cases  seized 
by  main  force  from  their  Saxon  owners — ^in  fee  from  the  Crown,  the  fee  being 
military  service.  The  great  feudatories  commonly  difided  their  estates  somewhat 

in  this  manner  : — A  portion  would  be  granted  to  one  or  more  tenants  in  considera- 
tion of  certain  services  being  performed.  These  tenants  were  freemen,  and  their 

tenure  was  what  is  now  called  freehold.  The  portion  reserved  for  the  lord's  own 
residence  was  called  the  demesne,  and  of  this  a  threefold  division  was  frequently 
made  by  him.  One  part  he  retained  in  his  own  occupation,  to  be  cultivated  by  his 
villeins,  or  bondsmen,  for  his  own  sustenance ;  of  another  part,  he  delivered 
possession  to  the  villeins  themselves  for  their  sustenance,  who  in  course  of  time 

became  copyhold  tenants ;  the  third  part  was  termed  the  lord's  wastes,  and  served 
for  roads,  and  for  the  enjoyment  of  the  various  rights  of  common  for  himself  and 

all  the  tenants.*  In  the  lawless  and  unsettled  state  of  society  it  became  necessary 
for  every  man  who  had  the  means  of  defence  at  his  command  to  construct  his 
dwelling  in  such  a  manner  that  it  would  stand  a  lengthened  siege.  The  Normans 
knew  well  how  to  do  this,  and  hence  it  is  that  such  valuable  records  of  their  times 

remain  in  the  numerous  castles  which  exist  to  this  day.  Of  castles  belonging  to 

this  period  the  following  may  be  cited :— -Tower  of  London,  Rochester,  Dover, 
Colchester,  Norwich,  Guildford,  Oxford,  Bamborough,  Corfe,  Conisbui^h,  York, 

Tunbridge.  Cromwell's  soldiers  did  their  utmost  to  destroy  Corfe  Castle,  but  only 
succeeded  in  detaching  huge  masses  of  masonry,  which  still  remain  on  the  side  of 
the  hill  where  the  soldiers  left  them. 

The  castle  usually  consisted  of  a  square  or  round  tower,  called  the  keep,  in 

*  " Sussex  Arohseological  Gollectiona,*'  Vol.  XXL,  p.  116.  The  statute  "Quia  emptorea,^  pro- 
hihiting  sub-infeudations,  was  passed  in  a.d.  1290.  AH  existing  manors  date,  therefore,  from  before 
that  time. 
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which,  were  placed  the  living-rooms  of  the  owners.  These  rooms  consisted  usually 
of  the  hall,  or  common  room,  where  every  one  fed,  and  where  the  visitors,  retainers, 

and  servants  all  slept.  An  upper  room  served  bjs  a  bed-room  for  the  lord  and  his 
family.  Under  the  whole  was  the  dungeon.  The  domestic  offices  were  generally 
little  better  than  sheds  of  wood,  built  in  the  courtyard.  The  roof  of  the  keep  was 
usually  flat,  and  the  parapet  walls  were  pierced  by  crenells,  or  battlements,  to 
constract  which  a  royal  licence  was  required.  The  courtyard,  or  ballium,  was 
enclosed  by  walls  of  great  thickness,  which  were  also  crenellated,  and  frequently 
famished  with  towers  for  the  purpose  of  defence.  Around  the  whole  was  a  fosse,  . 

or  moat  Some  idea  of  the  amount  of  castle-building  which  went  on  in  the  period 
immediately  following  the  Conquest  may  be  gathered  from  the  fact  that,  in  the 
reign  of  Stephen,  upwards  of  1,100  castles  existed  within  the  boimdaries  of 
England. 

The  smaller  class  of  landowners,  the  sub-feudatories,  frequently  had  their 
houses  constructed  of  wood,  and  in  cases  of  danger  most  probably  took  refuge 
within  the  precincts  of  the  castle  of  the  over  lord.  Sometimes,  however,  these 
manor  houses  (as  was  the  case  more  frequently  in  later  times),  were  constructed 
of  stone,  and  of  sufficient  strength  to  withstand  assault  They  rarely  contained 
more  than  two  rooms,  probably  never  more  than  three. 

The  condition  of  the  villeins  was  wretched  in  the  extreme,  in  fact,  scarcely 
better  than  slavery.  Their  dwellings  were  commonly  rude  hovels  of  mud  and 
thatch,  in  the  one  apartment  of  which  the  whole  family  slept  Sometimes  two 
apartments  existed,  one  of  which  was  allotted  to  the  cow.  The  floors  were  either 

of  mud  or  roughly  paved  with  pebbles. 
The  towns  resisted  successfully  all  encroachments  of  feudalism,  and  preserved 

th^ir  independence,  although  subjected  at  times  to  considerable  hardships  at  the 
bands  of  the  nobility.  Owing  to  the  almost  universal  use  of  timber,  very  few 
remains  of  domestic  buildings  in  towns  prior  to  the  thirteenth  century  exist  The 

house  called  the  Jew's  House,  at  Lincoln,  is  a  tolerably  well  preserved  specimen 
of  the  period.  The  doorway  and  the  two  window-openings  on  the  upper  floor 
are  characteristic  examples  of  Norman  work.  The  house  ap|>eai's  to  have  consisted 
of  tvo  rooms  only,  one  on  the  upper  and  one  on  the  ground  floor,  though  it  is 
possible  that  one  or  both  may  have  been  divided  by  internal  partitions. 

As  a  rule,  however,  houses  in  towns  were  principally  built  of  timber.  Thus 

we  find  that  in  order  to  remedy,  if  possible,  the  inconvenience  and  loss  occasioned 
by  the  constant  occurrence  of  fires,  the  citizens  of  London,  in  the  reign  of  Richard  L, 

^I'amed  certain  regulations  touching  the  construction  of  houses,  which  are  embodied 
in  a  document  bearing  date  1189,  and  called  ''An  Assiza''  This  interesting 
record,  the  first  ''Building  Act,"  recites  that  in  ancient  times,  tliat  is,  prior  to 
the  jear  1189,  "the  greater  part  of  the  city  was  built  of  wood,  the  houses 
being  roofed  with  straw,  reeds,  and  similar  materials.  The  frequent  fires  which 
took  place  owing  to  this  mode  of  building,  and  more  particularly  the  great 
conflagration  in  the  first  year  of  the  reign  of  Stephen,  which  spread  from  London 
Bridge  to  the  church  of  St  Clement  Danes,  destroying  in  its  progress  the 
cathedral,  compelled  the  citizens  to  adopt  some  measures  to  avert  the  recurrence 

of  each  a  calamity.  "Therefore,''  says  the  Assize,  "many  citizens,  to  avoid  such 
danger,  built  according  to  their  means,  on  their  groimd,  a  stone  house  covered 
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and  protected  hy  thick  tiles  against  the  fury  of  fire,  whereby  it  often  happened 
that  when  a  fire  arose  in  the  city  and  burnt  many  edifices  and  had  reached  audi 
a  house,  not  being  able  to  injure  it^  it  there  became  extinguished,  so  that  many 

neighlx>urs'  houses  wera  wholly  saved  from  fire  by  that  house. '^ 
It  will  be  seen  from  the  foi^going  extract,  that  little  or  no  advance  had  be^ 

made  in  the  mode  of  building  since  Saxon  times.  The  <' Assize"  conmiences 
by  laying  down  rules  for  the  formation  of  what  we  now  call  party  walls.  These 
walls  were  to  be  of  stone  and  three  feet  thick ;  the  height  was  to  be  sixteen  feet, 
which  seems  to  imply  either  that  the  upper  storey  was  formed  partly  in  the 
roof,  or  that  a  superstructure  of  timber  waa  contemplated.  Certain  privileges 
were  granted  to  those  who  adopted  the  plan  of  building  walls  in  this  manner. 
The  Assize  did  not,  however,  have  the  result  of  making  London  much  more  secore 
against  fire  than  it  had  been.  In  the  year  1212  a  great  fire  took  place,  which 
destroyed  London  Bridge  and  a  great  number  of  houses  besides.  Upon  this 
the  citizens  promulgated  a  fresh  set  of  decrees,  which  show  how  little  the  fonner 
ones  had  been  productive  of  lasting  results. 

Both  the  Assize  of  1189  and  that  of  1212  incidentally  furnish  us  with  much 
valuable  information  as  to  the  materials  in  general  use.  Thus  we  learn,  that  the 
outsides  of  the  houses,  which  in  former  times  had  been  covered  with  reeds  or 
inishes,  were  now  frequently  plastered,  as  also  were  the  insides.  Tiles,  wooden 
shingles,  and  lead,  are  mentioned  as  roof-coverings. 

Windows,  when  not  mere  holes  or  slits  in  the  wall,  were  furnished  with  wooden 
shuttera,  sometimes  double;  oiled  paper  and  canvas  stretched  on  frames  also 

sei-ved  the  pur(x>Be  for  which  glass  was  in  later  times  substituted.  For  further 
protection  the  lower  windows  of  houses  were  frequently  furnished  with  strong  ircm 
gratings  or  grilles. 

Chimneys  were  certainly  in  use  during  the  twelfth  century,  as  for  instance, 
at  Eochester  Castle;  but  their  use  was  probably  confined  to  the  more  private 
rooms  of  castles  where  the  great  thickness  of  the  walls  lent  itself  readily  to  the 
arrangement. 

The  great  hall,  which  was  a  feature  which  existed  in  the  houses  of  the  Saxon 

Thane,  and  of  which  a  record  still  exists  in  the  name  "Hall''  as  applied  to  a 
country  house,  was  the  principal  apartment  of  the  castle  or  house,  and  on  it  was 
lavished  all  the  ornament  and  refinement  at  the  command  of  the  owner.  It 

served  for  banquets,  for  the  dispensing  of  justice,  for  festivities  by  day,  and  for 
a  sleeping-place  for  guests  and  retainers  by  night  The  floor  was  frequently  of 
earth,  and  strewn  with  rushes  or  straw.  When  it  is  considered  that  refuse  from 
the  table  was,  as  a  matter  of  course,  thrown  on  to  the  floor ;  that  dogs,  hawks,  and 
other  domestic  animals  lived  in  the  hall,  it  will  scarcely  be  wondered  at  that 
the  state  of  the  floor  became  highly  ofiensive.  It  is  related  aa  an  instance  of 
the  extreme  refinement  of  Thomas  Becket,  that  he  ordered  his  floors  to  be  covered 
with  fresh  straw  in  winter,  and  in  summer  with  fresh  rushes,  in  order  that  such  of 
his  guests  as  could  not  find  room  at  the  tables  might  not  get  their  fijie  clothes 
soiled  by  sitting  on  a  dirty  floor. 

Besides  the  great  hall  there  was  an  apartment  called  the  solar  (a  term  which 

*  *'  Some  AocouDt  of  Domcstio  Architecture  in  England/*  by  J.  Hudson  Turner.  From  tliis  yaluaUe 
work,  continued  by  Mr.  <T.  H  I'ark'-v.  O.B.,  we  have  drawn  much  of  our  information  on  this  mbjeet. 
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originaUj  meant  a  flat  hoiuse-top,  terrace^  or  other  part  of  a  dwelling  exposed  to  the 
»un),  which  served  as  sleeping-apartment  and  parlour  for  the  mistresa  In  many 
houses  this  was  the  only  apartment  which  existed  specially  set  apart  for  sleeping. 
The  guests  had  bags  of  straw  or  benches  allotted  to  them  in  the  hall,  and  the 
servants  slept  on  the  floor. 

Under  the  solar  a  cellar  was  usually  constructed,  and  was  probably  used 
for  purposes  of  storage.  The  kitchens  and  other  outhouses  were  for  a  long  time 
mere  temporaiy  erections.  In  the  reign  of  Henry  IIL  (1216 — 1273)  the  rojral 
kitchens  at  Oxford  were  blown  down  by  a  strong  wind.  When  the  king  moved 
from  one  house  to  another  orders  were  sent  on  in  advance  to  construct  such  offices 
as  would  be  required  during  his  sojourn.  This  state  of  things  continued  until,  with 
more  settled  times  and  more  refined  customs,  it  ceased  to  be  the  habit  of  a  great 
baron  to  take  his  whole  culinary  department  with  him  when  he  moved  from  place 
to  place,  and  it  became  necessary  to  provide  more  permanent  accommodation  for  the 
kitchen  departments 

What  little  is  known  about  the  sanitary  arrangements  of  these  early  times 
shows  how  primitive  and  how  unwholesome  these  arrangements  must  have  been. 

In  the  London  Assize  of  1189  mention  is  made  of  ̂*  camene  privatse,"  and  certain 
roles  are  laid  down  for  their  construction,  and  the  distance  to  be  preserved  between 
those  belonging  to  adjoining  houses. 

The  sanitary  arrangements  of  great  religious  houses  were,  however,  if  that  of 
the  monastery  attached  to  Canterbury  Cathedral  may  be  taken  as  a  fair  sample,  on 
the  whole  complete.  The  supply  of  water  was  obtained  from  a  source  outside  the 

city  walls,  and  conducted  through  a  circular  conduit-house  by  pipes  to  the  precincts. 
Immediately  outside  the  conduit-house  there  was  fixed  a  circular  pierced  plate,  the 
object  of  which  was  to  intercept  the  lai^er  impurities.  Between  this  and  the 
monasteiy  precincts  were  five  oblong  reservoirs  or  settling  tanks,  through  each  of 
which  the  water  had  to  pass.  Inside  the  walls  the  water  was  conveyed  in  succession 
through  a  series  of  tanks  in  different  parts  of  the  monastery,  and  each  one  lower 
than  the  preceding  one,  the  communication  from  one  tank  to  the  otlier  being 
hy  yvgea  fixed  underground.  The  last  tank  of  the  series  discharged  its  overflow  into 
tlie  sewers  of  the  monastery,  and  from  this  tank  pipes  conveyed  the  water  to  various 

parts  of  the  buildings  to  supply  the  piscinas,  lavatories,  etc.  From  each  supply-pipe 
to  a  tank  a  short  piece  of  pipe  was  branched  and  fitted  with  a  stop-cock  in  close 
proximity  to  the  nearest  drain.  The  object  of  this  pipe  (which  was  called  a 

'*  puigatorium,")  was  to  let  off  the  water  from  the  pipe  in  order  to  cleanse  it 
Hie  privies  of  the  monastery  were  arranged  in  a  long  hall,  under  which  and 

against  the  cater  wall  ran  a. fosse,  or  open  sewer.  The  hall  was  divided  into 
compartments,  which  were  immediately  over  the  fosse.  Into  this  fosse  the  waste 
water  from  the  tanks  and  the  whole  of  the  rain-water  from  the  roofs  were  turned, 
thus  providing  what  must  have  been,  except  in  seasons  of  drought,  a  constant 

flush  throughout  the  sewer.  This  "  necessarium "  was  also  called  the  "  third 
dormitoiy,''  which  is  considered  by  Professor  Willis*  to  have  been  a  cant  name  for 
camene  private. 

•   in 

"Hw  auae  is  probably  a  cant  one,  perhap*  derived  from  the  habit  of  dosing  in  the  receeaes  of  this 
ApotOMnt,  which  maj  be  inferred  from  one  of  the  dirties  assigned  by  Lanfrano  to  the  ciroa,  or  watch- 
osn,  nsmely,  to  examine  all  the  sedUia  at  ni^ht,  lest  any  monk  ibonld  be  asleep  there,  in  which  case 
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In  castles  these  privy  chambers  were  frequently  arranged  in  the  towers  or  in 
projecting  turrets,  whence  their  contents  were  discharged  into  the  moat  In  the 
Liberate  Rolls  of  Henry  IIL,  from  which  large  extracts  were  made  and  translated 
by  Mr.  Hudson  Turner,  in  his  work  on  the  Domestic  Architecture  of  the  Middle 
Ages,  directions  are  frequently  given  respecting  such  chambers  and  drains.  Thus 

on  one  occasion  a  privy  chamber  in  the  Tower  of  London  is  stated  to  be  in  "an 

undue  and  improper  place,  wherefore  it  smells  badly,*^  and  Edward  Fitz-Otho,  tlie 
king's  architect,  is  thereupon  enjoined  to  erect  another  in  such  more  fitting 
and  proper  place  as  he  may  select,  **  even  though  it  should  cost  a  hundred 

pounda"* 
Again,  an  open  drain  or  channel  ran  through  the  halls  of  the  king's  palace  at 

Westminster,  into  which  the  refuse  of  the  kitchens  were  discharged.  To  obviate 

the  nuisance  arising  from  this,  an  order  was  given  to  make  ''  a  certain  conduit 
through  which  the  refuse  of  the  king's  kitchen  at  Westminster  flows  into  the 
Thames  ;  which  conduit  the  king  ordered  to  be  made  on  account  of  the  stink  of  the 
dirty  water  which  was  carried  through  his  halls,  which  was  wont  to  affect  the 

health  of  the  people  frequenting  the  same  halls."  f 
If  the  great  nobles,  and  even  the  sovereign,  were  content  with  arrangements  of 

so  imperfect  a  kind,  it  may  fairly  be  assumed  that  the  houses  of  the  lower  classes 
were  infinitely  worse,  and  it  is  possible  to  comprehend  the  fearful  ravages  which  under 
such  conditions  were  made  by  the  plagues  and  pestilences  of  the  Middle  Ages.  The 
filthy  and  undrained  streets  of  the  towns,  down  the  centre  of  which  in  open  channels 
the  filth  and  refuse  from  the  houses  pursued  its  course  to  the  river  or  stream, 
coupled  with  the  absolute  want  of  anything  approaching  ordinary  personal 
cleanliness,  must  have  rendered  the  inhabitants  an  easy  prey  to  fevers,  and  that 
scoux^e  of  the  Middle  Ages,  leprosy.  It  is  said  that  in  the  black  death  of  1348, 

more  than  one-half  the  population  of  England  was  swept  away. 
The  reign  of  Henry  III.,  occupying  fifty-seven  years  of  the  thirteenth  century, 

was  fertile,  not  only  in  amount  but  in  improvement  in  domestic  architecture.  The 
king  himself  was  an  enlightened  patron  and  student  of  the  art  It  was,  moreov^, 
during  this  century  that  the  development  of  the  first  period  of  Gothic  architecture, 
called  early  EnglL^,  or  First  Pointed,  reached  its  highest  point.  Salisbury  Oathedral, 
the  choir  and  transepts  of  Westminster  Abbey,  the  presbytery  of  Lincoln  Oathedral, 

and  the  chapel  of  the  nine  altars  in  Durham  Cathedral,  are  a  few  of  the  well-known 
and  beautiful  works  of  this  period. 

The  arrangement  of  hall  and  solar  continued  through  this  and  the  succeeding 
centuries ;  but  in  the  case  of  castles,  these  apartments,  together  with  the  domestic 

ofiices,  were  frequently  arranged  within  the  inner*  ballium,  or  bailey,  and  inde- 
pendently of  the  keep,  which  was  reserved  for  purposes  of  defence.  The  hall  of 

Stokesay  Castle,  Shropshire,  erected  at  the  end  of  the  thirteenth  century,  is  a  well- 
preserved  and  beautiful  specimen  of  the  domestic  architecture  of  the  period.  Its 
dimensions  are  51  feet  long  by  36  feet  wide.  The  roof  is  of  oak,  and  open  to  the 

ridge,  the  prindpaLs  being  curved  and  supported  on  corbels  projecting  from  the  walL 

It  is  lighted  by  eight  large  two-light  windows,  divided  horizontally  by  tranaomes,  the 

he  is  enjoined  not  to  disturb  the  deeper  rudely  bj  touching  him,  but  quietly  to  make  lome  little  noiae 

oritir  that  may  rouse  him."— The  Arohiteotural  History  of  the  Oonventual  Buildings  of  the  Monaskeiy 
of  Christ  Church  in  Canteibury,  by  the  Bey.  Bobert  Willis,  1869. 

•  Close  Bolls,  30  Henry  HI.  t  liberate  Bolls,  44  Heniy  IH. 
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upper  lights  having  cusped  lancets  with  plain  circles  in  the  beads.  Inside  the 
windows  are  carried  down  within  a  short  distance  of  the  floor^  and  each  is  furnished 
with  two  seats. 

MancNr-hooses  increased  both  in  number  and  importance  during  the  thirteenth 
century.  They  were  frequently  fortified,  and  provided  with  a  drawbridge  and  moat 

The  arrangements  of  such  houses  were  simple,  but,  as  in  the  example  given,  appro- 
priate to  their  purpose. 

But  little  improvement  can  be  traced  in  the  architecture  of  either  town  houses  or 
cottages  of  this  period.  This  is  probably  due  to  the  fact  that  timber  was  still  so 
higdlj  used  for  both  purposes. 

In  the  interiors  of  houses  one  of  the  most  noticeable  features  was  the  window- 

seat  Glass  was  first  used  in  domestic  work  in  this  century.  It  was  a  cosily 
luxuiy  for  two  reasons — first,  because,  having  to  be  imported  from  abroad,  the  risk 
of  firactnre  was  greater  than  when  it  was  made  at  home ;  and  secondly,  because 
skilled  workmen  were  rare,  and  consequently  expensive.  In  the  following  century 
die  scarcity  both  of  glass  and  glaziers  is  instanced  by  the  fact  that  when  the  windows 
of  the  chapel  at  Stamford,  founded  in  honour  of  Joan,  mother  of  Eichard  II.,  were 
in  need  of  repair,  a  writ  was  issued,  empowering  one  Nicholas  Hoppewell  to  take 
as  much  glass  as  he  could  find  in  the  counties  of  Norfolk,  Northampton,  Leicester, 

and  Lincoln,  and  to  impress  as  many  glaziers  as  should  be  requisite  for  the  work.* 
Instances  are  not  uncommon  of  windows  which  had  glass  in  the  upj^er  ]>art^  but 
wooden  shutters  in  the  lower  part 

As  a  covering  to  the  walls  of  haUs,  wainscoting  appears  to  have  been  a  not 
uncommon  feature.  Erequent  mention  is  made  of  wainscoting  in  the  Liberate  and 
Close  Rolls  of  Henry  IIL  before  referred  to,  and  orders  are  given  to  paint  the 
waioBoot  of  a  green  colour  with  gold  stars,  or  to  paint  histories,  figures  of  saints,  and 
80  forth. 

C9iimneys  are  frequently  mentioned  in  the  State  documents  of  Henry  IIL  It 

is  not,  however,  until  the  succeeding  century  that  they  appear  with  any  prominence 
as  ornamental  features. 

llie  state  of  the  floor  of  the  hall  in  most  great  houses  must  still  have  been  very 

unwholescHKie,  as  may  be  inferred  from  the  fact  that  the  usual  name  for  that  part  of 
the  hall  below  the  dais  was  the  marsh.  Wood  flo<M:ing  was  used  to  a  great  extent 
ia  the  royal  honses,  and,  it  may  therefore  be  fairly  inferred,  was  also  in  use  in  the 
castles  of  the  nobility. 

The  general  use  of  whitewash,  as  applied  to  the  exteriors  of  houses  of  all  kinds, 
»  a  noteworthy  feature  of  this  period.  So  highly  was  it  esteemed,  that  the  citizens 

of  London  protested  against  the  use  of  "sea-coal,"  on  account  of  its  tendency  to 
blacken  their  whitewashed  walla  Whitewash  was  also  applied  to  thatch  as  a  pre- 

ventive against  fire.  This  custom  still  prevails  in  parts  of  Wales.  An  order  occurs 
in  the  Liberate  Rolls,  before  referred  to,  to  construct  pipes  to  convey  the  water 

from  the  leaden  gutters  of  the  great  tower  down  to  the  ground,  **  so  that  the  wall 
of  the  same  tower,  which  has  been  newly  whitewashed,  may  be  in  no  wise  injured  by 

the  dropping  of  rain-water,  nor  be  easily  weakened."  t 
Rude  and  imperfect  as  the  water-supply  of  most  towns  continued  to  be  for  many 

notaries,  it  would  appear  that  London  was  in  this  respect  in  advance  of  the  tima 

•  HndKm  Tiini«r'f  *<  Domorttc  ArehitMiure."  '  f  Lib.  RoU,  25  Hen.  IIL 38 
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It  watt  in  the  tliiiteenth  century  that  the  drat  conduit  for  the  supply  of  water  was 

established  at  Tyburn,  whence  leaden  pipes  conveyed  the  water  to  the  City.  The 

pipes  were  laid  in  1236.     In  1285  the  great  conduit  of  lead  was  erected.* 
The  use  of  baths  was  first  introduced  towards  the  end  of  this  century,  probablj 

from  the  East. 

The  fourteenth  century  marks  roughly  the  period  known  as  geometrical,  or 

decorated,  a  period  distinguished  by  the  great  beauty  and  perfection  to  which  the 
development  of  window-tracery  was  carried. 

Whilst  the  same  general  arrangements  prevailed  in  castles  and  maaor-hooaes  as 
in  the  last  century,  the  dimensions  and  number  of  apartments  were  enlaiged,  and 
the  scale  of  magnificence  greatly  increased. 

The  hall,  of  which  that  at  Fenshurst  is  a  good  example  of  the  period,  became  a 

noble  apartment,  with  its  gallery  for  minstrels  at  one  end,  and  a  recessed  bay  win- 
dow, in  which  the  buffet  was  placed.  The  characteristic  windows  with  seats  still 

appeared  as  the  usual  form  of  window  in  the  haUs. 
In  the  fourteenth  century  a  change  of  a  notable  character  first  began  to  make  itself 

known.  This  was  the  withdrawal  of  the  lord  from  the  revelries  of  the  hall  into  a 

pai*lour  or  withdra wing-room  at  one  end  of  the  hall,  and  whence  he  could  look  on  at 
what  was  going  forward  without  actually  participating. 

This  really  is  the  firat  notice  of  the  coming  change  in  manners,  whidi  lesulted 
in  the  disuse  of  the  hall  for  its  original  purpose. 

Although  the  halls  of  this  period  and  even  later  were  usually  unprovided 
with  chimneys,  and  the  smoke  from  the  brazier  or  andiron  in  the  centre  of  the 
floor  was  allowed  to  find  its  way  out  through  a  louvred  turret  in  the  roof,  the 
chambers  generally  had  fireplaces  and  chimneys.  The  chimneys  were  designed 

with  cai'e,  and  were  often  remarkably  picturesque  features. 
The  number  of  privy  chambers  too  was  remarkabla  It  seems  to  have  been 

thought  a  matter  of  necessity  to  provide  one  for  each  room.  Frequently  a  tower 

was  set  apart  for  the  purpose,  called  the  garde-robe  tower. 
In  this  century  the  domestic  ofiioes  assumed  a  more  permanent  character, 

and  were  often  of  a  very  extensive  nature.  The  kitchen  especially  was  firequently 
a  spacious  and  lofty  apartment,  not  uncommonly  with  a  vaulted  stone  roof,  in 

the  centre  of  which  was  a  lantern-light. 
The  intelligent  interest  taken  by  Edward  I.  in  the  arrangement  of  towps 

exercised  an  influence,  which  in  several  instances  has  lasted  to  this  day.  The 
free  towns  (Villeneuve  and  Villefranche),  which  he  founded  in  Guienne  and 
Aquitaine,  were  laid  out  with  a  scientific  regard  to  sanitary  conditions  which  is 

remarkable,  and  was  oei'tainly  far  in  advance  of  the  thought  of  the  age.  The 
principle  upon  which  these  towns  were  planned  was  similar  to  that  of  a  modem 

American  town.  The  market-place  formed  the  centre,  from  which  the  struts 
diverged  all  at  right  angles.  The  streets  were  broad  and  spacious,  and  though 
the  space  was  utilised  to  the  best  advantage,  ample  provision  was  made  for  free 
access  of  light  and  air.  Special  privileges  were  granted  to  these  towns  to  enoourage 
the  people  to  flock  to  them  ;  their  influence  on  the  civilisation  and  moral  progress 
of  the  people  can  hardly  be  overrated.  Added  to  this  was  the  further  important 

fact  that  these  fi-ee  towns  were  one  great  means  which  the  king  had  of  counter- 

*  BolMrto'i  "  Sodal  Hiiioty  of  the  Sonthern  ConatiM,"  ISOil. 

\ 



DECREASE  OF  THE  VORTBBSS  IDEA.  291 

balaacing  the  power  of  the  iMtrons.  This  end  was  largely  advanced  by  the 
opportxinities  for  the  development  of  commerce  and  the  arts  of  peace  afforded  by 
the  municipal  privil^es  of  these  towns. 

With  the  beginning  of  the  fifteenth  century,  the  period  of  the  Perpendicular 
style  oi  architecture^  the  strongly-fortified  castle  gave  way  to  the  mansion  in 
which  the  idea  of  the  dwelling  gained  increasing  prominence.  Architecture  as 
applied  to  dwelling-houses  assumed  at  this  period  a  more  purely  distinctive 
and  domestic  character.  The  idea  of  fortification  did  not,  however,  disappear  in 
an  abrupt  manner,  but  for  some  little  time  the  two  overlapped  as  it  were,  and 
hooses  built  as  ordinary  dwellings  still  retained  features  of  the  castle  in  the 
shape  of  crenellated  parapets,  loopholes,  and  portcullises.  The  introduction  of 
gunpowder  (first  used  in  battle  by  the  English  at  the  battle  of  Crecy,  1346), 
had  rendered  the  .old  method  of  fortification  comparatively  useless  as  a  protection 
against  the  attacks  of  artillery.  The  transition  from  the  old  to  the  new  order 
of  things  is  well  illustrated  by  the  remains  of  Hurstmonceux  Castle  in  Sussex^ 
where  the  spacious  and  improtected  windows  of  the  later  period  are  in  close 
juxtaposition  to  the  crenells,  the  loop-holes,  and  the  drawbridge  of  the  older  time. 
This  house  was  built  in  1422  to  1471  by  Sir  Roger  de  Fiennes,  an  Agincourt 
veteran,  who  obtained  the  licence  to  crenellate  in  1440.  It  is  also  interest- 

ing from  the  fact  that  it  is  probably  one  of  the  largest  brick  buildings  of  the 
period. 

Little  change  of  plan  took  place  with  regard  to  the  great  hall,  which  still 
retained  its  prominence.  In  details  of  decoration  and  furniture,  however, 
great  progress  was  made ;  it  was  the  age  of  the  magnificent  open  timber  roofs 
of  Eltham  Palace  and  Westminster  Hall.  Dmdng  this  period,  too,  woodwork 
of  all  kinds,  but  especially  in  wall  panelling,  was  carried  to  a  most  sumptuous 
and  beautiful  point  of  perfection.  Glass  appears  to  have  been  more  generally 
employed,  and  it  was  during  this  century  that  the  manufacture  of  glass  was 
first  carried  on  in  England.  Dwellings  in  towns,  with  the  increasing  wealth 
and  importance  of  the  townsfolk,  were  of  increased  dimensions.  They  were 

and  continued  to  be  veiy  frequently  of  half-timber  work,  but  several  remains 
exist  to  show  that  considerable  care  and  skill  was  expended  in  their  design. 
The  storeys  usually  projected  one  over  the  other,  and  were  carried  on  richly 
carved  or  moulded  brackets. 

From  the  description  of  the  construction  and  arrangement  of  the  city  of  Troy  in 

a  MS.  of  the  fifteenth  century — ^Lydgate^s  "  Siege  of  Troy  " — which  may  be 
taken  as  describing  generally  a  contemporary  English  town,  it  would  appear  that 
considerable  progress  had  been  made  in  sanitary  matters. 

After  describing  the  character  of  the  masonry  and  other  matters  of  interest, 

amongst  which  may  be  mentioned  covered  ways,  or  "  deambulatories,''  in  which  the 
citizens  might  walk  sheltered  fix>m  the  weather,  the  writer  proceeds  to  describe  the 
methods  of  disposing  of  refuse  : — 

**  And  eay  *  hous  cOred  t  waa  with  led 
And  many  gargoyl  and  many  hidoua  hed 
Wt  spontiB  thomgh,  and  pipes  as  yei  ought 
Ffr6  ye  aton  werke  to  ye  canal  raughte 

*  Bmy.  1"  OcMTwacL 
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Voydyng  fyltiies  lowe  into  ye  gronde, 
Thorugh  gntes  percid  of  yre  *  perdd  roade 
Ye  stretis  paued  bothe  in  lungthe  and  brcde 

In  cheker  wyie  with  stonys  white  and  rode.** 

The  river  which  ran  though  the  midst  of  the  town  is  then  described,  and  the 

"  condut  pipis  "  which  conveyed  "  al  odure  and  fylthes  "  to  the  river.     The  method 
bj  which  these  pi|)es  conveyed  away  the  filth,  and  at  the  same  time  washed  the 

streets,  wms  arranged  in  so  crafty  a  manner  that  no  man  could  tell  where  it  all 
went  to. 

"  Ffor  ye  canel  skoured  was  so  dene 
And  denoyded  in  so  fell  wyee, 
Yat  no  man  might  espien  nor  denyse 
By  what  engyn  ye  fylthee  fer  nor  ner 
Wer  bom  away  by  cours  of  ye  riuor 
So  couertly  eury  thing  was  cured ;  f 
Where  by  ye  ton  was  outterly  assured 
Ffrom  endengerynge  of  al  oorrupcian» 
Ffrom  wikked  eyr  &  from  inf eccion 
That  causyn  ofte  by  her  violence 

Mortalitie  and  gret  pestilence.*' 

In  the  matter  of  water-supply  some  progress  appears  to  have  been  made,  and 
may  fairly  be  assumed  to  hare  had  some  influence  on  personal  cleanliness.  An 
additional  supply  appears  to  have  been  brought  into  London,  in  H83,  by  pipes  froiu 
Highbury.  The  city  of  Leicester  was  in  the  fourteenth  century  still  supplied  by 

wells  only,  as  appears  by  an  order  of  the  corporation,  that  no  woman  ̂   should  wa^ 
clothes  or  other  corruption  in  the  public  wells.  That  personal  cleanliness  was 
certainly  thought  of  at  this  period  with  special  reference  to  health  appears  from  tlie 

following  extract'  from  a  manuscript  translation  of  "  Falladius  on  Husbandrie," 
preserved  in  Colchester  Castle,  the  date  of  which  is  about  1 420 : — 

*'  It  is  not  strange,  if  water  wol  suffice, 
An  husbonde  on  his  baathe  to  be  bethoaghte ; 
For  thereof  may  pleosaunce  and  helthe  aryse. 
Towarde  the  sonne  on  drie  it  must  be  wrought, 
SSouthwest  and  southo  the  sonnos  ynne  be  brought. 

That  alle  the  day  it  may  be  warme  and  light.'* 

Minute  instructions  follow  for  constructing  the  furnace,  floor,  supply  of  hot 
and  cold  water,  and  of  the  bath  itself.  In  another  part  of  the  same  manuscript 
advice  is  given  about  choosing  a  supply  of  water  and  a  site  for  the  house. 
The  construction  and  arrangement  of  the  house  itself  is  also  described ;  but  the 

book  being  by  an  Italian,  these  details  are  scarcely  iUustrative  of  buildings  iii 

England. 
The  evils  resulting  from  the  pollution  of  rivers  by  the  excrement  and  other 

refuse  of  towns  being  allowed  to  drain  or  be  cast  into  them  was  recognised  in  a 

proclamation  of  Edward  lY.,  enjoining  the  execution  of  various  statutes  directed 
against  the  custom.  § 

*  Iron.  t  Covered.  %  Roberts's  '*  Soda]  History  of  the  Sonthem  Goimtifls,*'  1856. 
i  BoberU's  **  Soda!  History  of  the  Sonthem  Counties,"  185«. 
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Domesiic  uchitecture,  as  before  remarked,  assumed  in  the  fifteenth  century 
a  more  purely  distinctiye  character,  which  became  the  groundwork  of  the  styles 
of  the  Buoceeding  century,  and,  in  ieict,  retained  its  influence  well  into  the 
seyenteenUi  century.  The  most  marked  feature  is  the  window.  The  openings  were 
divided  by  mullions  and  transoms  into  several  lights  j  often  there  were  three  in 
height,  one  above  the  other,  and  windows,  five  and  six  lights  in  width,  are  by 
no  means  uncommon.  The  bay  window  became  a  frequent  feature,  and  was  often 
semicircular  in  plan.  The  heads  of  windows  are  ahnost  invariably  square,  the 
cusping,  or  pointed  heads,  being  subordinated  to  the  lintel  over  the  whole.  The 

growing  custom  of  the  lord  abandoning  the  hall  as  his  living-room  for  the  "  privy 
parlour  with  chimney,"  denounced  in  "Piers  the  Plowman's  Creed,"  is  illustrated  by 
the  great  beauty  and  richness  displayed  in  the  chimney-pieces. 

With  the  end  of  the  fifteenth  century  a  period  of  great  social  and  political 
change  begins.  The  first  of  these  changes,  the  decay  of  feudalism,  had  been  the 
gradual  work  of  centuries,  which  culminated  with  the  fusion  of  the  houses  of  York 
and  Lancaster  in  the  accession  of  Henry  YII.  Perhaps  the  most  notable  of  the 
results  of  this  social  change  was  the  rise  of  two  important  classes  of  society  into 
pronunencei  These  were  the  class  of  landowners  ranking  next  to  the  great  feudal 
barons,  and  who  may  be  called  the  country  gentlemen,  and  the  wealthy  and 
influential  citizens  of  the  great  towns,  with  their  guilds  and  chartered  privileges, 
generally  extorted  from  the  king  as  payment  for  large  subsidies. 

The  next  important  change  is  the  suppression  of  the  religious  houses,  which, 

whatever  may  have  been  the  motive,  and  however  etrbitrary  and  oppressive  were  the 
methods  of  carrying  it  into  execution,  undoubtedly  was  a  measure  the  good  effects 
of  which  can  hardly  be  over-estimated. 

The  most  momentous  change  of  all,  however,  was  the  introduction  of  what  is 
called  the  new  learning.  The  great  wave  of  intellectual  revival  which  had  its 

starting-point  in  Florence,  and  which,  in  course  of  time,  influenced  and  directed  not 
only  literary  studies  but  the  arts  of  design  and  the  customs  of  domestic  life,  first 
leached  £ngland  at  the  end  of  the  fifteenth  century^  And  although  it  was  not  until 
the  seventeenth  century  that  the  architecture  of  the  Renaissance  was  fidrly  established 
in  this  country,  yet  the  intellectual  and  moral  effects  of  the  movement  can  clearly  be 
traced  in  the  improved  habits  and  morals  of  the  people. 

This  improvement  extended  to  all  classes  of  the  community,  except,  perhaps,  to 
the  agricultural  labourer,  who,  even  to  this  day,  is,  in  some  parts  of  England,  scarcely 
better  housed  than  his  predecessor  of  the  Middle  Ages. 

Farm-houses  of  "wattle  and  dab"  in  many  instances  gave  place  to  the  sub- 
stantial stone  buildings,  some  of  which  remain  to  this  day.  In  some  parts  of  the 

country  cottages  exist  built  of  stone,  and  evidencing  in  their  quiet  picturesqueness 
the  capabilitieB  of  the  style  to  the  smallest  classes  of  houses.  A  row  of  cottages 
at  Glosaop,  many  of  which^have  been  scarcely  altered  since  their  erection,  show  in 
liieir  muUioned  windows  the  adaptation  to  the  humblest  needs  of  architectural 
features  used  in  the  largest  mansions. 

As  a  specimen  of  the  smaller  class  of  manor-house,  that  in  the  same  village  is  a 
duuacteristic  example. 

The  inventories  and  wills  of  the  period  show  how  greatly  the  furniture  and 
utensils  of  the  households  of  people  of  the  yeoman  class  had  improved.     Pewter  and 
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even  silver  were  substituted  for  the  wooden  trenchers  of  earlier  times ;  and  carpets 
occasionallj  took  the  place  of  the  filthy  rushes  or  straw  on  the  floors.  The  loftj  and 
substantial  houses  of  the  wealthier  bux^hers,  often  fitted  up  with  costly  panelling 
and  valuable  furniture,  mark  the  rise  of  the  great  middle  daas  which  has  had  so 
important  a  part  to  play  in  subsequent  history.  The  development  of  commerce  and 
manufacture  had,  however,  a  tendency  to  foster  the  growth  of  large  towns,  which  in 
those  days  of  imperfect  sanitary  knowledge  led  to  serious  results  in  the  cases  of 
epidemics.  Thus  the  Black  Assizes  at  Oxford  are  clearly  traceable  to  the  oye^ 
crowded  and  unwholesome  state  of  the  city.  Erasmus  writing  to  Franciscus, 

Cardinal  Wolsey's  physician,  attributes  the  sweating  sickness  and  the  plague,  from 
which  England  was  hardly  ever  free,  to  the  incommodious  form  and  bad  arrange- 

ment of  the  houses,  the  filthiness  of  the  streets,  and  the  dirt  and  disorder  within 
doors. 

In  the  year   1601,  the  43rd  of  Elizabeth's  reign,  an  Act  was   passed  which 
consolidated  and  improved  upon  some  former  Acts,  and  became  the  basis  of  the 
system  of  Poor  Law  relief  and  administration  untU  recent  times.     This  legislation 
undoubtedly  had  a  most  important  bearing  upon  the  social  and  moral  condition  of 
the  poorer  classes.     The  gangs  of  idle  and  worthless  vagrants  were  compelled  to 
labour  for  their  sustenance,  while]the  duty  of  providing  for  the  aged  and  infirm  paupers 
devolved  upon  the  parishes,  and  rates  were  levied  for  both  purpose&     Compared 
with  the  legislation  of  previous  times  which  reduced  labourers  to  the  condition  of 
serfs,  who  were  bound  to  the  land  upon  which  they  worked,  and  when  beggars  were 

hanged  by  fifty  at  a  time,  this  was  indeed  a  step  in  advance.*     Nor  was  this  the 
only  direction  in  which  the  social  condition  of  the  labouring  classes  received  an 

impulse  in  the  direction'  of  improvement.     Farming  and   manufactures  began  to 
be  developed  and  improved,  and,  sa  a  natural  consequence,  the  demand  for  skilled 

and  unskilled  labour  increased  greatly.    In  Elizabeth's  reign,  too,  the  first  beginnings 
of  that  career  of  commerce  and  navigation  for  which  this  country  has  ever  since 

been  so  pre-eminent  were  made.      The  foundation  of  the  Royal  Exchange  by  Sir 
Thomas  Gresham  in  1566  is  a  notable  landmark  of  the  progress  of  the  commerce  of 
the  period.     With  all  this  commercial,  agricultural,  and  manufacturing  activity, 
fostered  by  the  wise  and  frugal  care  of  the  sovereign,  aided  by  a  council  of  ministers 
of  no  common  order,  the  social  change  was  naturally  very  marked. 

The  houses  of  the  nobility  and  wealthy  gentry  assumed  a  character  altogether 
different  from  that  of  feudal  times.  The  long  galleries,  the  projecting  oriels  and  bay 
windows,  the  broad  terraces  and  stately  flights  of  steps,  mark  a  new  departure  in 
domestic  architecture.  The  lavish  use  of  glass,  against  which  Lord  Bacon  enters  a 

protest  when  he  remarks  that  "  you  shall  have  sometimes  your  houses  so  full  of 
glass  that  one  cannot  tell  where  to  become  to  be  out  of  the  sim  or  the  cold,"  was  a 
feature  in  houses  of  this  period  which  could  not  fail  to  have  an  important  influence 
for  good  on  the  health  of  the  inmates.  Still,  it  is  curious  to  find  amidst  all  the 

lavish  expenditure  in  household  and  personal  adornments  which  characterise  the  age, 
the  old  custom  of  strewing  the  floors  with  rushes  or  straw  still  to  a  great  extent 
kept  up.  The  use  of  carpets,  except  on  extraordinary  occasions^  was  indeed  con- 

sidered a  mark  of  extreme  luxury  and  foppishnesa 

*  Hallsm's  "  HiBtory  of  the  Middle  Ages." 
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CHAPTER   XXVIL 

iUEtOHITECTITBE   FROM   THE   SIXTEENTH   TO   THE   EIGHTEENTH   CENTURIES. 

Tador  and  Bluabethan — John  Tfaozpe — Inigo  Jones  and  the  Clamic  Style— Its  Faults— Rebuilding  of 
the  Metropolis — Sanitary  Condition  of  the  Great  Towns— Principal  Architects  of  the  Eighteenth 
Century. 

Abchitecture  in  the  sixteenth  century  may  be  divided  into  two  periods,  the  Tudor 
and  the  Elizabethan ;  the  former  of  which  may  be  regarded  as  the  latest  phase  of 

Gothic,  whilst  the  latter  is  the  earliest  phase  of  Renaissance — more  properly, 
perhaps,  the  transition  from  Gothic  to  Renaissance. 

Of  Tudor  architecture,  Hengrave  Hall,  in  Suffolk,  is  a  beautiful  and  fairly 
complete  example.  It  was  begun  by  Sir  Thomas  Kitson  in  1525,  and  completed 
in  1538.  By  alterations  in  the  seventeenth  and  eighteenth  centuries  the  house  was 

reduced  to  one-third  of  its  original  size.  A  complete  inventory  of  all  the  rooms  and 
their  contents  as  they  were  in  1603  exists,  however,  and  affords  a  most  interesting 

insight  into  the  arrangement  and  furniture  of  a  nobleman's  mansion  of  the  period. 
From  this  it  appears  that  several  of  the  chambers  were  arranged  in  suites  of  three 
or  four  rooms  each.  It  is  also  recorded  that  separate  chambers  were  allotted  to  the 

nursery,  the  bath-room,  and  the  linen-chamber.  There  were  two  still-rooms,  a 

laundry-house,  pastry-room,  wet  and  dry  larders,  "  fy she-house,"  dairy,  cheese- 
chamber,  and  various  rooms  pertaining  to  the  brewhouse  and  stable.  There  was 

also  a  slaughter-house.  The  great  hall  was  a  noble  apartment  with  a  music -gallery 
at  one  end.  A  room  was  set  apart  for  the  musicians,  and  a  list  of  their  instru- 

ments is  given  in  the  inventory  of  "necessaries." 
The  principal  rooms  were  arranged  around  an  inner  quadrangle,  and  the 

hall  was  on  that  side  of  the  quadrangle  opposite  to  the  principal  entrance.  A 
corridor,  running  round  the  sides  of  this  central  court,  afforded  access  to  the  several 
rooms,  an  arrangement  which  was  afterwards  developed  by  Thorpe  to  a  considerable 
degree  of  elaboration. 

The  most  noticeable  features  of  the  main  entrance  front  are  the  four  octagonal 

turrets,  the  two  flanking  the  entrance-porch  being  crocketed  and  similar  in  foim  to 

those  of  Henry  Vll.'s  chapel  at  Westminster,  and  the  projecting  window  over  the 
porch.  All  the  windows  have  the  flattened  arch  peculiar  to  the  later  phases  of  the 
Perpendicular  period,  and  the  embattled  parapet  marks  the  still  lingering  features 
of  the  castle. 

An  important  feature  in  all  large  houses .  of  this  period  is  the  gallery ;  of  this 
the  one  at  Hatfield,  though  possibly  belonging  rather  to  the  commencement  of  the 

next  century,  is  a  good  example.  The  well-known  galleries  at  Knole  and  Haddon 
Hall  belong  to  this  period. 

Before  proceeding  to  describe  the  second  or  Elizabethan  period  of  architecture, 
it  will  be  well  to  note  the  remarkable  development  of  timber  construction  in  this 
century.  Many  large  mansions  were  erected  almost  wholly  of  timber  framing,  with 
the  interstices  fiUed  in  with  plaster.  This  kind  of  building  was  extensively  practised 
in  the  north,  Cheshire  and  Lancashire  being  peculiarly  rich  in  remains  of  the  kind. 
Moreton    Hall,    Speke   Hall,    and   Bramhall   Hall   are  examples,   amongst  many 
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others,  of  the  degree  of  pictareaqne  beauty  attained  in  this  manner.  Remains 
also  exist  to  show  that  the  same  forms  and  construction  were  employed  in  town 
housea 

As  before  said,  the  second  or  Elizabethan  period  was  a  link  between  the  GotJiic 
of  the  past  and  the  classic  of  the  future.  The  Gk>thic  influence  is  .shown  in  tihe 
retention  of  the  stone  mullions  and  transoms,  and  the  gabled  roofs  with  other 
minor  features.  The  influence  of  Italian  art  is  shown  principally  by  the  application, 

in  more  or  less  debased  forms,  of  the  classic  orders,  and  the  substitution  of  balus- 
trades for  battlemented  parapets.  A  curious  and  interesting  Tolume  is  preserved  in 

Sir  John  Soane's  Museum  of  plans  and  views  of  houses  designed  by- J<^  Thorpe, 
an  architect  who  lived  in  the  latter  end  of  the  sixteenth  century,  but  of  whom  unfor- 

tunately absolutely  nothing  is  known  beyond  the  fact  that  he  made  the  drawings 

referred  to.  The  volume  contains  plans,  amongst  others 'of  Buckhurst  Hall,  Kent; 
Woolaton  Hall,  Nottinghamshire,  1580-88 ;  Burleigh,  Northamptonshire,  1575-80 ; 
Holland  House,  at  Kensington,  1606-7  ;  Audley  End,  Essex,  1610-16 ;  Longford 
Castle,  Wiltshire,  1591 ;  and  Holdenby  House,  Northamptonshire,  1580.  The  plan 

of  Longford  House  is  a  curious  device ;  it  is  founded  on  a  diagram  of 
the  Trinity,  the  principal  rooms  being  in  the  circular  comers,  and  the 
offices  and  corridors  in  the  connecting  bands.  There  is  also  an 
ingenious  and  quaint  plan  for  a  house  for  himself^  formed  of  the  two 

initial  letters  of  his  names,  I  and  T,  joined  by  a  band.  The  T  con- 
tains the  living-rooms  and  the  I  the  domestic  offioea 

It  is  curious  to  note  that  in  many  of  Thorpe's  plans  an  endeavour  is  made  to 
provide  each  bed-room  with  a  privy.  The  increase  in  number  and  in  the  siie  of  the 

servants'  apartments  is  also  noticeabla 
It  was  not  until  the  earlier  part  of  the  seventeenth  century  that  the  forms  of  classic 

art  were  fairly  established  in  this  country;  and  even  then  Elizabethan  detaiLt 
continued  to  be  not  unfrequently  employed ;  indeed,  in  some  parts  of  England  these 
details  have  been  continuously  employed  until  quite  recent  times. 

The  employment  of  classic  forms  in  architecture  was  part  of  the  results  of  the 
Renaissance  or  revival  of  learning  referred  to  abova  It  took  some  time  before 
it  was  freely  adopted  here,  but  once  established  it  took  firm  root^  and  became  the 
one  accepted  style  for  nearly  two  centurie& 

The  essential  difference  between  Qothic  and   classic  art  is  that  whilst  in  ike 

former  the  window  is  the  most  characteristic  feature,  and  the  one  by  which  the 
period  of  a  building  can  almost  invariably  be  decided,  in  the  latter  the  columns, 
with  their  appropriate  cornices  and  bases,  are  the  dominant  members.     In  classic 
art  the  five  orders,  with  their  rigid  and  inflexible  rules,  govern  and  control  the 
whole  design.      Some  idea  of  the  importance  attached  to  the  classic  orders  may 

be  gathered  from  the  following  extract  from  <'A  Parallel  of  the  Ancient  Archi- 

tecture with  the  Modem,"  by  Boland  Freart,  Sieur  de  Chambray,  publi^ed  in 
Paris  in  1650,  and  "  Made  English  for  the  Benefit  of  Builders,"  by  John  Evelyn 
in  1664.     After  giving  his  reasons  for  discarding  the  Tuscan  and  composite  orders, 

the  author  goes  on  to  describe  the  other  three-  as  "  the  very  flower  and  perfection  of 
the  orders,  since  they  not  only  contain  whatsoeyfir  is  excellent,  but  likewise  all  that 

is  necessary  of  architecture.''     The  loss  of  the  first  principles  of  the  art  is  thus 
accounted  for : — "  So  many  ages  of  ignorance  have  passed  over  us,  especially  in  the 
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arts  of  architecture  and  painting,  which  the  war  and  frequent  inundations  of 
barbarians  had  almost  extinguished  in  the  very  country  of  their  originals;  and 
▼hich  were  in  a  manner  new  bom  again  but  a  few  years  since,  when  those  great 
modem  masters,  Michael  Angelo  and  Raphael,  did,  as  it  were,  raise  them  from  the 

sepulchres  of  their  ancient  ruins,  under  which  these  poor  sciences  lay  buried/'  One 
of  the  earliest  instances  of  the  use  of  the  *'  orders  "  in  this  country  is  the  beautiful 
"Gate  of  Honour,"  at  Gains  College,  Cambridge  (1565  to  1574). 

With  the  establishment  of  classic  architecture  a  period  is  reached  when  the 
individual  architect  comes  into  prominence,  and  it  is  possible  to  judge  of  him  not 
<mly  by  his  executed  works,  but  by  his  unexecuted  projects. 

To  Inigo  Jones  unquestionably  belongs  the  credit  of  haying  first  brought  to 
perfection  in  this  country  the  classic,  or,  as  it  may  conveniently  be  called,  Palladian 
architecture.  A  radical  change  came  over  the  arrangements  of  houses  under  the 
new  development^  which  had  an  effect  on  domestic  architecture  which  lasted  until 
recent  times.  The  great  hall  was  abandoned,  and  in  its  place  was  substituted  an 
adaptation  of  the  Italian  oortile  in  the  guise  of  a  saloon.  Houses  were  now  raised 
on  basements^  and  the  one  end  sought  for  in  planning  a  house  seemed  to  have  been 
not  convenience,  but  symmetry.  This  symmetry  was  to  be  accomplished  at  all 
costs,  and  the  arrangements,  distribution,  and  dimensions  of  the  different  rooms 
were  all  alike  subordinated  to  the  ruling  aim.  The  result  was  often,  especially  in 
inferior  hands,  almost  ludicrous  in  the  utter  disregard  of  oonveni^nce  displayed. 
When  it  is  remembered  that  the  Italian  villa,  which  was  taken  as  the  model  for 
imitation,  was  designed  for  habits  and  uses  widely  different  from  those  of  English 
gentry,  it  can  hardly  be  wondered  at  that  the  houses  of  tliis  period  are  often  so  ill 
adapted  to  their  purposes. 

The  exteriors,  again,  of  houses  of  this  date  show  the  attempt  which  was  made  to 
adapt  the  architecture  of  a  country  entirely  different  in  climate  to  the  requirements 
of  this  country.     That  the  result  was  entirely  satisfactory  was  hardly  to  be  expected. 

In  Wilton  House,  Wiltshire,  and  in  many  others  of  the  houses  which  Inigo  Jones 

designed,  the  ''  orders "  are  omitted,  and  the  £a9ades  are  treated  simply  as  wall- 
spaces  with  window-openings,  in  which  the  effect  is  sought  to  be  attained  by  an 
harmonious  proportion  of  parts.  The  weakness  of  the  style  is  betrayed  by  the 
necessity  which  seems  to  have  existed  for  making  the  uppermost  and  the  basement 

windows  about  half  the  size  of  those  of  the  principal  floor.  It  is  this  fault  of  pro- 
portioning the  size  of  the  windows,  not  to  the  rooms  they  were  intended  to  light, 

bnt  to  some  inflexible  rule  of  proportion  of  the  exterior,  which  makes  the  upper 
floors  and  basements  of  many  country  houses  of  the  seventeenth  and  eighteenth 

centuries  unreasonably  dark  and  ill- ventilated. 
Daring  a  great  part  of  the  first  half  of  the  seventeenth  century  building  must  have 

heea  almost  at  a  standstill.  With  the  Restoration,  however,  a  new  era  in  social  history 
began.  With  the  Restoration  came  the  downfall  and  utter  collapse  of  the  Puritan 

system,  and  men's  minds  turned  instinctively  from  the  endless  and  purposeless 
theological  problems  and  religious  quarrels  of  the  past  to  investigate  and  apply  the 
laws  of  physical  science.  The  establishment  in  1662  of  the  Royal  Society  marked 
Uie  commencement  of  a  new  period  in  study  and  knowledge,  the  influence  of  which 
on  health  and  morals  can  hardly  be  exaggerated. 

The  fire  of  London,  which,  following  closely  on  the  last  of  the  great  outbreaks  of 
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plague  in  1666,  destroyed  the  greater  pari  of  the  city,  was  an  occnrrenoe  of  tbe 
utmost  importance  to  the  health  of  the  inhabitants.  The  description  of  the  citj 
previous  to  the  fire,  given  by  Maitland,  reveals  a  network  of  narrow,  dark,  and 
tortuous  lanes,  the  houses  mostly  built  of  wood,  and  lofty,  and  each  storey  hanging 
over  the  one  below,  so  as  almost  to  meet  at  the  top.  To  add  to  the  obstruction  to 

light  and  air,  huge  sign-boards  were  suspended  across  the  centres  of  the  streeta  The 
sewers  were  in  a  most  neglected  state,  and  the  drains  all  ran  above-ground.  Added 
to  this,  the  supply  of  water,  notwithstanding  the  formation  of  the  New  River  in 
1613,  was  very  scanty.  The  practioe  of  carrying  the  water  into  the  interiors  of 

houses  first  commenced  in  the  reign  of  Oharles  II.,  and  was  at  first  viewed  with  con- 
siderable dislike,  as  tending  to  draw  away  the  water  to  the  detriment  of  the  com- 

munity. 

The  opportunity  afibrded  by  the  destruction  of  so  large  a  part  of  the  metropolis 
was  taken  to  promulgate  certain  very  useful  and  necessary  regulations.  The  streets 
were  widened,  though,  as  the  narrow  lanes  still  existing  in  the  City  show,  not  to  the 
extent  they  might  well  have  been ;  provision  was  made  for  the  better  drainage  of  the 

surface-water  from  the  pavements  of  the  streets ;  cesspools  were  formed  to  prevent 
the  choking  of  the  sewers  by  sand  or  gravel  from  the  roadways ;  regulations  were 
made  for  the  due  cleansing  of  the  streets,  and  also  for  the  orderly  disposition  of 
refuse ;  and  all  oommimication  between  privies  and  the  public  sewen  was  ordered  to 
be  cut  off. 

From  the  period  immediately  following  the  fire  of  London  may  be  dated  a  steady 
decrease  in  deaths  from  plague,  until,  by  .the  beginning  of  the  eighteenth  century, 
the  disease  had  completely  died  out. 

The  rebuilding  of  the  metropolis  was  the  opportunity  of  one  of  the  greatest 
architects  of  any  age  or  any  country.  Such  an  opportunity,  indeed,  has  rarely  pre- 

sented itself  ;  and  nobly  did  Wren  avail  himself  of  it.  His  first  step  was  to  prepare 

a  plan  for  the  complete  rebuilding  of  the  city,  which,  unfortunately,  he  was  not  per- 
mitted to  carry  out.  The  re-arrangement  of  the  streets,  which  he  proposed,  would, 

if  carried  out,  have  made  London  one  of  the  handsomest  and  most  conyenient  cities 

in  the  world,  and  probably  saved  later  generations  much  needless  outlay  in  widening 
and  improving  streets.  The  shortnsighted  policy  of  our  forefathers  prevented  this, 
and  Wren  had  to  do  the  best  he  could  on  the  old  lines. 

Wren's  principal  works  are  his  churches,  of  which  St  Paul's  stands  preeminent 
He  carried  out  many  very  considerable  works  of  domestic  architecture,  amongst 
which  his  additions  to  Hampton  Court  Palace  are  perhaps  the  best  known. 

As  a  specimen  of  his  work,  in  a  less  pretentious  form,  the  doorway  to  the  old 

Merchant  Taylors'  School  is  a  picturesque  exampla  The  interior  of  the  school-room 
in  the  same  building  shows  how  a  simple  rectangular  room  almost  entirely  devoid  of 
ornament  can  by  skill  in  distributing  and  proportioning  windows,  and  like  attention 
to  smaller  detuls,  be  capable  of  presenting  an  entirely  satisfactory  architectural 

appearance. 
The  increasing  use  of  brick,  and  the  influence  from  various  causes  of  Dutch 

architecture  in  this  country,  combined  to  produce  a  phase  of  classic  architecture 
which,  homely  and  simple  in  its  details,  was  eminently  suitable  to  the  requirements 
of  the  country  and  the  climate.  Architectural  effects  were  sought  to  be  obtained 
by  the  use  of  such  homely  materials  as  red  brick,  with  moulded  and  cut  bricks  for 
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cornices,  pilasters,  and  the  like,  and  deal  or  oak  sashes  painted  white.  A  prominent 

£eatiire  in  the  phaae  is  the  double-hung  sash.  The  frame  brought  out  to  the  face  of 
the  wall,  with  its  sashes  and  heavy-moulded  bars,  may  be  said  to  have  taken  the 
place  of  the  tracery  of  Gothic  times,  and  lent  an  interest  to  plain  rectangular 

window-openings  which  had  hitherto  been  wanting.  It  was  the  architecture  of 
oommon  sense,  and  its  complete  fulfilment  of  the  requirements  of  domestic  architec- 

ture in  the  present  day  goes  iar  to  prore  its  valua  Chimney-pieces  of  quaint  and 
curious  designs  abound  during  this  period  ;  and  the  fashion  of  panelling  the  sides  of 
rooms,  and  forming  elaborate  ceilings  of  plaster-work,  gives  to  houses  of  the  time 
that  air  of  homeliness  and  comfort  so  much  wanting  in  work  of  a  later  period. 

Though  it  is  somewhat  difficult  to  arrive  at  any  very  precise  estimate  of  the 
sanitary  condition  of  the  great  towns  at  the  commencement  of  the  eighteenth 
century,  sufficient  records  exist  to  show  that  a  steady  increase  must  have  taken  place 
both  in  personal  and  public  cleanliness.  The  average  of  deaths  from  colic  and 
dysentery  decreased  with  remarkable  activity,  so  much  so  that  in  the  last  decennial 
period  of  the  century  the  annual  average  of  deaths  &om  these  pauses  was  little  more 
than  a  tenth  of  what  it  had  been  in  the  first  one.  The  cause  of  this  decrease  is 

attributed  by  a  writer  at  the  beginning  of  the  present  century  to  the  improvements 
which  took  place  in  all  the  great  towns,  in  the  manner  of  living,  but  particularly 

in  respect  to  cleanliness  and  ventilation.* 
In  many  provincial  towns,  however,  the  sanitary  arrangements  were  but  little  in 

advance  of  those  in  the  Middle  Age&  In  the  year  1855,  Mra  Mary  Bartlett,  aged 
105,  described  to  Mr.  Edwin  Chadwick  how,  within  her  own  recollection,  it  was 

dan^rous  to  walk  the  streets  of  Exeter  after  dark  "for  fear  of  being  befouled 
by  what  was  thrown  out  of  the  windows,  and  during  rain  by  the  water-spouts  from 

the  unguttered  houses,  "t 
The  old  custom  of  strewing  the  floors  with  rushes  also  survived  until  the 

middle  of  the  eighteenth  century.  In  seaside  towns  sand  did  the  work  of  rushes. 
Braasels  carpets  were  introduced  from  Toumay  in  1745,  and  by  the  year  1760  the 
floors  of  aU  respectable  houses  were  carpeted :( 

The  subject  of  ventilation  appears  to  have  received  little  or  no  attention  in 
this  country  until  the  close  of  the  seventeenth  and  the  early  years  of  the  eighteenth 
centuries. 

John  Evelyn,  with  a  view  to  remedy  the  vast  amount  of  evil  caused,  even 
in  his  day,  by  the  volumes  of  smoke  constantly  emitted  by  factories  of  all  kinds, 
proposed .  a  scheme  for  purifying  the  air  of  the  city,  which,  visionary  and  im- 

practicable as  it  undoubtedly  is,  nevertheless  commands  respect  on  account  of 
its  author  if  not  for  its  inherent  merits.  The  scheme  was,  briefly,  to  relegate 
all  Victories  requiring  large  fires  to  the  district  between  Greenwich  and  Woolwich, 
and  prohibiting  the  erection  of  such  buildings  near  the  city  in  the  futura 
Interments  in  churches  and  churchyards  were  to  be  discontinued.  All  oflensive 

operations,  such  as  tallow-melting,  slaughtering,  and  soap-boiling,  were  to  be  allowed 
only  within  a  certain  specified  area.  All  the  low  grounds  round  the  city,  especially 
on  the  east  and  south-west,  were  to  be  laid  out  in  fields  of  from  twenty  to  forty 
acres  separated  from  each  other  by  fences  or  hedges  enclosing  a  plantation  of 

*  Heberden'i "  ObMrvatioiiB  on  the  Increase  and  Decrease  of  Different  Diseases,"  1801. 
-f-  Roberts's  **  Social  History  of  the  Southern  Counties,"  1856.  X  Ibid. 
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a  hmidred  and  Mty  or  more  feet  round  each  field.  These  hedges  were  to  be 

planted  with  shrube  bearing  fragrant  fiowers,  sach  as  the  sweet-briar,  rosemary, 
syringa,  musk,  rose,  lavender,  bay,  and  others.  The  areas  between  these  fragrant 
fences  were  to  be  planted  with  pinks,  carnations,  primroses,  violets,  cowalipB, 

thyme,  balm,  and  many  other  plants  all  chosen  for  the  fragrance  of  their  flowers 

or  f oliaga  The  fields  within  ̂ ese  gardens  were  to  be  planted  with  ̂   wild  thyme, 
others  with  beans,  and  pease,  and  blossom-bearing  grain  that  send  out  their 
virtue  at  the  farthest  distance,  by  which  means  the  air  and  winds  peqietnallj 
fanned  from  so  many  circling  and  encompassing  hedges  and  fragrant  siurabfi, 
trees,  and  flowers  (the  prunings  of  whose  superfluities  may  in  winter  on  some 
occasions  be  burned  to  visit  the  city  with  a  more  benign  smoke),  not  only  all 
that  did  approach  the  region  which  is  properiy  designed  to  be  flowery,  but  even 
the  whole  city  would  be  sensible  of  the  sweet  and  ravishing  varieties  of  the 
perfumes,  as  well  as  of  the  most  delightful  objects,  and  places  of  recreation  for 

the  inhabitants."  * 
This  ingenious  scheme  for  ventilating  the  City  of  London  was  so  far 

encouraged  by  Charles  II.  that  a  bill  was  prepared  by  the  Attorney-General 
for  removing  the  obnoxious  trades  to  a  distance.  It  never,  however,  got  farther 
than  this  staga 

In  tiie  year  1664  Dr.  Henshaw  proposed  a  plan  for  ventilating  &;ick* rooms  by 
means  of  a  pair  of  bellows  and  a  copper  pipe.  The  room  was  to  be  made  air-tight, 
and  air  was  to  be  forced  in  or  drawn  out  by  the  bellows  until  the  air  of  the  room 
assumed  the  required  density.  Thus  in  cases  of  intermittent  fevers  the  Doctor 
proposed  to  rarefy  the  air  during  the  cold  fit  and  to  condense  it  during  the  hot  fiit 

Probably  one  of  the  earliest  attempts  to  apply  a  regular  system  of  ventilation 
to  rooms  was  that  of  Sir  Christopher  Wren  at  the  House  of  Common&     At  each 
comer  of  the  room  he  formed,  in  the  ceiling,  a  large  square  hole,  over  which  he 

placed  a  truncated  pyramid  provided  with  means  of  opening  or  closing.     It  was 
expected  that  the  heated  air  would  ascend  through  theso  pyramids  into  the  room 

abova     Without  any  provision  for  assisting  the  up-current^  the  obvious  result  of 
this  arrangement  was  that  when  the  air  of  the  upper  room  was  colder  than  that 

of  the  House  below,  the  air  descended  in  cold  streams  on  the  members'  heads. 
This  defect  Dr.  Desaguliers  was  in  1723  called  in  to  remedy.     The  method  he 
adopted  was  to  build  two  closets,  each  containing  a  fireplace,  and  by  means  of 
pipes  from  each  of  the  pyramids  to  supply  air  from  the  House  itself  to  feed  the 
fireplaces.     The  plan,  however,  had  the  misfortune  to  interfere  with  the  personal 
comfort  of  the  housekeeper,  who  was  disturbed  in  the  occupation  of  her  rooms 

by  the  ventilating  arrangementa      To  defeat-  the  operation  she  delayed  lighting 
the  fires  until  the   House  had  met  and  had  become  hot.     By  this   means  the 
heated  air  in  the  closets  descended  into  the  still  hotter  air  of  the  House,  and  so 
made  matters  worse  than  before.      Dr.   Desaguliers  was  again  called    in,   an<^ 

devised  a   **  centrifugal  or   blowing  wheel,"  which,   worked  by  manual    labour, 
was   "  able  to  suck  out  the  foul  air  or  throw  in  fresh,  or  to  do  both  at  once, 
according  as  the  Speaker  is  pleased  to  command  it"{ 

*  Fumifngium,  p.  49. 

t  Beman  "  On  the  History  and  Art  of  Warming  and  Ventilating  Roomi  and  Boildingi,*'  1845. 
t  "Gourae  of  Nat.  PhUosophy." 
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* 

About  this  period  attempts  were  made  to  provide  ventilation  to  ships  and  gaols. 

The  first  quarter  of  the  eighteenth  century  is  i-emarkable  for  the  works  of  an  archi- 
tect of  no  mean  talents,  but  whose  works  have  been  subjected  to  criticism  of  the  most 

adverse  kind.  Sir  John  Yanbrugh  had  in  a  pre-eminent  degree  the  faculty  of 
skilfully  arranging  hu^e  masses :  he  also  understood  thoroughly  the  difficult 
subject  of  light  and  shadow.  His  compositions  are  grandly  conceived,  and  carried 
out  with  a  vigour  and  boldness  rarely  equalled  His  principal  work,  Blenheim,  the 

national  monument  of  the  victories  of  Marlborough,  is,  with  aU  its  faults,  a  magni- 

ficent palace.  It  is,  as  Gwilt  says,  ̂ 'a  bold  and  difficult  design,  uniting  in  one 
building  the  beauty  and  magnificence  of  the  Grecian  architecture,  the  picturesque- 

ness  of  the  Gothic,  and  the  masonic  grandeur  of  the  castle."  * 
James  Gibbs,  the  architect  of  St  Martin-in-the-Fields,  London,  and  the  Itadcliffe 

Library,  Oxford,  was  much  employed,  during  the  earlier  part  of  the  eighteenth  century, 
in  building  both  town  and  country  houses.  In  all,  the  same  rigid  and  meaningless 
bymmetiy  was  carefully  observed.  He  published,  in  1738,  a  large  folio  volume  of 
designs  for  churches  and  houses,  the  descriptions  appended  to  which  are  meagre 
in  the  extreme. 

Passing  over  several  architects  of  more  or  less  repute,  the  brothers  Adam,  as 
architects  whose  works  are  at  the  present  day  receiving  much  attention,  must  be 
briefly  noticed.  To  the  eye  of  a  classic  purist,  such  as  Gwilt,  the  taste  of  the 
Adams  was  vicious  and  corrupt,  and  their  compositions  depraved.  A  more  eclectic 
age  aees,  however,  in  their  work  genuine  effi>rt8,  often  attended  with  considerable 
success^  to  adapt  the  rules  of  classic  art  to  modem  requirement&  The  river  front 
of  the  Adelphi  Terrace  is  justly  admired  for  its  quiet  and  appropriate  beauty, 
whilst  in  the  interiors,  rich  and  elegant  ornamentation  was  skilfully  applied  to 

walls,  ceilings,  and  chimney-piece&  A  noticeable  feature  of  the  Adams'  work  was 
the  use  of  carved  wood  and  carton-pierre  in  chimney-pieces.  The  use  of  the  latter 
material  enabled  them  to  put  more  richness  into  the  chinmey-pieces  of  quite  small 
houses  than  would  have  been  the  case  had  they  been  restricted  to  marble.  The 
same  measure  of  success  cannot  certainly  be  conceded  to  their  most  ambitious  efifort 

in  the  direction  of  country  mansion  architecture.  Keddlestone  Hall,  in  Derbyshh'e, 
presents  all  the  worst  faults  of  the  period,  and  fully  deserves  the  condemnation 

pronounced  by  Dr.  Johnson,  that  the  ''immense  sum  the  house  had  cost  was 

iojadiciously  laid  out."  f 
With  George  Dance  this  brief  description  of  the  progress  of  architecture  in  the 

(eighteenth  century  may  fitly  be  concluded.  To  this  architect  is  due  the  design  of 
what  is  still  one  of  the  most  successful  public  buildings  in  London.  In  Newgate 

I'nwn,  which  has  been  cited  above  as  an  example  of  architecture  devoid  of  ornament, 
liance,  ̂   by  simply  setting  his  mind  to  think  of  the  purposes  to  which  his  building 
^aa  to  be  appropriated,  without  turning  aside  to  think  of  Grecian  temples  or  Gothic 

castles  .  .  .  produced  a  very  perfect  building.''  {  The  fa9ade  is  simply  a  great 
^^owless  mass,  with  a  very  ordinary  governor's  house  in  the  centre,  flanked  on 
either  side  by  doors,  an  arrangement  which  seems  to  suggest  the  dual  purpose  of  the 
prison :  for  felons  and  for  debtors. 

*  EncyelopflBdia.  t  Botwell's  <' Johnion,"  1777. 
X  Fergnioii*!  '*  Hiitory  of  Modem  Axohiteeture,'*  1862. 
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CHAPTER  XXVin. 

MODERN     ARCHITBCTURE. 

Influenoe  of  Greek  Arohiteoture— The  Qotfaic  BenTal—Inflnenoe  of  Pogin— Qrowth  of  Edeetic  Treat- 
meni— The  Queen  Anne,  or  Free  CImuc  Style— Freedom  of  Choice. 

The  early  part  of  the  present  centmy  was  marked  by  the  growth  and  derelop- 
ment  of  two  Bchools  of  architecture,  each  of  which  had  an  important  and  lasting 
influence  on  the  art.  The  object  of  the  one  school  was  the  study  and  adaptation  of 

Greek  architecture,  and  of  the  other,  Gh)thic,  or,  as  it  was  called,  national  archi- 
tecture. 

Until  the  publication  at  the  end  of  the  last  century  of  the  measured  drawings    j 
and  views  of  the  remains  of  ancient  art  in  Greece,  by  Stuart  and  Kevett,  little  or    | 
nothing  was  known  of  classic  architecture   except  as  it  existed   in  the  Eoman    i 

examples.     When,  however,  by  these  and  subsequent  works  the  real  character  of    ' 
the  art  as  it  existed  in  ancient  Greece  became  known,  it  was  seen  how  vastly 

superior  its  details,  proportions,  and  particularly  its  sculpture,  were  to  the  Roman 
models.     Once  introduced,  the  style  became  the  rage ;  no  building  of  any  pretension 
was  considered  complete  without  its  Grecian  portico,  while  more  or  less  accurate 
reproductions  of  Greek  temples  became  the  mode  for  churches  and  chapels.    The 
attempt  to  reproduce  with  cheap  materials,  and  under  totally  dissimilar  conditions, 
the  exquisitely  refined  proportions  and  mouldings  of  buildings  so  little  adapted  for 
modem  English  requirements  as  Greek  temples,  failed  as  it  inevitably  must  have 

failed.     But  the  failure  was  due,  not  to  the  impossibility  of  adapting  Greek  archi- 
tecture to  modem  needs,  but  to  the  fact  that  of  only  one  phase  of  Greek  architec- 

ture sufficient  remains  were  extant  to  serve  as  a  model  for  imitation.     This  phase 

was  the  one  least  likely  to  be  appropriate  to  domestic  architecture :  the  religious. 
Noble  as  are  many  of  the  public  buildings  erected  in  this  style,  as,  for  instance,  St 

George's  Hall  at  Liverpool,  and  the  older  portion  of  the  University  College  in  Gower 
Street,  it  is  now  generally  conceded  that  the  porticoes  and  colonnades  which,  when 
attached  to  a  Greek  temple,  had  a  definite  and  necessary  object  to  fulfil,  are  in  this 
country  costly  and  useless  luxuries.     The  extreme  of  absurdity  is  reached  when,  as 
at  St  Pancras  Ohurch  in  Euston  Square,  a  small  copy  of  the  Temple  of  the  Winds 
was  placed  on  a  larger  one,  and  both  on  a  reproduction  of  the  portico  of  the  Temple 
of  Minerva  Polias,  whilst  the  forms  of  captive  Caryan  women  support  the  cornice 
and  entablature  of  the  vestries. 

Greek  domestic  architecture  may  be  said  to  have  perished.  Records,  however, 
remain  sufficient  to  show  that  it  was,  as  might  be  expected,  of  a  character  quite 
distinct  from  the  religious  type.  That  Greek  forms  may  with  success  be  used 
in  domestic  buildings  is  fairly  proved  by  the  works  of  Messrs.  A.  and  G.  Thomson, 

of  Glasgow,  and  of  the  school  in  France  known  as  the  Neo-Grea  In  both  cases  an 
intelligent  appreciation  of  the  inherent  beauties  of  Greek  art  has  combined  with  a 
frank  recognition  of  the  needs  of  modem  habits  to  produce  a  style  at  once  graceful, 
refined,  and  free. 

The  revival  of  Greek  ai*chiteoturei  though  in  one  sense  resulting  in  lailore,  had 
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a  veiy  important  influence  on  the  development  of  the  art,  not  the  least  of  which 
was  the  rise  of  a  school  of  architects  whose  works  must  always  command  admiration 
and  respect  The  names  of  Bany,  Cockerel!,  and  Soane  are  a  few  only  out  of  a 
long  list  of  able  and  learned  professors  of  the  art.  Sir  Charles  Barry  was,  as  Mr. 

Ferguson  remarks,*  almost  the  only  one  of  the  architects  of  the  Bevival  who  seems 
to  have  perceived  the  hopelessness  of  the  path  they  were  pursuing.  His  works,  of 
which  Bridgewater  House  is  a  well-known  example,  bear  evidence  of  careful  and 
intelligent  regard  for  convenient  arrangement,  together  with  a  very  high  order  of 
artistic  akilL  The  fact  that  in  spite  of  his  strong  Italian  proclivities  he  produced 
buildings  in  the  Gothic  style  which,  even  in  these  days  of  more  advanced  knowledge 
of  medieval  art,  still  hold  their  own,  is  no  slight  testimony  to  the  reality  and  scope 

of  Barry's  genius. 
The  revival  of  mediaeval  or  Gothic  architecture  may  be  said  to  have  been  originated 

in  a  practical  form  by  Horace  Walpole.  It  cannot  be  said,  however,  that  the  art 
was  ever  entirely  lost  It  has  been  seen  how  gradual  was  the  process  of  establishing 
classic  architecture  in  this  country,  and  how  the  two  periods  overlapped  so  that  it  is 
impossible  to  fix  any  exact  line  of  demarcation  between  them.  Curiously  enough, 
at  the  very  time  that  men  were  learning  to  despise  as  rude  and  uncivilised  the 
architecture  of  their  forefathers,  a  spirit  of  inquiry  and  veneration  for  these  very 
monuments  of  antiquity  was  being  cultivated,  and  the  foundation  was  laid  of  the 
school  of  antiquaries  which  has  endured  to  this  day.  In  a  word,  the  continuity  of 
Gothic  architecture  may  be  said  to  have  been  preserved  by  the  labours  of  Dods- 
worth,  Dugdale,  and  their  successors.  Though  Sir  Christopher  Wren  erected  some 
churches  and  other  buildings  in  which  he  adopted  the  pointed  arch,  he  was  so 
manifestly  devoid  of  sympathy  with  the  style,  and  his  details  are  so  obviously 
classic,  that  his  efforts  in  the  direction  of  mediaeval  architecture  cannot  be  regarded 
as  having  any  pennanent  influence  on  the  revival. 

Horace  Walpole,  afterwards  Earl  of  Oxford,  was  a  man  of  whom  it  was  said  by 

a  competent  critic  that  he  was  '^  the  most  eccentric,  the  most  artificial,  the  most 
fastidious,  the  most  capricious  of  mem  His  mind  was  a  bundle  of  inconsistent 

whims  and  affectations." t  One  of  his  whims  was  a  fancy  for  Gothic  architecture. 
In  the  pursuit  of  this  fancy  he  altered  and  added  to  his  villa  at  Twickenham  until 

he  produced  the  "  grotesque  house  with  pie-crust  battlements,''  so  well  known  by  the 
name  of  Strawberry  HilL  Here  he  surrounded  himself  with  copies  in  plaster  of 
details  of  all  kinds  and  of  all  periods  from  ancient  examples.  To  cany  out  the 

mediseval  idea,  his  dining-room  was  the  refectoiy,  and  the  roofs  were  surmounted 
hj  czosseSb  The  same  spirit  of  indiscriminating  imitation  pervaded  the  whole  house ; 

his  chimney-pieoes  were  copied  from  tombs,  his  gate-posts  from  the  piers  of  Ely 
GaUiedral,  while  the  battlements  and  merlons  of  fortified  castles  were  reproduced  in 
this  eighteenth-century  villa  in  wood  and  plaster. 

To  trace  the  progress  of  the  Gk)thic  revival  from  Walpole's  time  to  the  present 
^ould  occupy  more  space  than  can  be  here  devoted  to  the  subject,  besides  being 
heyond  the  scope  of  the  present  work.  Passing  over  then  an  interval  of  half 
a  century,  during  which  reproductions  of  Grothic  architecture  were  characterised  by 
UL  ignorance  of  the  detail  only  equalled  by  the  utter  lack  of  appreciation  of  the 

^irit  of  tiie  art,  the  period  of  the  revival  of  the  true  form,  and,  in  a  great  measurei 

•  "  HIttory  of  Modem  JkiohiiMtore.''  t  HaoauUj,  "  Biiajrt." 
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of  the  true  spirit  of  mediseval  art  is  reached.     To  the  study  of  the  art  Biitton,  Le 
Keuz,  the  elder  Fugin,  and  other  writers  and  artLsts  contributed  valuable  aid.    In 
the  practice,  Augustus  Welbj  Pugin  may  be  regarded  as  the  pioneer.     Endowed 

with  rare  gifts,  a  rich  imagination,  and  a  feu^ile  pencily  his  woib  are  still  pre-enunent 
for  the  wonderful  manner  in  which  he  caught  the  spirit  and  sentiment  of  medisval 
art     With  a  ready  pen  and  a  keen  sense  of  the  humorous  he  satirised  the  modem 
efforts  at  Gothic  architecture,  contrasting  them  with  the  examples  of  ancient  times. 

His  *'  Contrasts,"  his  <<  True  Principles  of  Gothic  Architecture,''  and  his  **  Apolpgf 
for  the  Revival  of  Christian  Architecture  in  England,"  are  evidences  not  only  of 
his  artistic  skill,  but  of  the  real  grasp  he  had  of  the  subject     His  remarks  in  the 

''  True  Principles ''  on  architectural  propriety  are  particularly  apt  and  to  the  point 
Speaking  of  Italian  viUas,  he  says,  "  Is  there  any  similarity  between  our  climate 
and  that  of  Italy  %    Not  the  least     Now  I  will  maintain  and  prove  that  climate 
has  always  had  a  laige  share  in  the  formation  of  domestic  architecture,  and  the 
Italian  is  a  good  illustration  of  the  truth  of  this  remark.     The  apertures  are  small ; 
long  colonnades  for  shade,   and  the  whole  building  csilculated   for  retreat  and 
protection  &om  heat;   the  roo&   are  flat  in  pitch,  from  the  absence   of  heavy 
snow,  and  plan  and  outline  are  both  suited  to  the  climate  to  which  the  architecture 
belongs.     But  we  demand  in  England  the  very  reverse  of  all  this  for  health  and 

comfort.     We  cannot  foi*tunately  import  the  climate  of  a  oountiy*  with  its  archi- 
tecture, or  else  we  should  have  the  strangest  possible  combination  of  temperature 

and  weather ;  and  within  the  narrow  compass  of  the  Regent's  Park,  the  burning 
heat  of  Hindostan,  the  freezing  temperature  of  a  Swiss  mountain,  the  intolerable 

warmth  of  an  Italian  summer,  with  occasional  spots  of  our  native  temperatura" 
The  work  that  Pugin  began  and  carried  on  with  the  enthusiasm  engendered  by 

religious  zeal  as  well  as  artistic  conviction  has  been  continued  and  developed  by  a 
school  of  architects  whose  works  may  be  seen  through  the  length  and  breadth 
of  the  land.  Naturally  the  revival  of  Gothic  was  intimately  connected  with 
ecclesiastical  buildings  and  restorations.  And  inasmuch  as  the  details  of  the  style, 
being  of  an  entirely  different  nature  from  those  of  a  classic  form,  which  had  been 

prevalent  for  so  long  a  period,  required  for  their  execution  specially-trained  workmen, 
the  cost  of  building  was  necessarily  much  enhanced.  This  cireumstance,  coupled 

with  the  inevitable  connection  in  men's  minds  between  Gh)thic  architecture  and 
ecclesiastical  buildings,  prevented  the  style  from  becoming,  as  its  advocates  hoped 
it  would  become,  the  vernacular  style  of  the  country. 

The  later  developments  of  the  Gothic  revival  are  marked  by  an  eclecticism  and  a 
freedom  that  has  had  the  effect  of  preserving  and  greatly  enlarging  its  scope. 
Restricted,  as  the  earlier  advocates  of  the  style  would  have  had  it,  to  one  type  or 

period — ^the  thirteenth  century — ^and  to  one  country  only — England — ^the  revival 
would  probably  have  died  out  years  ago.  It  was,  however,  recognised  not  only  ̂ at 
England  possesses  several  periods  of  Gothic  arehitecture,  but  that  for  many  purposes 
the  fifteenth  and  sixteenth  century  work  is  infinitely  better  adapted  for  modem 
houses  than  that  of  earlier  periods.  The  existence  of  valuable  and  numerous 
remains  of  mediaeval  art  in  France,  Germany,  and  the  Low  Countries  was  also 
recognised,  and  ideas  and  details  were  largely  drawn  from  these  ample  sources. 
Another  fact  was  recognised  which  had  been  too  frequently  and  deliberately 
ignored  by  the  earlier  revivalists.      This  was,  that  whatever  style   is  adopted, 
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a  first  and  paiamount  necesBitj  is  to  adapt  that  style  to  the  best-known  rules  of 
health  and  conyenienoe  of  the  present^  and  not  to  reproduce  the  imperfect  and 
insanitary  arrangements  of  the  past  ages  as  necessary  accompaniments  of  the  style. 

This  eclecticism  has  led  by  gradual  steps  to  what  is,  in  a  certain  sense,  a  reviyal, 
but  is  also  a  development,  of  the  brick  architecture  of  the  latter  part  of  the  seventeenth 
and  the  earlier  part  of  the  eighteenth  centuries.  This  phase  of  architecture,  commonly 

known  as  *'  Queen  Anne,"  whilst  its  details  are  classic  in  form,  is  nearly  allied  in  its 
homely  picturesqueness  to  Grothic.  It  is,  in  fact,  an  attempt  to  make  the  best  of 
homely  and  inexpensiye  materials,  and  to  develop  a  style  which  adapts  itself  freely  to 
modem  notions  of  comfort  and  convenience.  That  it  is  eminently  suitable  to  the 

requirements  of  ihfi  class  of  house  which  of  all  others  is  most  in  need  of  improve- 
ment, both  in  arrangement  and  architectural  character — the  small  villa — seems 

clearly  established  by  the  fact  that  even  speculating  builders  are  smitten  with  the 
Qneen  Anne  mania,  and  are  producing  to  the  best  of  their  abilities  houses  designed 
in  that  manner.  The  characteristic  features  of  the  buildings  of  this  class  may  be 
mid  to  consist  of  red  brick,  used  eiUier  as  dressings  or  for  the  entire  wall  surfaces ; 
rectangular  window-openings  with  sliding  sashes  and  a  liberal  use  of  white  wood- 

work ;  add  to  these,  cornices  and  string  courses  of  moulded  brickwork  and  a  perfect 
freedom  of  choice  as  to  the  roof  covering  €uid  pitch,  and  a  style  is  obtained  which, 
whether  it  be  reduced  to  its  plainest  possible  conditions  or  elaborated  to  the  greatest 
conceivable  extent^  is  yet  undeniably  architecture. 

The  question  then  arises — ^Which  of  all  these  various  styles  and  phases  of 
architecture  is  the  one  most  suited  to  the  requirements  of  modem  house-building  ? 

And  with  this  question  comes  another — ^Is  it  necessary  or  desirable  t*hat  one  uniform 
Htyle  of  architecture  should  prevail  to  the  exclusion  of  all  others  f  Leaving  for  a 
moment  the  purely  lesthetic  aspect  of  the  second  question  out  of  consideration,  it 
will  be  well  to  see  how  far  the  general  adoption  of  one  style  would  affect  the 

economical  part  of  the  subject.  In  the  one  item  of  joiners'  work,  for  instance,  upon 
the  proper  oonstmction  of  which  so  much  of  the  comfort  of  a  house  depends,  it  is 
iQsnifest  that  the  cost  of  production  will  be  materially  lessened  i^  by  the  use 
of  mouldings  and  other  accessories  of  one  uniform  character,  machinery  be  made 
generally  available.  Further,  it  follows  that,  in  order  to  produce  work  at  the 
cheapest  possiUe  rate,  workmen  must  be  trained  and  accustomed  to  work  chiefly,  if 
not  wholly,  of  one  schooL  In  the  earlier  days  of  the  Gh)thic  revival,  a  circumstance 
which  operated  very  materially  against  the  successful  adoption  of  the  style  was  the 
difficulty  which  was  experienced  in  getting  workmen  to  carry  out  the  details  of  the, 
to  them,  new  art  In  the  simple  matter  of  a  door,  the  carpenter  found  that  a 
Gothic  door  was  an  altogether  different  thing  from  the  kind  of  door  he  had  always 
heen  accustomed  to.  The  framing  was  different^  the  joints  were  different,  and  the 
mouldings  were  different ;  and  this  difference  of  construction  pervaded  all  branches 

of  the  art.  From  joiners'  work  to  glass-painting,  from  metal-work  to  paper- 
hangings,  a  new  school  of  workmen  and  designers  had  to  be  trained.  It  is  clear 
that  such  a  revolution  as  this  must  at  any  rate  be  costly  in  its  inception.  It  is  also 
eqaaDy  dear  that  if  the  use  of  existing  appliances  for  economising  labour,  of  which 
machineiy  may  be  taken  as  an  important  example,  can  be  adapted  to  a  style  in  other 
r^ipeda  suitable,  that  style  cannot  on  economical  grounds  alone  be  rejected  as  unfit 
for  its  porpooe. 

34 
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The  ttsthetic  pluuse  of  the  qaettion  is  one  which  admits  of  being  approached 
from  more  than  one  }K>int  of  view,  and  of  which  it  is  scarcely  possible  to  affirm  th&t 
any  one  particular  doctrine  is  right  to  the  exdusion  of  the  others.  It  is  certainly 
difficult  to  see  how  the  necessity  or  desirability  of  the  adoption  of  a  uniform  style 
can  be  based  on  histotio  grounds.  Although  in  all  times  and  in  all  countries  some 
one  style  or  phase  of  architecture  prevailed  for  a  period  of  greater  or  less  loigth, 
it  will  always  be  found  that  the  causes  whidi  led  to  the  adoption  of  this  particnlar 
style  were  directly  connected  with  the  social,  moral,  and  intellectual  conditioiu  of 
the  people.  And  unless  a  perfectly  new  style,  which  shall  be  the  artistic  expression 
of  the  thoughts  and  ideas  of  this  nineteenth  oentuiy,  be  iuTented,  the  analogy  from 
history  fails.  The  probability  of  the  derelopment  of  any  such  style  seems  at  the 

present  time  remote  enough — so  remote,  indeed,  that  it  cannot  be  said  to  have  even 
begun.  For  the  present  purpose,  therefore,  it  must  be  sufficient  to  have  regard  only 
to  styles  which  have  an  actual  existence  in  fact. 

Leaving  out  of  consideration  such  obvious  inoongruities  as  Chinese  pagodas, 
Hindoo  temples,  and  Swiss  chfilets,  forms  which,  applied  to  domestic  buildings  in 

England,  are  at  once  inconvenient  and  absurd,  there  remain  two  broad  divisions — 
classic  and  Gh)thic — in  one  or  other  <^  which  each  of  the  various  styles  of  art  is 
comprised. 

The  classic  division  may  be  subdivided  into  Greek,  Italian,  and  what  is  known 
as  Queen  Anne,  or  Free  Classic. 

Of  Greek,  it  may  be  said  that,  as  a  style  for  general  adoption,  it  is  unsuitable  on 
account  both  of  its  costliness  and  <^  difficulties  in  the  matter  of  lighting  and 
arrangement  apparently  inseparable  from  the  style.  The  exceptions  mentioned  above, 
however,  go  far  to  prove  that  in  able  hands  a  free  and  intelligent  version  of  Greek 
art  may  be  made  to  conform  perfectly  to  modem  requirements.  But  these  very 
exceptions  only  show  more  clearly  that  the  successful  application  of  the  style 
demands  more  care  and  thought  in  design  than  the  majority  of  modem  dwellings  are 
likely  to  obtain. 

Italian  architecture  will  probably  for  a  long  time  to  come  be  a  favourite  style 
with  a  great  number  of  people.  There  are^  indeed,  many  things  to  recommend  it 
Not  only  is  it  oompatible  with  English  notions  of  comfort  and  convenience,  but  it 
admits  of  the  most  ample  amount  and  the  fii^eest  distribution  of  light  and  air.  It 
is  as  capable  of  being  adapted  to  irregular  or  awkward  conditions  of  site  as  Gothic, 
whilst  it  possesses  a  dignity  of  appearance  which  is  lacking  to  some  phases  of  the 
latter.  For  its  successful  application,  it  requires,  however,  the  use  of  somewhat 
costly  materials.  Of  these,  undoubtedly  stone  is  the  most  necessaiy.  Translate 
such  a  house  as  Dorchester  House  or  Bridgewater  House  into  brick  and  stucco  and 
the  truUi  of  this  is  obvious  at  once.  What  is  trae  of  the  exterior  Is  true  also  of 

the  interior.  The  inlaid  pavements,  the  marble  staircases,  the  elaborately-decorated 
ceilings  and  waUs,  and  other  features  of  more  or  less  costly  nature  are  all  necessary 
parts  of  the  styl&  Brought  down  to  the  level  of  a  stuccoed  suburban  viUa  it 
becomes  poor  and  mean  and  cold.  In  place  of  the  varied  tints  of  the  stone  we  get 

the  dull  uniform  grey  of  Portland  cement ;  in  place  of  the  rich  and  varied  decora- 
tions of  the  interior  we  have  cold  white  or  grey  marble  dhimney-pieoes  and  blank 

expanses  of  whitewashed  ceilinga 
The  style  known  as  Queen  Anne  or  Free  Classic  stands  midway  between 
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classic  and  Gioihic  art  Wlule  on  the  one  hand  its  details  and  ornaments  are 

borrowed  or  adapted  from  the  former,  its  absolute  freedom  of  arrangement, 
and  its  consistency  with  the  use  of  the  cheapest  materials,  are  qualities  derived 
from  the  latter.  The  use  of  the  sash  window,  so  dear  to  the  English  mind, 
is  one  of  the  most  conspicuous  as  well  as  most  yaluahle  characteristics  of 
the  sbyle.  It  seems,  howeyer,  to  be  deemed  necessary  to  the  successful  carrying 
oat  of  the  style  that  the  heavy  bars  and  small  panes  prevalent  at  the  banning 
of  the  last  century  should  be  reproduced  in  this.  From  a  purely  sasthetic  point  of 
view  there  is  much  to  be  said  in  favour  of  these  features.  The  white  sash- 

fmme  and  thick  moulded  sash-bars  take  the  place  of  the  stonework  of  a 
Gothic  window,  and  lend  an  interest  which  would  otherwise  be  wanting.  From 
a  sanitary  point  of  view,  however,  these  small  panes  and  thick  bars  must  be 
nnhesitatingly  condemned.  There  is  never  in  this  climate  an  excess  of  light , 
frequently  the  reversa  It  is  then  obviously  unwise  to  place  unnecessary  obstacles 
in  the  way  of  access  of  light.  If  houses  were  constructed  with  the  sides  of  the 
rooms  entirely  windows,  the  introduction  of  sash-bars  of  tolerable  thickness 
would  be  justifiabla  As,  however,  constructional  and  other  reasons  forbid 
such  an  arrangement^  and  as  moreover  large  sheets  of  glass  are  obtainable  at 

moderate  cost^  it  follows  that  the  area  of  light-giving  surface  should  be  as 
free  and  imimpeded  as  possible. 

Coming  now  to  the  second  of  the  two  groups  into  which  the  various  styles 
were  divided ;  the  term  Gothic  may  be  taken  to  include  besides  the  pointed 
styles  (Early  English,  Decorated,  Perpendicular,  and  Tudor),  Elizabethan  and 
Jacobean.  Mpch  has  been  written,  and  many  houses  have  been  designed  to 
prove  that  Early  English  is  a  style  specially  suited  to  the  needs  of  modem  domestic 
architectura  Twenty  years  ago  or  thereabouts,  there  was  a  general  concensus 
of  opinion  among  the  leaders  of  the  Grothic  revival,  that  the  period  at  which 
churdi  architecture  in  this  country  attained  its  highest  pitch  of  perfection  was 
tiie  latter  part  of  the  thirteenth  century.  I^  it  was  argued,  this  is  the  period 
most  suitable  for  our  churches,  it  follows  that  it  is  also  the  one  most  suitable 

for  our  domestic  buildings.  For,  it  must  be  remembered,  the  revival  of  Gothic 
architectare  was,  for  a  long  time,  confined  almost  exclusively  to  ecclesiastical 

buildings';  the  contention,  therefore,  of  those  who  wished  to  overcome  the 
popular  prejudices  against  a  style,  associated  in  many  minds  with  certain  phases 
of  religions  thought,  was,  that  a  style  to  be  good  for  anything  must  be  equally 
applicable  to  ecclesiastical  and  secular  purposes. 

Following  up  this  line  of  argument  the  conclusion  naturally  arrived  at  was  that 
thirteenth  century  Gothic  was  the  period  of  architecture  which  should  be  reproduced 
in  domestic  and  secular  buildings.  Admitting,  for  the  sake  of  argument,  all  that 
can  be  said  in  &vour  of  the  perfection  arrived  at  by  €k>thic  builders  in  the 
thirteenth  century ;  admitting  also  the  advantages  oi  reviving  the  art  of  that  period 
for  ecclesiastical  purposes  in  the  present  day,  it  by  no  means  follows  that  its 
application  to  domestic  purposes  is  equally  advantageous.  In  the  first  place,  it 
vill  probably  be  conceded  that  if  the  Christian  church  possesses  one  element  of 
undisputed  nature,  it  is  that  the  lines  upon  which  she  is  built  were  laid  down  and 
her  fabric  perfected  eighteen  centuries  ago.  She  is  not,  like  society,  a  changing  and 
imiRxnring  body  for  the  simple  reason  that,  fixed  and  governed  by  immutable  laws, 
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change  and  improTement  are  equally  impossible  to  her.  Architecture  as  applied  to 
dwellings  is,  on  the  other  hand,  as  has  been  pointed  out,  constantly  subject  to 
change  with  the  changing  habits,  and  to  improve  with  the  increasing  sdentific 

knowledge  of  a  people.  I^  then,  it  is  neoessaiy  to  go  back  to  mediaeyal  times  to 
find  architecture  suited  to  modem  requirements,  it  seems  a  reasonable  stipulation  to 
make,  that  the  period  selected  shall,  at  leasts  be  that  nearest  in  point  of  dvilisation 
and  domestic  refinement  to  the  present  These  conditions  are  best  fulfilled  by  the 
later  phases  of  Grothic,  the  Tudor  and  Elizabethan  periods,  both  of  which  are  capable 
of  most  successful  adaptation  to  modem  needs. 

Whatever  style  or  phase  of  architecture  be  chosen,  whether  dassic^  Gothic,  or 
a  blending  of  both,  its  forms,  proportions,  and  details  must  all  be  unsporinglj 
submitted  to  the  test  of  fitness  and  conformity  to  the  laws  of  sanitary  science. 
While  uniting  all  that  is  best  in  the  past,  it  must  freely  adapt  and  incorporate 
all  that  is  valuable  in  the  inventions  and  discoveries  of  the  present  New 
materials,  new  inventions,  or  new  methods  of  applying  existing  materials  or 
inventions,  must,  so  far  as  they  are  in  accordance  with  sound  principles  of 
construction  and  design,  be  freely  accepted  and  used.  The  architecture  of  the 
future  must  be  eclectic,  if  it  is  anything.     We  must  not  refuse  to 

"  Pick  out  treasui-B  from  an  earthen  pot" 

Nor  must  we  neglect  to  profit  by  the  lessons  which  come  to  us  enshrined  in  materials 
of  more  costly  character. 
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CHAPTER   XXIX. 

MORAL  AND  SOCIAL   INFLUENCE   OF  TRUE  DECORATIVE   ART. 

Inferior  Gharaoter  of  Modem  Building— Its  Inflnenoe  upon  Decoration — ^Eivil  Effects  upon  the  Poor 
efpedally— Monl  and  Phyrical  Effects  of  Unartistic  and  Unhealthy  Sarroondings— The  Tendency 
to  Sxtremea— The  .Esthetic  Graze. 

In  the  present  stariving  after  the  proper  application  of  sanitary  science  to  the 
improvementB  of  our  buildings,  public  and  private,  and  in  the  adoption  of  the 

best-known  appliances  for  the  prevention  of  impure  smells  and  other  evils, 
with  which,  either  from  ignorance  or  carelessness,  we  have  been  content  to  put  up 
for  long  yean,  there  is  clearly  shown  a  desire  on  the  part  of  the  public  generally 
to  set  their  houses  more  in  order,  and  not  to  leave  to  chance  or  to  the  speculative 
builder  all  those  questions  of  the  healthy  treatment  of  the  homes  we  live  in,  which 
are  especially  requisite  for  their  proper  sanitary  state,  and  which  may  fairly  be 
supposed  to  enter  largely  into  the  proper  healthy  condition  of  our  minds  and 
bodies. 

As  sanitation  in  decoration  must  largely  depend  upon  the  character  of  our 
buildings,  and  the  simple,  healthy  treatment  of  the  fittings  of  our  rooms  be 
necessarily  influenced  by  the  general  soundness  and  fairly  good  artistic  design  of 
the  houses  themselves,  it  would  be  well  if  the  local  authorities  of  our  cities  and 
towns  would  insist  upon  all  new  buildings  being  carried  out  with  good  and  proper 
materials  at  least,  if  they  cannot  insist  on  any  higher  character  of  design  than  is 
apparent  in  so  many  of  our  new  streets  and  suburban  villas  and  cottages. 

So  fiur  as  I  can  see,  although  the  powers  given  under  the  Revised  Building  Act 
may  prevent  to  a  certain  extent  a  portion  of  this  grossly  inferior  character  of  work 
being  carried  out^  they  do  not  prevent  altogether  the  erection  of  houses  of  the 
most  inferior  kind;  for  although,  nominally,  certain  requirements  are  made  by 
District  Boards  as  to  drainage  and  other  sanitary  arrangements,  these  are  too  often 

over-ridden  by  the  cunning  and  rascality  of  the  low-class  speculative  builder. 
The  Building  Act  is  practically  useless  for  any  sanitary  purpose*  It  leaves  all 

questions  of  drainage,  proper  arrangement  of  sinks,  cisterns,  and  traps,  ventilation 
of  rooms  and  drains,  literally  unrestricted  in  any  way  :  it  takes  no  note  of  inside 

coDstruction  as  regards  character  and  soundness  of  timber  and  joiner's  work,  or 
dt  the  proper  making  up  of  plaster  for  inside  work,  nor  does  it  interfere  with  any 

matter  of  heating  or  general  healthy  warming  of  the  various  rooms ;  and  in  fBct 

leaves  to  the  speculative  builder  full  power  to  carry  out  the  worst  and  most 

unhealthy  class  of  buildings  quite  regardless  of  all  matters  of  sanitation,  warming, 

or  ventilation.     The  ground  landlord  for  the  most  part  is  only  anxious  to  have  his 
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g«mnd  covered,  and  cares  little  or  notbuig  as  to  the  jclaaa  of  bniJding.  erected,  , 
long  as  his  ground  rents  are  secured  I  ootild  poin^;  out  many  district  in  a - 
about  London  in  which  six  or  seven  hundred  houses;  i^^^^  ̂ ^^  ̂ ^  ̂ ^^ 
any  professional  supervision,  and  aU  regardless  of  the  fi,^  principles  of  the  Jaws  i health. 

The  district  surveyor  is,  as  a  rule,  powerless  to  5^^^^^^  ̂ ^^  ̂ ^^  ̂ ^  ̂  
being  carried  out,  and,  with  every  anxiety  to  fiuthlally  diachai^  the  duties  0! 
his  position,  is  obHged  in  a  great  measure  to  subnet   to   the  utter  inferiorityc 
workmanship  and  materials,  so  long  as  the  mere  clauses  of  the  Building  Act  m 
oompUed  with,  the  walls  built  of  the  requisite  thick^iesa,  and  other  minutue  attendei 
to.     It  is  impossible  to  condemn  in  too  strong  language  all  this  class  of  wort, 
which  is  annually  increasing  in  the  suburbs  of  oyr  great  cities  and  towns,  to  m«>l 
the  increasing  requirements  of  that  class  of  tenants  who  are  gradually  beiiwj 
ousted  from  more  valuable  quarters,  to  xflake  room  for  new  streets  and  other 
improvements.     How  can  it  bo  possible  to  attempt  to  improve  such  buildings  hv 
any  sound  and  healthy  system  of  decoration  1  They  would  be  but  whited  sepulchres, 
and  no  amount  of  care  or  thoiigtt  could  prevent  their  gradual  decay  and  ruin: 
and  until  some  better  and  niore  complete  system  of  sanitary  inspection  shall  Im 
provided  for,  all  such  buildings  must  necessarily  add  to  the  unh^thiness  of  onr 
large  towns,  and  tend  to  the  moral  degradation  of  those  who  live  in  them,  ml 
whose  misfortune,  rather  than  fault,  it  is  to  be  obliged  to  put  up  with  such  homes 
and  habitations.     In  the  fashionable  suburbs  of  London  and  other  lai^  towns. 
innumerable  houses  are  daily  being  put  up,  in  which  the  work  is  of  the  comDior>r->t 
description :    the  plaster-work  mixed  with  road-scrapings,   which  it  is  mflIlift^t 
must  contain  sickening  impurities  of  the  most  unhealthy  description ;  the  woodwork 
of  the  trashiest  and  most  flimsy  character,  unseasoned  and  utterly  unfit  for  its 
purpose,  so  that  in  a  year  or  two  the  joints  are  all  shrunk,  leaving  places  for  th 
lodgment  of  dirt  and  dust ;  the  paint,  and  oil  with  which  it  is  mixed,  of  the  cheap 
and  nastiest  kind ;  the  size  used  in  the  distempering  of  the   walls  and  ceil 

decomposed  and  stinking ;  the  plumbing-work  of  the  cheapest  possible  character, 
that  in  a  few  years  it  requires  entirely  renewing;  the  space  between  the  floors  1 

full  of  wood-shavings  and  other  matter  which  naturally  become  damp,  decom 
and  cause  unhealthy  smells  throughout  the  house,  which  it  is  impossible  to  get 

of;  the  drains  running  as  a  rule  from  back  to  fik>nt  through  the  whole  basemr-ui 
storey,  laid  in  on  made-up  ground  with  imperfect  joints,  so  that  the  earth  Ln 
short  time  becomes  saturated  with  filth;  old  materials  glossed  over  with  paint 
whitewash,  and  everything  about  them  cheap  and  nasty,  so  that  the  unforturj 
tenant  who  has  taken  one  of  them  on  lease  finds  his  or  her  rent  doubled  br 

expense  of  constant  repairs,  or  by  making  good  faulty  and  defective  work 
It  is  not  to  be  wondered  at  that  in  such  houses  there  is  constant  sicb 

and  a  general  sense  of  depression  fatal  to  any  sound  state  of  bodily  or  meet 
health. 

It  has  become  a  fashion  amongst  a  certain  class  of  critics  to  decry  the  pi 

style  or  fashion  of  architecture ;  to  tear  it  to  pieces  in  curious  jargon  and  mixtiinp 

wordy  terms,  to  call   it  senseless,  frivolous,  and  unmeaning,  a  bastard  moc;* 
founded  on  nothing,  having  no  proper  paternity,  and  to  bedeck  and  bedizen  it  *^l 
all  kinds  of  senseless  and  ignorant  terms.     Any  way,  it  is  more  honest  and  ̂ - 
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in  every  senae,  oonstructiTe  and  artistic,  than  the  pretentious  shttms  and  plaster 
imitations  of  Greek  or  Boman  temples  or  Pompeian  villaSy  or  dressed-np 
anachronisms  of  €k>thic,  whether  copied  from  the  terra  cotta  work  of  Northern 
Italy,  the  thirteenth  and  fourteenth  century  erections  of  France  and  England, 
or  the  Renaissance  types  of  the  valley  of  the  Loire.  There  is  more  homeliness  and 
picturesqueness  in  the  modem  work  than  in  half  the  erections  of  the  past  century 

copied  from  foreign  examples,  having  no  elements  of  "Rngl^qh  home  life  or  feeling ; and  if  there  be  no  very  high  artistic  element  in  a  broken  gable  or  in  red  brick 
fronts^  they  are,  any  way,  better  and  more  picturesque  than  sham  pediments, 
useless  balustrades,  or  stuck-on  pilasters  and  unmeaning  and  unnecessary  Gothic 
tracery  and  Italian  trusses. 

In  the  homes  of  the  poorer  classes  the  character  of  the  work  and  workmanship  is 
often  of  the  most  inferior  kind  :  cheap»  nasty,  and  absolutely  unhealthy.  All  this 
wretched  system  of  building  which  I  have  described,  and  for  which  we  architects  are 
in  no  way  responsible,  exercises  an  important  influence  for  evil  on  those  who  are  con- 

demned to  live  in  such  houses,  and,  to  my  mind,  fosters  a  carelessness  and 
untidiness  which  affect  materially  the  mental  if  not  the  bodily  health  of  the 
occupiers.  How  is  it  possible  to  be  cleanly  or  tidy  in  a  house  in  which  the  walls 
are  breaking  out  into  patches  of  damp,  the  woodwork  of  floors  or  doors  opening 
out  into  yawning  cracks,  resting-places  for  dirt  and  dust^  which  no  amount  of 
cleaning  can  get  rid  oft  How  can  floors  be  kept  clean  wherein  the  joists  and  crevices 
are  filled  with  decomposing  filth  1  or  how  can  walls  be  cleansed  or  dusted  which 
are  covered  in  places  with  mould,  or  blisters  from  faulty  and  bad  materials  1  The 
most  tidy  housewife  might  well  tire  of  attempting  to  put  her  house  in  order, 
when  all  these  evils  of  bad  workmanship  and  bad  materials  are  meeting  her  at 
eveiy  turn ;  and  thus  she  is  often  disheartened,  and  the  moral  tone  of  healthiness 
engendered  by  the  desire  to  set  things  right  in  her  house,  and  to  make  all  things  about 
her  clean  and  tidy,  is  lost,  by  the  feeling  that  no  amount  of  care  on  her  part  can  make 
clean  or  tidy  the  miserable  materials  on  which  she  has  to  work.  The  spirit 
of  tidiness  in  the  house,  once  done  away  with,  leads  to  untidiness  in  other  things ; 
makes  a  house  dreary,  wretched,  and  unclean,  no  longer  the  pleasant,  cheerful 
home,  but  a  miserable  and  dirty  abode  in  which  want  of  cleanliness  leads  in  a 
short  space  of  time  to  want  of  health. 

I  have  written  thus  strongly  upon  the  moral  effect  of  bad  building  in  the 
homes  of  the  poorer  classes  of  the  community,  because  I  feel  that  it  is  absurd 
and  inconsistent  to  urge  any  better  system  of  design  or  decoration  which  shall 
not  be  useful  to  them  as  well  as  to  ourselves,  and  that  it  is  hopeless  to  suppose 
that  we  can  surround  ourselves  with  beautiful  art  work  if  we  leave  the 

workers  out  in  the  cold,  and  think  not  as  much  for  the  improvement 
of  their  dwellings  as  our  own.  If  everything  about  our  cottage  dwellings  is 
miserable  and  squalid,  hideous  and  unartistic,  how  can  we  expect  that  those  who 
must  find  the  hearts  and  the  hands  to  carry  on  our  own  work  well  and  properly, 

can  be  attuned  to  truth  and  beauty  in  form  or  decoration,  when  their  own  sur- 
roundings are  hideous  and  unartistic  ?  If  we  are  to  expect  any  real  art  knowledge 

in  our  workmen,  we  must  surround  them  with  things  of  beauty.  All  the  teaching 
in  the  world  in  schools  of  art  will  not  produce  a  race  of  art  workmen  if  the 

lessons  are  not  exemplified,  in  however  humble  a  degree,  in  their  own  home  life,. 
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and  if  the  work  and  design  which  they  have  about  them  are  tasteless  and  ugly. 

Tliese  views  may  perhaps  sound  far-fetched  and  Utopian  to  many  of  my  readers, 
but  I  am  quite  certain  that  they  will  appeal  to  the  common  sense  and  better  feeling 

of  a  large  daas.  If  we  provide  pleasant-looking  homes,  comfortable  in  their 

arrangement,  and  truthful  and  sound'  in  their  construction,  for  our  poorer  firiends, 
we  may  suggest  easily  pleasant  and  inexpensive  ways  of  rendering  them  more 
artistic  and  decorative,  by  the  use  of  distemper  colour  or  of  the  innumerable  good 
coloured  illustrati<His  now  to  be  found  in  almost  every  cheap  magazine  or  iUustrated 
paper,  for  pasting  on  the  walls;  thus  imparting  into  the  humblest  cottage 
«Hne  element  of  artiBtic  taste  which  may  influence  the  dwellers  therein  to  amo« 
careful  regard  for  their  homes,  and  a  greater  spirit  of  cleanliness  and  tidiness^  which 
tend  in  so  large  a  degree  to  the  healthiness  and  comfort  of  the  dwelling. 

It  is  well  to  remember  that  a  large  proportion  of  our  own  servants  come 
Irom  these  very  homes;  that  the  influence  of  their  early  home  life  will 
materially  tend  to  our  own  comfort ;  and  that  the  lessons  learnt  in  their  own 
homes  will  bear  good  or  bad  fruit  when  they  enter  into  service.  The  influence  of  early 
assodatioiiB  will  make  all  the  difference  in  bad  or  good  servants,  and  we  may 
be  quite  sure  that  those  who  have  been  brought  up  in  pleasant  and  cheerful 
homes  and  surrounded  with  things  pretty  and  artistic,  in  no  matter  how  small 
a  degree,  will  be  better  and  more  satisfactory  as  helps  in  otir  houses  than  those  who 
have  lived  their  young  life  amidst  surroundings  miserable,  squalid,  and  unartistic. 
They  will  appreciate  imperceptibly  good  art  and  good  decoration  in  our  own  rooms, 

and  will  take  care  to  be  cleanly  and  tidy  in  looking  after  them  without  being  con- 
stantly overlooked,  and  will  add  materially  to  tiie  comfort  and  enjoyment  of 

ourselves. 

In  the  ''  Recreations  of  a  Country  Parson  **  there  is  an  excellent  chapt^*  on  the 
''Moral  Influences  of  the  Dwelling,"  and  I  find  therein  a  quotation  from  Dr. 
Southwood  Smith  which  seems  to  me  worth  repeating  here  as  exemplifying  all 

that  I  have  said  on  cottage  homes : — *^  A  clean,  fresh,  and  well-ordered  house 
exercises  over  its  inmates  a  moral,  no  less  than  a  physical  influence,  and  has  a 
direct  tendency  to  make  the  members  of  the  family  sober,  peaceable,  and  considerate 

of  the  feelings  and  happiness  of  each  other;  ncnr  is  it  difficult  to  have  a  con- 
nection between  habitual  feelings  of  this  sort  and  the  formation  of  habits  of  respect 

for  property,  for  the  laws  in  general,  and  even  for  those  higher  duties  and 

obligations  the  observance  of  which  no  laws  can  enforce.  "Wliereaa,  a  filthy, 
squalid,  unwholesome  dwelling,  in  which  none  of  the  decencies  common  to  society — 
even  in  the  lowest  stage  of  civilisation — are  or  can  be  observed,  tends  to  make 
every  dweller  in  such  a  house  regardless  of  the  feelings  and  happiness  of  each 
other,  selfish,  and  sensual.  And  the  connection  is  obvious  between  the  constant 
indulgence  of  appetites  and  passions  of  this  class,  and  the  formation  of  habits  of 

idleness,  dishonesty,  debauchery,  and  violence."  Not  only  in  the  cottages  of  the 
humbler  classes,  but  in  the  better-class  houses  of  the  upper  middle  classes  there 
is  an  absence,  as  a  rule,  of  any  true  system  df  sanitation,  either  in  the  fittings 
or  general  furniture  of  the  house.  It  may  be  that  some  attempt  has  been  made 
to  rectify  defective  drainage  and  to  put  the  house  to  a  certain  extent  in  order, 
but  in  many  cases  this  is  done  without  thought  or  care,  and  the  result  is,  as 
may  be  imagined,  unsatisfactory. 



THB  VATURB  OF   PAST   KBOLKCT.  313 

In  all  matters  of  the  mere  decorative  treatment  of  our  rooms,  there  has  been 
evinced  an  almost  equal  amount  of  caarelessness  as  of  ignorance,  and  until  quite 
recently  we  have  been  content  to  paper,  paint,  and  whitewash  our  buildings  without 
anj  regard  to  their  healthy  and  proper  decorative  treatment.  The  sanitation  of 
the  house  has  been  thought  to  consist  merely  in  the  proper  arrangement  and 
ventilation  of  the  drains,  and  the  ventilation  of  the  rooms  in  some  form  or  other ; 
bat  the  first  elements  of  fitness  and  simplicity  of  treatment,  harmony  of  colouring, 
and  suitability  and  common  sense  in  the  covering  of  our  floors,  the  decoration  of 
our  walls,  and  the  furnishing  of  our  rooms,  would  seem  to  have  been  utterly 
neglected;  so  that  it  would,  a  few  years  back,  have  been  deemed  absurd  to 

diacas  any  queetion  o£  waU  paintii^  or  papering,  or  any  arrangement  of  floor- 
covering  or  general  treatment  of  the  furniture  and^  fittings  of  a  house,  firom  any 
mere  sanitary  point  of  view. 

For  many  years  we  have  been  content  to  cover  the  whole  floor-sur&ce  of  the 
rooms  with  carpets,  under  which  dirt  and  filth  naturally  accumulated,  to  exclude 

lig^t  and  air  by  heavy  flufiy  curtains,  to  form  resting-places  for  blacks  and 
dust  by  the  use  of  internal  Venetian  blinds,  and  to  fill  our  rooms  with 

lumbering  old-fiishioned  furniture,  with  flat  or  sunken  tops,  which  formed 
dirt  and  dust  traps,  rarely  cleaned  out.  We  have  covered  our  walls  with  papers 
absolutely  deleterious  to  bodily  health,  and  have  had  but  little  regard  to 
the  mental  effect  of  jarring  colours  and  patterns,  or  the  nervous  irritability  which 

almost  unknowingly  is  excited  by  the  use  of  badly-designed  furniture,  incongruous 
and  staring  decoration,  and  vulgar  anachronisms  in  household  taste,  all  of  which, 
1  believe,  exercise  to  an  important  degree  an  influence  equally  damaging  to  our 
mental  as  bad  drainage  and  improper  ventilation  do  to  our  bodily  health. 

Twenty  years  ago,  few  people  knew  or  cared  much  about  the  artistic  character 
of  the  surroundings  of  their  daily  life.  The  ordinary  English  homes  were  fitted 
np  either  in  the  dreariest  monotony  of  commonplaoeness,  or  made  gaudy  with 

paper-hangings  and  fiooiMX>verings  of  vulgar  colouring  and  design.  The  carpets 
were  covered  with  sprawling  festoons  of  flowers,  or  with  impossible  grotesques 
of  birds,  beasts,  and  reptiles,  in  utterly  unnatural  ianeatment  and  senseless 
repetition.  Flock  papers  of  monotonous  shades  darkened  our  rooms  and  acted 
as  traps  for  collecting  all  the  filth  and  dust  that  could  be  absorbed  from 
fool  and  unhealthy  vapours,  or  collected  from  the  dirt  and  smoke  that  gradually 
aocnmulate  in  every  housa  Not  only  were  they  inartistic  and  subversive  of  that 

mental  enjoyment  or  pleasure  which  good  and  harmonious  colouring  tends  to  pro- 
duce, but  absolutely  unhealthy ;  engendering  a  feeling  of  stuffiness  and  impurity, 

by  constant  absorption  and  accumulation  of  the  various  impurities  which  prevailed 

in  rocnns  which  were  more  or  less  closely  shut  up,  and  in  which  no  proper  arrange- 
ments existed  for  healthy  ventilation.  The  gold  or  metal  work  in  the  ornaments 

soon  got  black  and  shabby;  the  fluffy  nature  of  the  material  collected  and  held 
dust  and  other  impurities,  which  no  amount  of  brushing  or  cleaning  could 
entirely  get  rid  of. 

Then  the  floors  were  covered  all  over  with  oil-clotii  or  carpet,  and  formed  pleasant 
and  Bafe  collecting-plaoes  for  dust  and  dirt,  which  was  only  partially  got  rid  of  at 

the  annual  or  biennial  periods  of  spring  and  autunm  cleaning,  and  in  times  of  sickness 

held  closely  to  all  the  effluvium  and  infection,  to  the  almost  certain  spread  of  diseases 
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and,  at  aU  events,  to  the  always  general  nnhealthiness  of  the  house.  The  pieannt 
association  of  hannonioas  and  grateful  oolooring,  of  a  healthy  treatment  of  saifaoe 

decoration  by  which  a  higher  mental  tone  is  inspired,  or  of  any  artistic  arrange- 
ment of  the  wall  or  floor-surfiaoes,  were  utterly  unknown,  and  everything  about  us 

was  trashy,  vulgar,  and  commonplaca  Gross  shams  and  vulgar  imitations  in 
everything  pertaining  to  dress,  decoration,  and  furniture  were  not  only  accepted 

but  delighted  in ;  the  age  of  "  hoops "  and  other  enormities  in  dress  was  equallj 
satisfied  with  an  utter  disregard  of  moral  or  mental  satLsfaction  in  the  decoration 
of  the  house,  and  cared  little  or  nothing  for  the  truth,  fitness^  and  oomfort  of  its 
internal  belongings. 

In  matters  of  taste  there  has  been,  and  will  always  be,  great  difference  of 

opinion ;  but  as  the  sense  of  ̂ ht  may  be  said  to  become  interested  and  affected 
from  our  earliest  childhood,  long  before  our  other  senses  become  fully  or 
practically  developed,  it  is  but  fair  to  assume  that  the  harmonious  treatment 
of  colours  and  the  arrangement  oi  artistic  forms  with  beauly  and  grace  will 
naturally  exercise  an  equal  amount  of  healthy  influence  on  the  sense  of  sight, 
as  the  proper  sanitary  arrangement  of  our  homes,  and  the  cleanliness  and  puriiy 
of  our  surroundings,  do  upon  the  especial  senses  with  which  they  are  connected 
— ^taste,  touch,  and  smell. 

The  child  is  amused  and  interested  by  being  shown  coloured  pictures,  and  it 
is  surely  a  matter  of  importance  that,  so  £ur  as  possible,  the  teaching  of  the  eye 

or  sense  of  sight  shall  be  of  a  good  rather- than  an  inferior  order,  and  that  it 
should  be  considered  quite  as  requisite  for  healthy  life,  that  the  fitting  up  of 
the  homes  we  live  in  should  be  pleasant  and  suitable,  and  the  things  we  surround 
ourselves  with  harmonious  and  beautiful  in  their  form  and  colour,  so  that 

the  lessons  which  they  are  imperceptibly  teaching  for  all  time  should  be 
of  a  truthful  and  healthy  character,  as  that  the  food  we  eat  should  be  of  good 
quality  and  properly  cooked,  and  that  the  general  sanitary  state  of  the  dwelling 
be  as  perfect  as  possibla  A  child  may  not  at  first  be  able  to  distinguish  the 

difference  between  good  and  bad  drawing,  or  between-  harmonious  and  crude 
colouring  in  the  picture-books  which  are  set  before  it ;  but  surely  the  intellectual 
teaching  of  good  art  in  beautiful  drawing  and  colouring  will  imperceptibly  tend 
to  the  healthier  teaching  and  gradual  and  higher  mental  development  in  all 

matters  in  which  the  sense  of  sight  is  concerned,  quite  as  much  as  weU-selected 
and  well-written  books  tend  to  foster  purity  of  thought  and  language.  It  is 

not,  therefore,  too  much  to  assume  that  "  the  girl  or  boy  who  grows  up  amidst 
harmonies  of  form  and  colour,  and  intelligent  application  of  material,  imbibes 
therefrom  a  spontaneous  notion  of  what -is  meant  by  practical  taste  in  its  every-day 
uses ;  and  it  is  not  going  too  far  to  say  that  the  art-disposition  of  sudi  a  child 
is  fined  down,  and  is  rendered  more  delicate  and  more  subtle  by  early  association 
with  good  models,  and  that  its  power  of  appreciating  the  beautieB  of  nature  is, 

in  consequence,  strengthened  and  extended." 
In  most  of  us  the  sense  of  touch  is  at  once  appealed  to  by  contact  with  any 

impurity  or  disagreeable  body,  the  sense  of  hearing  is  jarred  by  listening  to  dis- 
cordant sounds,  or  by  noises  which  are  harsh  and  out  of  character  with  the  ordinary 

harmony  of  speech  or  music ;  while  the  organs  of  taste  and  smell  are  immediately 
appealed  to  by  any  impurities  or  nastinesses  with  which  they  may  come  in  contact. 
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Why  therefore  ahotdd  the  most  important  sense  of  all,  sight,  be  so  utterly 

neglected,  and  its  healthy  and  proper  development  uncared  for,  by  an  utter  dis- 
regard of  beaufy  either  of  form  or  colour  in  our  general  surroundings,  and  by 

a  constant  association  with  things  that  are  crude  and  ugly,  glaring  and  vulgar 
in  colour,  hideous  and  misshapen  in  form  1 

In  an  admirable  and  thoughtful  article  by  Mr.  Watts,  R.A.  in  the  Nine- 

teenth  Ceniwry  of  February,  1880,  on  ''The  Present  Oonditions  of  Art,"  occur 
the  following  words,  which  to  my  mind  mark  essentially  the  reasons  of  the 
present  d^enerate  and  unhealthy  state  of  all  matters  pertaining  to  domestic  arts 
in  the  present  day. 

"The  untiring  interest,  the  pains,  the  love  bestowed  formerly  upon  the 
perfecting  and  decorating  of  almost  all  objects  of  daily  use,  even  when  the 
service  required  was  most  material,  is  one  of  the  most  striking  points  of 
difference  between  ancient,  or  medieval,  and  modem  lifa  .  .  .  Our  confirmed 

habit  of  regarding  art  and  all  that  belongs  to  it,  all  the  delights  that  come  to 
us  through  the  medium  of  the  noblest  of  all  our  organs,  as  necessarily  separated 
from  the  serious  business  of  life,  mus£  be  fatal  to  art.  The  necessity  for,  and 
instructive  deli|^t  in  beauty,  must  be  felt  before  we  can  hope  to  see  great  art 
flourishing  healthily.  The  eye  must  appreciate  noble  form  and  beautiful  colour 
before  the  jar  consequent  at  the  sight  of  ugliness  is  felt  which  would  as  a  rule 
prevent  its  existence.  In  our  modem  life  the  cultivation  of  the  eye  is  sacrificed 
to  all  kinds  of  meaner  considerations.  Other  organs  of  taste  are  respectfully 

treated.  Few  people  lightly  value  the  importance  of  the  cook's  preparations. 
The  well-dressed  dinner  is  not  put  off  till  Sunday;  to  be  indifferent  to  bad 
smells  would  be  to  confess  defective  organisation.  Sounds  are  serious  matters. 
We  make  efforts  to  escape  discordant  noise,  or  submit  with  grumbling.  But 
with  regard  to  the  eye  we  submit  habitually  to  conditions  which  are  equivalent 
to  tearing  raw  meat  with  our  fingers  and  teeth,  living  in  the  midst  of  vile  odours, 

and  complacently  enduring  abominable  discords." 
To  a  great  extent  our  manufacturers  have  it  in  their  power  to  bring  back 

a  healthy  artistic  tone  in  everything  we  use ;  the  commonest  articles  of  daily  life 
may  be  just  as  well  beautiful  in  form,  harmonious  in  colouring,  and  good  in 
decorative  design,  as  ugly,  crude,  and  vulgar.  It  is  no  more  costly  to  make  our 
ordinary  pots  and  pans,  cups  and  saucers,  silver  and  glass,  beautiful,  than  it  is 
to  loake  them  trashy  and  hideou&  The  simplest  designs,  if  beautiful  and  graceful 
in  shape,  are  infinitely  more  preferable  in  everything,  than  the  costly  productions 

covered  with  stuck-on  ornament  or  badly-designed  painting  or  engraving. 
In  all  the  commonest  articles  of  daily  use  and  necessity,  there  may  be  grace 

and  simplicity  of  form  without  the  unnecessary  and  unmeaning  overlaying  of  bad 
ornament,  which  is  not  only  useless  but  costly,  liable  in  glass,  china,  or  pottery 
to  be  easily  chipped  and  broken,  difficult  to  clean,  and,  as  a  rule,  utterly  useless. 
Fitness  for  the  special  purposes  for  which  the  various  articles  are  intended,  and 

common-sense  treatment  of  their  form  and  shape,  should  be  the  true  aim  of 
all  manufacturers,  in  the  design  and  make  of  the  innumerable  objects  of  daily  use. 

It  must  be  evident  to  common-sense  people,  that  all  furniture  which  collects 
and  holds  dust  and  dirt  which  cannot  be  easily  detected  and  cleaned ;  that  all 
window-valances  and  heavy  stuff  curtains  with  heavy  fringes  which   cannot  be 
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oonstantlj  shaken ;  and  that  all  floor-ooveringB  which  are  fastened  down  bo  that 
it  ifl  impoasible  to  clear  away  the  dust  that  gradually  but  surely  finds  its  way 
under  them,  and  prevents  the  coverings  themselves  from  being  constantly  shaken, 
are  objectionable  and  unhealthy. 

In  the  present  craving  after  artistic  decoration  and  furniture,  and  improved 
sanitary  arrangements,  it  may  be  that  we  are  running  to  the  other  extreme, 

frightening  ourselves  unnecessarily,  and  by  overdoing  the  remedies'  which  are 
recommended  and  provided  for  us  by  aU  the  various  experts  in  sanitary  science 
or  art  decoration,  inflicting  damage,  which  by  more  careful  thought  and  intimato 
knowledge  of  the  why  and  the  wherefore  such  remedies  are  to  be  applied,  we 
might  well  avoid. 

All  new  doctrines  are,  however,  liable  to  be  carried  to  extremes,  and  it  is 

only  by  real  knowledge  and  experience  of  years  that  we  can  hope  to  arrive  at 
that  happy  medium,  in  which  the  true  shall  be  separated  from  the  fiilse,  the  wise 
from  the  foolisL  Whether  it  be  in  the  adaptation  of  art  or  science  for  the 
improvement  of  our  dwellings,  we  can  hardly  expect  after  so  many  yean 
of  utter  disregard  of  the  first  principles  of  truth  and  fitness  in  all  construction, 
sanitary  and  artistic,  to  begin  an  age  of  improvement  and  real  progress  without 
fiedling  into  some  of  the  many  pitfalls  which  the  various  professors  of  the  new 
schools  of  sanitary  and  artistic  improvement  naturally  lead  us  to,  when  as  yet 
they  are  not  agreed  themselves  on  the  best  principles  or  means  for  carrying 
out  the  especial  theories  which  they  advocate. 

Pet  schemes  are  like  pet  dogs,  nuisances  to  be  avoided  as  much  as  possible; 
and  common  sense  should,  I  take  it,  enter  lai^y  into  all  matters  that  are  to  be 
permanently  useful  to  mankind,  whether  it  be  in  sanitary  appliances  for  the 

better  drainage  and  water-supply,  or  in  the  more  healthy  and  truthful  decoration  of 
the  houses  we  live  in.  It  may  be  said  that  the  two  things  are  not  capable  of 
comparison ;  that  science  depends  only  upon  facts  and  the  results  of  much  experience 
and  many  failures,  while  decoration  is  a  matter  of  taste  made  up  of  many  theories 
and  dependent  to  a  great  extenji  on  the  individual  fancy  and  caprice,  or  upon 
the  amount  of  knowledge  cr  ignorance,  as  the  case  may  be,  either  in  the  individual 
or  the  artist 

It  would  be  easy  enough  to  combat  this  argument  by  pointing  out  that 
there  are  almost  as  many  opinions,  differing  to  a  large  degree,  in  questions  of 
sanitary  science,  as  in  those  pertaining  to  truth  and  taste  in  decoration ;  various 

sanitary  professors  will  tell  you  that  "  traps "  are  deadly,  while  others  will  assert 
that  you  cannot  ''trap"  too  much.  The  professors  of  artistic  decoration  differ 
materially  in  their  views,  and  are  not  yet  agreed  on  the,  to  my  mind,  fundamental 
principle  that  aU  good  decoration  should  be  truthful  and  baaed  on  construction, 
that  all  things  should  be  beautiful  in  form  and  colour,  whatever  that  form  or  colour 
may  be.  Whatever  may  be  our  own  particular  fancies  or  caprices  as  to 
form  and  colour,  the  one  should  be  essentially  fitting  for  its  purpose,  graceful  in  its 
treatment,  and  truthful  in  its  construction ;  while  the  other  should  be  harmonious 
and  pleasing,  without  any  flaunting  crudities  or  vulgarities  which,  to  the  really 
educated  or  refined  mind,  are  as  objectionable,  and,  in  their  way,  as  morally  and 
mentally,  if  not  bodily  deleterious,  as  any  other  impurities  or  imperfections  with 
which  we  may  be  surrounded. 
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After  long  years  of  absolute  indifference,  and  in  a  great  measure  of  absolute 

ignorance  in  most  matters  pertaining  to  artistic  taste,  there  seems  to  have  taken 
place  a  remarkable  awakening  to  the  badness  and  vulgarity  of  the  general 
decoration  and  furnishing  of  the  houses  we  live  in ;  and  with  this  awakening,  so 
to  q)eak,  from  utter  carelessness  as  to  the  artistic  and  truthful,  or  even  healthy 
character  of  colouring  of  our  walls  and  of  the  fittings  we  surround  ourselves  with, 
has  set  in  a  feshion  which  is  encouraging  better  taste  and  more  truthful  work 
in  our  homes.  But,  unfortunately,  with  all  this  greater  interest  in  the  artistic 
treatment  of  our  buildings,  there  is  evinced,  to  a  large  extent,  a  want  of  real 
knowledge  of,  and  love  for  art  for  its  own  sake,  founded  on  practical  education  and 
traiaed  judgment.  Fashionable  wall-papers  and  fashionable  furniture,  called  after 
some  particular  period  of  design,  are  made  to  do  duty  for  honest  thought  and  study, 
by  which  alone  any  proper  or  lasting  knowledge  can  be  attained.  Absurd  forms 

and  useless  and  expensive  conceits  in  design  run  riot  in  papers,  carpets,  and  hanging 
stn&  Vulgar  display  is  often  preferred  to  simplicity  of  treatment ;  the  use  and 
purpose  to  which  the  various  pieces  of  furniture  are  to  be  put  are  almost  entirely 
lost  sight  of;  the  striving  after  novelty  of  form  causes  the  real  value  of  the  particular 

article  of  furniture  or  fitting  to  be  materially  decreased :  the  shams  of  so-called 
high  art  or  sstheticism  are  preferred  to  good  and  simple  forms,  useful  shapes, 

and  common-sense  arrangement,  whether  it  be  in  furniture  or  mere  decorative 
fittings.  Mere  fashion,  like  all  caprices  dependent  upon  popular  or  individual 
change,  cannot  in  the  nature  of  things  be  lasting  or  real :  a  new  fashion  and  a 
new  craze  will  set  in,  and  condemn  all  present  arrangements  based  upon  ignorance 
or  mere  imitation  of  the  art  of  other  countries,  which,  in  nine  cases  out  of  ten,  is 

utterly  unfitting  and  inappropriate  to  modem  requirements  and  the  existing  social 
life  and  feeling. 

The  great  importance  of  a  proper  scientific  training  is  being  acknowledged  in 
our  public  and  private  schools ;  we  may  well  hope  therefore  that  ere  long  a  higher 
artistic  training  will  also  be  insisted  upon,  and  the  knowledge  of  art  form  and 
colour  will  be  eventually  found  as  necessary  in  the  education  of  an  English 
gentleman,  as  is  the  knowledge  of  writing,  reading,  and  arithmetic.  Without 
Uiis  early  education  it  is  hopeless  to  suppose  that  the  masses  of  even  the  educated 
public,  with  all  the  assistance  offered  by  the  innumerable  mass  of  things  artistic 
brought  together  in  the  museums  and  private  collections  of  Europe  and  this 
coontiy,  can  properly  and  thoroughly  understand  what  is  really  good  and  truthful 
in  art^  or  can  properly  appreciate  good  painting,  good  decoration,  or  good  form  in 
design  of  furniture  .or  fittings.  With  the  slightest  elements  of  real  artistic 
education  it  would  be  quite  impossible  for  the  mass  of  the  public  generally  to 
put  up  with,  or  in  any  way  be  satisfied  with,  the  atrocious  vulgarities  and  the 
absurd  anachronisms  in  the  design,  form,  and  colour  of  the  innumerable  small 
objects  of  every-day  use. 

So  long,  however,  as  ignorance  reignh  supreme,  and  the  dogmas  of  some 
particular  school  of  false  teachers  are  bUndly  accepted  as  sound  and  correct,  we 
must  be  content  to  see  Fashion  hold  its  own,  and  pander,  in  whatsoever  way 
it  and  its  exponents  choose  to  insist  upon,  to  the  ignorance  and  sentimentality 
of  tiie  large  and  numerous  following  who  accept  the  teaching  as  correct,  because 
they  themselves  are  entirely  ignorant.     This  kind  of  unhealthy  teaching,  founded 
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on  no  true  knowledge,  can  only  lead  to  hlae  lesalts.  For  a  time  we  diall  be 

nAUfleated  with  all  the  sickly  sentimentalism  of  washed-out  colours,  which  are 
called  Queen  Anne,  with  all  the  nonsense  and  flimsiness  of  construction  peculiar 

to  some  special  school  of  eighteenth-century  furniture,  or  with  the  imitaticm  of 
Chinese,  Indian,  or  Persian  decoration — as  unfitted  for  modem  homes  as  the  dreas 
or  life  of  the  particular  people  is  at  Yariance  with  English  home  life  and  the  social 
conditions  of  English  society.  It  must  not  be  thought  for  a  moment  that  I 
am  decrying  the  gtudy  of  the  exceedingly  beautiful  art  of  these  or  any 
countries.  I  am  only  objecting  to  the  slavish,  and  ofttimes  utterly  unappreciatlTe, 
imitation  of  examples  of  ancient  art  which  are  made  to  do  duty  in  modem 
so-called  artistic  decoration*  While  we  learn  and  study  ancient  and  modem 
languages,  we  do  not  attempt  to  substitute  them  for  our  own  English  tongue  in 
ordinary  conversation  or  writing.  Why  then  should  we  be  content  with  the  feeble  and 

generally  grossly  travestied  imitations  of  the  art-work  of  other  countries,  in  place  of  a 
more  truthful  and  healthy  treatment^  founded  on  real  knowledge  and  study,  suitable 

for  modem  requirements  and  everyday  homes  in  England.  The  art-work  that  was 
fitted  and  appropriate  in  the  houses  of  Pompeii,  or  adapted  to  the  walls  of  a  Greek 
temple  or  Chinese  pagoda^  has  nothing  in  common  with  English  home  life ;  and  its 
imitation,  however  fiedthful  and  satisfactory,  is  as  false  and  as  bed  as  the  pretentious 
imitation  of  marbling  or  graining  so  much  affected  in  the  decoration  of  houses  of 
the  earlier  part  of  this  century.  Art,  if  it  be  worth  having  at  all,  must  tend  to 
the  ennobling  and  refinement  of  all,  and  by  appealing  to  the  higher  thoughts  and 
feelings  whidi  are  in  us,  help  to  satisfy  the  want  which  the  eye,  once  properly 
educated,  craves  for  and  requires  in  all  its  surroundings. 

^stheticism  is  the  fashionable  name  by  which  the  new  craze,  for  it  is  nothing 

better,  goes,  and  is  fihst  becoming  a  bye-word  and  a  subject  for  scorn  in  the  world 
to  iBstheticism  in  dress  may,  I  take  it,  be  traced  the  extraordinary  fashions  whick 

in  late  years  have  found  favour  in  washed-out  colours  and  senseless  affectation 
of  peculiarities  of  shape  and  form,  which,  with  a  certain  number  of  pe<^le,  are 
supposed  to  represent  high  artistic  culture  and  taste. 
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CHAPTER  XXX. 

PRINCIPLES   OF   INTERNAL   DECORATION. 

£vi]i  of  Piretence  «nd  OTer-omftment— Back-grounds  to  be  Unobtnuive— DiseriminaiiTe  Treatment— 
Contruted  and  Anociated  Colours — ^Bvils  of  Gonspiouous  B^gular  Pattern— Simplicity  and 
Harmonj. 

Ab  a  first  principle  in  all  tme  decoration  it  most  be  always  borne  in  mind  that 
good  omament  should  invariably  be  associated  with,  and  form  an  integral  part 
of,  the  real  construction  of  the  building.  If  this  principle  were  always  understood 

and  adhered  to,  the  cost  of  the  generally  trashy  composition  and  plaster-work 
with  which  the  ordinary  builder  has  thought  it  necessary  to  over-lay  the  walls 
and  ceilings  of  our  houses  would  be  considerably  reduced ;  all  this  over-laying  of 
sham  constructive  omament  is  not  only  bad  in  taste  and  expensive,  but  oftentimes 
a  source  of  danger,  and  always  an  element  of  dirt  in  our  rooms.  What  can  be 
more  hideous  and  more  useless  than  the  elaborate  plaster  or  papier  mdchi  cornices 
which  are  generally  to  be  found  in  every  modem  house,  in  which  long  lines  of 
reoened  mouldings,  and  trumpery  cast  enriijhmenta  of  the  worst  possible  design 

answer  no  practical  puxpoee,  and  serve  only  as  recesses  and  resting-places  for  dirt 
and  dust,  while  the  elaborate  and  vulgar  centre-flowers  and  comers  which  are 
stuck  on  to  so  many  of  our  ceilings  are  so  far  an  element  of  danger  that  they  add 

materially  to  the  thickness  of  the  plaster-work,  and  being  altogether  false  in 
CQnstmction,  are  liable  to  give  way  and  fall  down  at  any  moment;  in  them- 

selves are  entirely  opposed  to  any  true  principles  of  decoration,  and  if  picked  out 
in  various  colours  according  to  the  fiishion  usually  followed  by  the  general 
nm  of  decorators,  are  eye-sores  in  the  room,  and  in  every  way  objectionable  and 
out  of  place.  Simple  plain  mouldings^  or  hollows  to  take  off  the  stiffness  of  the 
square  break  between  the  waUs  and  ceilings,  are  all  that  are  necessary,  without 
enrichment  or  stuck-on  omament  of  any  kind ;  these  breaks  can  then  be  treated 
in  a  quiet  and  simple  manner,  and  help  to  improve  the  general  decorative  effect  of 
the  rooms,  whether  they  be  papered,  painted,  or  distempered. 

From  every  point  of  view  these  constmctional  shams  are  objectionable.  They 
weary  the  eye  with  their  long  monotonous  multiplication  of  the  same  moulded 
trass,  lea^  or  flower;  they  are  essentially  false  and  untrathful,  and  so  far  are 
opposing  elements  to  the  association  of  fitness  and  reality  which  are  so  eminently 
desirable  in  everything  around  us ;  they  are  conducive  of  dirt  and  dust  wherever 
they  occur,  and  must  naturally  thus  add  to  the  stuffiness  and  unhealthiness  of  the 
room ;  while  at  the  same  time  they  are  opposed  to  all  true  taste  and  artistic  beauty 
and  simplicity  in  the  decorative  ornamentation  of  our  walls  and  ceilings.  In 
objecting  to  all  such  constructional  shams  as  these,  I  am  anxious  that  it  should 
be  understood  that  I  do  so,  not  only  upon  the  point  of  taste,  but  on  the  more 
substantial  basis  that  they  are^  to  a  great  extent,  elements  of  useless  expense,  and 
tend  to  deaden  the  mind  to  an  unhealthy  and  careless  disregard  of  ialae  art  and 

construction,  and  so  £u*  to  prevent  any  better  feeling  for  true  taste  in  decoration. 
Shams  of  all  kinds  are  to  be  objected  to,  whether  it  be  in  expensive  and  pretentious 
[faster  or  papier  mdehi  omaaient,  unwieldy  and  pretentious  trusses  to  windows 
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or  mantelpieces  which  sapport  nothing,  and  are  often  bo  badly  set  on  that  they 
can  hardly  hold  themselves  up,  or  in  the  imitation  of  other  materials  by  ose  of 
graimng  and  marbling.  What  can  possibly  be  worse  in  taste  and  so  utterly  cold 
and  miserable  as  coveiing  staircases  or  other  walls  with  paint  or  paper  in  imitation 

of  blocks  of  marble  or  granite,  or  so  tnimpery  and  tasteless  as  graining  wood- 
work in  imitation  of  various  woods ;  perhaps,  as  I  have  seen  in  many  instances, 

satin-wood  or  maple  for  one  side  of  a  door^  with  dark  walnut  or  wainscot  on 
the  other  side ;  and  pifler  all,  when  this  is  done,  it  is  a  miserable  travesty  of  the 
real  material,  and  deceives  no  one  who  really  knows  anything  of  the  particaUr 
materials  the  graining  is  intended  to  represent.  This,  I  may  be  told,  is  an  argument 
in  its  flavour,  that  it  deceives  no  one,  and  therefore  does  not  matter;  bat 
the  intention  is  the  same,  and  whether  the  lie  be  well  or  badly  told,  it  is  a 
lie,  any  way,  and  so  far  subversive  of  a  healthy  turn  of  mind  or  true  artistic 
feeling. 

"  In  art,"  says  Mr.  Redgrave,  the  late  Art  Inspector-General  at  South  Ken- 
sington, ''a  back-ground,  if  well  designed,  has  its  own  distinctive  features,  yet 

these  are  to  be  so  far  suppressed  and  subdued  as  not  to  invite  eq>ecial  attention ; 
while  as  a  whole  it  ought  to  be  entirely  subservient  to  supporting  and  enhancing 

the  principal  figures — the  subject  of  the  picture.  The  decoration  of  a  wall,  if 
designed  on  good  principles,  has  a  like  office ;  it  is  a  back-ground  to  the  furniture, 
the  objects  of  art,  and  the  occupants  of  the  apartment.  It  may  enrich  the  general 
effect,  and  add  to  magnificence,  or  be  made  to  lighten  or  deepen  the  character 
of  the  chamber ;  it  may  appear  to  temper  the  heat  of  summer,  or  to  give  a  sense  of 
warmth  and  comfort  to  the  winter;  it  may  have  the  effect  of  increasing  the 
size  of  a  saloon,  or  of  closing  in  the  walls  of  a  library  or  study ;  all  which,  by  a 

due  adaptation  of  colour,  can  be  easily  accomplished.  But  like  the  back-ground 
to  which  it  has  been  compared,  although  its  ornament  may  have  a  distinctive 
character  for  any  of  these  purposes,  it  must  be  subdued,  and  uncontrasted  in  light 
and  shade;  strictly  speaking,  it  should  be  flat  and  conventionalised,  and  lines 
or  forms  which  are  harsh  or  cutting  on  the  ground  should  be  as  £ar  aa  possible 

avoided,  except  where  necessary  to  give  expression  to  the  ornamentation.  Imita- 
tive treatments  are  objectionable  on  principle,  both  as  intruding  on  the  sense 

of  flatness,  and  as  being  too  cLUractwe  in  their  details  and  colours  to  be  sufficiently 

retiring  and  unobtrusiva" 
I  believe  it  has  been  shown  by  experiment  and  observation,  that,  to.  a  certain 

and  distinctly  appreciable  degree,  yarious  colours  act  upon  our  optic  nerves  to  their 
fatigue  and  injury,  and  so  far  to  the  weariness  and  unhealthy  action  upon  the  brain, 
and  that  therefore  it  is  a  matter  of  interest  to  us  how  &r  we  may  use  colours  which 
present  an  harmonious  and  pleasant  contrast  to  the  eye,  or  which  fatigue  and  annoy 
us  by  their  harshness  and  inharmonious  arrangement  Quite  certain  it  is,  however, 
that  proper  and  harmonious  contrast  and  arrangement  of  colours  is  an  important 

question  in  all  artistic  decoration,  as  by  proper  contrast  various  colours*  may  be made  to  look  more  beautiful  and  effective,  while  a  dingy  and  unpleasant  effect  nuiy 

be  easily  produced  by  any  bad  (h*  violent  combination ;  and,  as  a  natural  consequence^ 
the  graceful  and  pleasant  appearance  of  our  rooms  will  be  naturally  enhanced 
or  decreased  by  a  study  and  knowledge  of  the  contrasts  and  effects  of  various 
colours.     Without  being  able  to  define  the  exact  shade,  and  even  sometimea  the 
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exact  colourings  of  any  room  we  enter,  we  are  sensibly  affected  pleasorably  or  the 
reverse  by  its  general  tone  and  treatment ;  even  as  in  admiring  good  taste  in  dress 
we  may  not  always  be  able  to  describe  what  it  was  that  caused  our  special  delight 
or  admiration.  How  often  do  we  hear  it  said  that  this  or  that  lady  was  well 
dressed,  and  on  being  asked  for  a  description  of  the  dress  or  colour  we  are  unable 
to  remember  or  describe  it.  In  the  like  manner,  the  prettiness  and  general  pleasant 
effect  of  a  room  is  often  marred  by  some  injudicious  or  inharmonious  contrast  of 
colouring  or  design  in  the  paper  or  decoration,  and  ornament  that  should  be 
in  subjection  and  subordinate  to  the  general  effect  is  made  staring  and  obtrusiye,  to 
the  destruction  of  the  luiistic  effect,  and  to  our  own  mental  annoyance.  Without 
further  entering  into  the  physiological  causes  which  enable  us  to  judge  between  the 
proper  and  pleasant  contrast  and  association  of  colours  and  the  reverse,  it  will,  I 
think,  be  admitted  that  a  greater  regard  and  attention  to  house  decoration  will 
pleasurably  or  prejudiciously  influence  our  own  comfort  and  health  ;  and  if  this 
be  admitted  when  our  bodily  health  is  good,  and  our  nerves  strong  and 
vigorous,  how  much  more  will  it  be  admitted  when  suffering  from  bodily  or  mental 

iU-health  and  fatigua  In  the  selection  of  paper  or  other  hangings,  and  in  the  arrange- 
ment of  all  ornament  in  wall  or  panel  decoration,  it  becomes  therefore  a  matter  of 

importance  to  select  none  which  shall  have  distinct  and  strongly-marked  patterns 
in  which  the  ornament  stands  out  and  repeats  itself  in  endless  multiplication  and 
monotony ;  all  such  patterns  would  be  a  source  of  infinite  torture  and  annoyance 
in  times  of  sickness  and  sleeplessness,  would  materially  add  to  our  discomfort 
and  nervous  irritability,  and  after  a  time  have  a  ghastly  and  nightmare  effect  upon 
the  brain. 

Naturally  the  walls  of  various  rooms  will  require  different  treatment.  Halls 
and  staircases  should  be  of  some  warm,  quiet  tones  of  colouring,  such  as  reds  or 
greens  which  are  not  positive  colours,  as  the  eye  on  entering  a  house  is  generally 

fatigued  by  the  strong  glare  of  daylight ;  in  the  drawing-room,  a  good  all-over 

decorative  pattern,  such  as  "  Morris "  blue  pomegranate,  or  some  of  the  generally 
decorative  and  well-designed  modem  French  patterns,  forms  an  exceedingly  good 
covering,  as  being  essentially  gay  and  decorative  without  being  especially  defined 
in  colour  or  ornament ;  in  the  drawing-room  the  waU-covering  becomes  often  a 
mateiial  portion  of  the  decoration,  and  is  not  usually  required  for  a  background  for 
pictures  or  prints,  and  any  good  pattern  in  which  the  general  colouring  is  brilliant 
without  being  gaudy,  and  in  which  the  ornament  and  colours  are  so  well  arranged 
and  balanced  that  they  do  not  attract  the  eye  by  any  strongly-defined  pattern  or 
colouring  may  safely  be  used.  In  a  dining-room  or  library,  dull  reds  or  warm 
msset-lMrowns  form  good  backgrounds  for  pictures  or  engravings,  and  even  brilliant 
golden-flecked  vermilion  or  quiet  tones  of  blue,  if  reUeved  with  enrichment  or  top 
friezes  of  warm  vellum  or  lighter  shades  of  blue  and  white,  can  be  used  with 
good  effect,  and  do  not  by  any  means  form  disagreeable  backgrounds.  It  must  be 

manifest  that  the  cutting  up  of  any  wall-surface  by  hanging  pictures  from  the 
cornice-line  by  means  of  long  cords  or  wires  must  be  disagreeable  in  effect;  if, 
therefore,  picture-rods  are  used  in  any  room  of  ordinary  size,  say  from  ten  to  twelve 
feet  in  height,  they  should  be  placed  from  two  to  three  feet  lower  than  the  cornice, 
and  be  aflSbced  to  or  form  part  of  a  small  wood  dividing  moulding  or  rail  The  top 

frieze,  or  surface,  can  be  lefb  plain  or  covered  with  a  light  self-tinted  diaper  paper, 
25 
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or  with  arabesque  enrichment,  in  one  or  two  light  shades  of  colouring,  so  arranged 

that  they  should  not  take  away  from  the  flatness  of  the  wall-surfaoe  or  attract  the 
eye  by  too  great  prominence  of  colouring  or  ornament 

Dark  golden  yellow  with  russet  and  white  ornament  form  also  a  {deasant 
general  wall -surface  when  treated  with  a  dado  of  dark  bix>wn  or  stamped 
leather :  whilo  all  colours  which  contain  oxide  of  iron,  such  as  umbers,  reds, 

and  ochres,  are  serviceable  *  and  lasting.  Grood  effects  can  also  be  produced  oa 
waU-surfaces  by  the  use  of  a  i-ecently-introduced  washable  silvering,  which  is 
said  not  to  tarnish  and  not  to  be  injured  by  gas  or  atmospheric  influences— in 
combination  with  black. 

As  all  pleasant  and  artistic  decoration  must,  to  a  certain  extent^  depend  upon 
the  proper  arrangement  of  colours,  and  upon  a  knowledge  of  their  various  effects 
when  placed  in  contiguity  to  each  other,  and  the  changes  which  take  place  under  the 
influence  of  contrast,  it  will  be  useful  to  note  a  few  of  the  more  important  changes 
in  colours  which  are  more  or  less  largely  used  in  the  decoration  of  our  rooms, 
whether  with  paint,  paper,  or  distemper ;  and  I  give  below  a  table  compiled  from 

Professor  Rood's  valuable  book  on  ̂   Modem  Chromatics,  applied  to  Art  and 

Industry." 
Pain  of  coloan.  Change  dae  to  oontzast. 

Red   becomes  more  purplish. 
Yellow    „  „     greenbh. 
Red    „  „  orange  red. 
Blue    „  „  greyish. 
I  Yellow    „  „  orange  yellow. 
Green    „  ,,  blui^  green. 

IGreon    „  „  yellowish-green. 
Blue    „  „  purplish. 

( Red    „  „     purplish. 
)  Orange    „  „      yellowish. 
/  Blue    „  „      greenish. 
(^  Violet    »»  „      purplish. 

Red  placed  on  a  white  ground  appears  darker  and  more  intense,  on  a  black  ground 
it  becomes  more  orange  in  tone  and  more  luminous ;  yellow  on  a  white  gtt>und 
appears  darker  and  more  greenish  than  on  a  black  ground,  in  the  latter  case  it  is 
particularly  brilliant,  and  gives  a  bluish  tint  to  the  black  ground.  Yellow  and 
grey  or  black  constitute,  therefore,  a  pleasant  combination.  Green  on  a  white 
ground  looks  deeper  and  richer,  on  a  black  ground  somewhat  paler.  Blue  on  white 
appears  dark  and  rich,  on  black  by  contrast  becoming  more  luminous.  The  eye 
tired  by  gazing  at  green,  is  rested  by  looking  at  its  complement^  Le.,  at  a  mixture 
of  red  and  violet ;  vermilion  with  gold  or  yellow,  or  blue  or  greenish-blue,  orajige 
with  green,  sea-green  with  vermilion  or  violet,  and  red  with  blue,  all  give  excellent 
combinations.* 

A  good  yellow  diaper  on  a  bluish-grey  ground,  or  grey  ornament  on  light  yeDow 
or  vellum  ground,  form  good  combinations  for  the  upper  portion  or  frieze  of  any 
room  where  the  lower  portion  is  treated  with  dark  chocolate  or  purply-brow^u 
grounds.  White  ornament  on  soft  blue  or  green  grounds,  similar  to  Wedgwood 
ware,  is  very  eflective,  especially  when  applied  to  ceilings  or  friezes  in  whidi  the 

*  Fit»m  Professor  Rood's  chapters  on  "  Oontrasts "and  "  On  the  Ckmibination  of  Ooloors  in  Pairs 
or  Triads." 
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ornament  is  in  low  relief  as  is  the  case  in  ceilings  of  the  houses  of  the  end  of  the 
last  and  beginning  of  this  century. 

How  far  different  colours  have  any  really  practical  influence  upon  the  mind 
there  are  at  present  no  reliable  experiments  to  prove,  but  it  is  quite  certain  that 

^-arious  colours  exercise  distinctly-marked  influences.  Dr.  Ponza  of  Alessandria 
has  made  various  experiments  in  treating  certain  forms  of  insanity  by  the 
action  of  coloured  light.  The  following  extract  from  the  British  Medical  Journal 

will  explain  the  nature  and  theory  of  these  investigations  : — "  Dr.  Ponai*s  experi- 
ments consisted,  in  the  abstract,  in  placing  his  patient  in  chambers  coloured 

red,  blue,  and  violet,  with  the  most  surprising  i^esults.  In  the  red  room  he 
placed  a  melancholic  man  who  had  refused  his  food,  but  who  three  Hours  after 

wards  was  found  lively  and  hungry.  In  the  blue  chamber  he  placed  a  violent 
liuuitic,  who  became  much  quieter  within  an  hour.  In  a  violet  room  he  procured 
equally  good  resulta  Of  all  the  rays  of  the  spectrum^  the  violet  are  those  which 

possess  the  most  intense  electro-chemical  rays  ;  the  red  are  richest  in  calorific  rays ; 
whilst  the  blue,  devoid  of  calorific,  chemical,  or  electric  rays,  are  in  fact  the 
nation  of  all  excitement,  and  are  most  useful  in  calming  violent  excesses  of  ftuy. 
It  Lb  said  that  Paracelsus  recommended  red  coral  as  a  remedy  against  melancholy  ; 
while  Esquinol  and  Hosch  assert  that  indigo-dyers  are  melancholy,  and  those  who 
dye  scarlet  are  choleric." 

To  my  mind  nothing  can  be  more  objectionable  and  false  in  art  than  the 
overlaying  of  good  coloured  plain  surfaces  with  flowers  fossilised,  so  to  speak, 
into  imnatural  forms,  so  as  to  present  longways  and  crossways,  and  in  any  way 
in  which  you  look  at  them,  clearly-marked  lines  or  patterns,  or  continual 
8[«tB  on  the  general  surface,  which  fatigue  the  eye,  and  perceptibly  set  up  mental 

irritation  even  in  those  who  are  in  good  health ;  and*  which  tend  to  the  infinite 
discomfort  and  mental  annoyance  of  those  who  are  suflering  from  sickness  or  brain 
weariness.  No  matter  how  well-drawn  or  how  artistic  in  general  treatment,  birds 
seemingly  in  flight,  or  cherubs  holding  festoons  frozen  into  rest,  seem  to  me  utterly 

unsuitable  for  ordinary  wall-decoration,  by  the  absence  in  them  of  all  quiet  and 
repose.  The  pattern  and  colouring  of  a  paper  should  be  so  treated  that  there  should 
be  no  spotty  effects,  and  no  vividly-marked  lines  to  break  up  the  general  surface  into 
set  forma.  Plain  colouring  for  wall-surfaces  has  the  objection  of  showing  scratches 
and  finger-marks  more  easily  than  pattern  papering ;  but  walls  thus  treated  have 
&  much  more  harmonious  and  quiet  appearance,  and  can  readily  be  broken  up,  if  need 
be,  with  simple  enrichment  with  good  effect  Pure  vermilion — toned  with  a  little 
yellow  chrome  to  take  off  its  crudeness,  and  relieved  with  a  darker  sui'base  or  dado, 
and  some  simple  stencil-work  in  the  frieze — or  pure  Antwerp  blue,  look  very 
effective ;  but  both  colours  are  too  delicate  to  use  in  distemper,  except  on  painted 
sarface& 

In  all  decorative  art,  whether  it  be  in  simple  monochromy  or  single  colour,  or 
in  its  more  elaborate  treatment  by  use  of  polychromy  in  various  distinct  colours 
used  simultaneously,  much  must  naturally  depend  on  the  size  and  shape  of  the 

spaces  to  be  treated.  To  quote  the  late  Owen  Jones,  "  The  secret  of  success  is 
the  production  of  a  broad  general  effect  by  the  repetition  of  a  few  simple  elements, 
variety  being  sought  rather  in  the  arrangement  of  the  severMi  portions  of  the  design 

than  in  the  multiplication  of  varied  forms." 
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In  all  modem  decoration  there  is  to  a  great  extent  an  absence  of  simplicity  and 
natural  harmony  of  ooloors,  and  a  want  of  knowledge  of  proper  combinationB  and 
contrasts,  so  that  the  wall-surfaces  are  either  made  flaming  and  vulgar  in  tone  or 
cold  and  lifeless,  when  by  a  little  thought  and  artistic  judgment  they  may  at  the 

same  cost  be  made  agreeable  and  pleasant  to  the  eye,  and  offer  good  back-grounds  for 
the  pictures  and  engravings  which  are  placed  upon  them,  or  pleasant  decorative 
effects  in  monochrome  or  polychrome.  It  is  true  that  in  most  modem  houses  the 
work  of  the  plasterer  and  the  painter  is  of  the  most  tasteless  description,  the 
proportion  and  contour  of  the  mouldings,  whether  in  ceilings,  cornices  and  so^adled 

enrichments,  or  enclosing-mouldings  or  architraves  round  the  doors  and  windows, 
being  generally  coarse  and  bad,  and  offering  no  good  constructive  lines  for  decora- 

tive treatment ;  but  there  is  no  reason  why  the  mere  decorator  should  be  allowed  to 

run  riot  in  over-laying  every  bit  of  bad  enrichment — and  thus  emphasising  its 
badness — ^with  gaudy  colouring  or  gold,  or  in  picking  out,  as  it  is  called,  the  various 
sham  omamente  and  mouldings  with  brilliant  colouring,  with  no  attempt  at 
harmonious  treatment  or  artistic  blending  together  of  tints  and  shades.  The  mere 
conventional  decorator  is  a  being  to  be  avoided  of  all  others,  for  his  idea  of  artistic 
decoration  would  seem  to  be  in  gaudy  colouring  and  gilt,  utterly  unnecessary  and 
exceedingly  expensive. 

Gold  used  in  decoration  will  not  stand  unless  varnished,  but  becomes  black  by 
the  effect  of  noxious  gases  and  impure  atmosphere,  and  in  papers  it  is  generaUj 
made  up  of  inferior  or  Dutoh  metal,  and  soon  becomes  destroyed  by  atmospheric 
effects  or  draughts. 

In  the  examples  which  are  left  to  us  of  the  decorative  treatment  of  ordinaiy 
houses  in  Pompeii,  the  general  arrangement  of  design  and  colouring  was  of  grcat 
beauty  and  elegance  in  outline,  and  quiet  and  graceful  harmony  of  colour;  and 
when  the  ornamentation  was  in  any  way  elaborated  it  was  made  conformable  to  the 
proportions  of  the  rooms  and  in  pleasant  harmony  and  contrast  with  the  furniture 
and  general  surroundings.  We  cannot  but  be  struck  with  the  brightness  and 
cheerfulness  and  general  artistic  effect  of  the  whole  work.  In  the  ordinaiy  roomSL 
the  ceilings  and  upper  portion  of  the  walls  had  simple  borders  of  graceful  desif;:ii, 

in  bright  and  well-arranged  colouring,  with  occasional  panels  formed  either  by  well- 
painted  frescoes  or  ornament.  Without  desiring  to  see  in  modem  rooms  any 
imitation  of  Pompeiian  decoration,  we  might  study  and  adapt  some  of  its  gracefot 
combinations  of  colouring  and  brilliant  tones  instead  of  picking  out  bad  plasteC 
enrichments  in  endless  monotony  of  tints,  or  in  stencilling  hard  and  inartistitf| 
designs  at  various  set  intervals  along  the  wall  or  ceiling  space. 

I 
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CHAPTER  XXXL 

FLOORS  AND  FLOOR  COVERINGS. 
r 

The  Svils  of  Dost — Carpeto  as  Sources  of  Dust —Substitutes  for  laid-down  Carpets— Parqueterie — 
Painted  Floors  and  MoYable  Bugs— Indian  and  Chinese  Matting— Linoleum. 

Very  recently  there  appeared  in  the  columns  of  the  Tiniea  a  letter  from  a 

well-known  surgeon,  who,  under  the  nom  de  plume  of  F.R.C.S.,  set  forth 
his  experiences  of  a  London  house,  and  his  attempts,  to  quote  his  own  words, 

to  make  it  into  a  "  wholesome  and  comfortable  habitation."*  The  writer  commences 
Lis  letter  bj  stating  that  the  house  had  been  immediately  before  him  occupied 

by  a  well-known  ''  sanitary  reformer,"  and  therefore  was  supposed  to  be  in  fair 
sanitary  state ;  that  it  had  been  by  him  "  swept  and  garnished,  painted  and  papered, 
and  presented  a  £air  outside  appearance."  I  cannot  do  better  than  quote  his  letter 
freely,  as  not  only  exemplifying  to  a  great  extent  the  evils  which  exist  in  so 
many  of  our  houses,  but  the  manner  in  which  he  eventually  arrived  at  a  fairly 
satisfactory  solution  of  his  difficulties^  and  established  within  his  walls  a  healthy 

atmosphere,  and,  in  a  common-sense  way,  applied  the  various  suggestions  I  have 
endeavoured  to  promulgate  for  the  better  and  more  healthy  arrangement  of 
decoration  and  furniture. 

It  is  not  necessary  to  follow  the  writer  through  all  his  preliminary  troubles 

as  to  drainage,  his  discovery  of  what  he  calls  a  *'  honey-comb  of  cesspools " 
without  any  connection  with  the  main  sewer,  and  the  various  discomforts 
experienced  from  tribes  of  rats  which  infested  the  said  cesspools. 

In  speaking  of  the  furniture  of  the  house,  he  says,  "I  had  furnished  the 
house  in  the  way  common  to  habitations  of  its  class.  There  were  window- 
cortains  in  the  dining-room,  window-curtains  in  the  oonsulting-room,  window- 

curtains  in  the  drawing-i-oom,  window-curtains  in  the  bed-room&  There  were 
caipets  on  all  the  floors ;  there  were  unprotected  papers  on  the  walls ;  there  were 
wardrobes  and  other  pieces  of  furniture,  which  had  their  apparent  height  increased 
by  oomioes,  within  which  were  hollow  spaces,  seemingly  made  on  purpose  to  form 
barbours  for  dirt.  There  were  ponderous  book-shelves,  containing  a  formidable 
amount  of  printed  lumber,  and  a  still  more  formidable  amount  of  dust  The  walls 
were  old  with  uneven  surfaces,  and  to  these  uneven  surfaces  dirt  clung  with  an 
almost  touching  tenacity.  There  were  all  sorts  of  flu£^  things  about,  which  were 
supposed  to  be  ornamental,  fancy  mats  and  the  like,  and  which  blackened  the 
fingers  of  any  one  bold  enough  to  touch  them.  Last,  but  by  no  means  least,  there 
were  the  ever-increasing  accumulations  of  rubbish,  such  as  old  clothes,  old  toys, 
old  books  and  pamphlets,  old  newspapers,  old  music,  and  miscellaneous  trumpery 
of  every  description     Upon  all  these  things  the  dirt  of  a  London  street  poured 

*  I  may  fiairlj  quote  this  letter  as  setting  forth  some  few  of  the  evils  whioh  may  be  altered  or 
aroaded,  more  especially  as  the  writer,  in  concluding  his  letter,  is  good  enough  to  state  that  *'he 
^nrrtd  Uie  suggestions  which  first  led  him  to  think  of  perfect  cleanliness  as  the  highest  domestic 
Tiitae  from  the  various  suggestions  set  forth  **  by  myself  in  the  series  of  "  Cantor  Lectures "  which 
Idefivered  befon  the  Soeiety  of  Arts  in  the  spring  of  1880. 
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in  without  intermiissioD.     In  dry  weather  the  dust  found  its  way  through  every 
chink ;  in  wet  weather  the  feet  of  visitors  brought  in  mud,  which  dried  into  dust 

speedily.     If  the  childi*en  romped  for  ten  minutes  in  a  carpeted  room,  the  dxist 
would  lie  in  a  thick  layer  upon  the  tables  and  chairs  when  they  had  finished     Dirt 

seemed   to   be   omnipresent   and   all-pervading.     It   was   plentiful   in   the  air  we 
breathed,  it  mingled  with  the  food  we  ate  and  with  the  liquids  we  drank.     The 
house,  thus  arranged,  was  a  scene  of  perpetual  mahtise  and  ailing.     Somebodj 

alwa;  s  had  a  *  cold '  or  a  headache,  the  former  malady  being  now  supposed  to  have  little 
to  do  with  temperature  or  with  chills,  but  to  be  produced  by  the  poisonous  influence 

upon  the  mucous  membrane  of  the  respiratory  passages  of  the  septic  dust  which 

people  breathe,  and  which,  in  the  majority  of  instances,  they  trample  out  of  their 

filthy  carp<;ts.''     After  suffering  in  bodily  health  and  general  discomfort,  and  losing 
children  and  wife  by  seemingly  untraceable  causes,  the  writer  goes  on  to  say,  "  Th« 
conviction  was  at  last  forced  upon  me  that  we  were  placed  under  unwholesome 

conditions  of  living ;  and  I  set  myself  to  consider  how  tliese  conditions  might  he 

changed ;"  and  in  doing  this  the  common  sense  of  a  professional  man  was  at  last  brought 
into  play.     He  began  to  realise  that  dust  and  dirt  meant  disease  and  illness,  if  not 
death  ;  that  dirt  and  dust  could  only  be  got  rid  of  by  getting  rid  of  many  of  the 

generally-accepted  forms  of  fuimiture  and  decoration,  and  that  everything  which 

tended  to  conceal  dirt,  and  retain  it,  must  be  got  rid  of,  and  "  that  all  dirt-traps, 
whether  fixed  or  movable,  should  be  abolished,  and    that   all  surfaces  should  he 

rendered  washable.     Tlie  first   thing  was  to  send  away  cart-loads  of  the  varied 
material  which  I  have  already  described  as  rubbish,  the  terms  including  all  carpets, 

all  window-curtains,  all    the  muslin  blinds  which  people   hang  across  the  lower 
halves   of  bed-room  windows,  all   books   and   pamphlets  wrhich  were   not  really 

required,  eJl  anti-macassars  and  the  like,  everything  that  was  broken,  and  ever}'- 
thing  that  was  useless.     Having  thus  cleared  the  ground,  I  commenced  the  work 

of  refoim.'' 
"The  first  thing,  of  course,  was  to  see  carefully  to  the  draini^  and  water 

arrangements,  to  the  ventilation  of  the  soil-pipes,  the  condition  of  the  cisterns, 

and  so  forth.  The  next  thing  was  to  cover  the  old  floors" — ^which  as  I  have  before 
said  by  their  cracks  and  unevenness  are  among  the  worst  possible  forms  of  dust-traps, 

— "  with  thin  oak  parqueterie  both  in  living-rooms  and  bed-rooms."  This  parquet 
veneering  can  be  done  for  about  the  price  of  a  good  Brussels  carpet,  and  should 

be  polished,  not  merely  waxed,  so  as  to  be  easily  cleaned.  "  It  can  be  dusted  or 
swept  every  day  like  the  top  of  a  table,  or  washed  with  a  sponge  and  spirit  of 
turpentine  when  dust  is  deposited  upon  it.  The  turpentine  not  only  cleans 
it  eflectually,  but  also  affords  the  benefit  of  its  fragrant  and  antiseptic 

odour  for  some  hours  after  it  has  been  used"  Upon  the  parqueterie 
floors  thus  laid  and  maintained,  I  have  a  few  small  Oriental  rugs,  each  of  which 

can  be  taken  up  and  shaken  in  one  hand.  In  the  living-rooms  they  are  dispersed 

about,  in  bed-rooms  they  are  placed  as  hearth-rugs  only." 
It  may  be  objected  to  by  many  people  that  the  cold  floor  would  be  damaging  to 

health  by  the  sudden  chill  to  the  naked  feet  in  getting  out  of  bed,  but  this  is  easily 

remedied  by  having  similar  rugs  or  strips  of  felt  or  carpet  laid  alongside  the  bed  on 
each  side  ;  while  by  such  an  arrangement  the  usual  places  for  dust  under  furniture 
and  beds  is  entirely  avoided,  and  the  healthiness  of  the  rooms  materially  improved, 

k 
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while  the  saving  in  labour  in  cleaning  the  room  thoroughly  each  day  is  manifest, 
for  there  can  be  no  difficulty  in  rubbing  over  the  whole  floor-surface  thus  treated 
with  a  damp  rubber  affixed  to  a  flat  broom,  and  thus  at  once  cleaning  and  purifying 
the  whole  floor-surface.  I  may  here  suggest  what  I  have  always  urged,  that  if  this 
parqneterie  covering  is  objected  to  on  the  ground  of  expense,  the  whole  floor  surface 

may  be  painted  in  four  good  oils  of  a  dark  colour  and  varnished,  at  about  one-third 
the  expense,  and  answer  for  almost  all  practical  purposes  the  same  ends ;  but  it  cannot 
he  too  strongly  urged  that  no  floor  can  be  kept  clean  if  the  chinks  between  the 
hoards  are  allowed  to  remain  as  traps.for  filth  of  all  kinds,  and  the  uneven  surfaces 
of  the  old  floors  be  left  rough  for  the  accumulation  of  dirt  and  dust  which  no 
amount  of  cleaning  can  entirely  get  rid  of.  If  the  floors  be  treated  with  paint 
mixed  to  a  certain  extent  with  varnish,  a  smooth  surface  will  be  obtained  at  a 

moderate  cost,  the  expense  of  carpeting  the  whole  surface  will  be  saved,  and  the  ills 
of  dirt  and  dust  eflectually  prevented. 

All  this  kind  of  painting  and  varnishing  the  floor-surfaces  is  infinitely  less  costly 
than  any  other  kind  of  covering,  carpet,  matting,  or  drugget ;  easily  cleaned,  and  as  a 
consequence  infinitely  more  healthy  and  satisfactory,  and  to  my  mind  much  more 
artistic  and  pleasant  in  its  general  tone  and  appearance  than  any  amount  of  carpet 
or  drugget  covering.  Good  paint  properly  set  with  varnish  or  varnished  over  will 
last  for  years,  and  save  all  the  annoyance  and  unhealthiness  of  carpets  and  annual 
or  biennial  cleanings. 

In  painting  and  varnishing  the  floors  ''sizing''  should  not  be  allowed,  as  it 
invariably  chips,  and  is  generally  put  on  for  the  purpose  of  saving  varnish.  Good  oil 
stain  or  three  coats  of  paint  should  form  the  base  for  all  varnished  floors,  and  it  is 

well  also  to  remember  that  proper  durability  and  hai-dening  of  all  painted  surfaces 
is  in  the  main  due  to  the  quality  of  the  paint  used :  raw  oil  as  the  medium  of  all 

painted  work  is  naturally  slow-drying  and  elastic,  and  if  varnished  before  being 
thoroughly  dry  and  hard,  the  varnish  is  apt  to  crack  and  chip :  the  surface  of  the 

paint  should  be  covered  with  slow-drying  varnish  and  carefully  rubbed  down 
between  each  coat. 

Thin  "  carpet "  parquet  can  now  be  obtained  and  laid  down  at  almost  the  same 
cost  as  good  Brussels  carpet :  glued  down  to  the  existing  floors  it  forms  an 

admirable  non-absorbent  covering,  is  easily  kept  clean,  and  is,  in  every  sense,  more 
h&dthy  and  more  artistic  than  felt,  drugget,  or  carj^ets.  If  polished  with  oil  and 
Wawax  the  grain  of  the  wood  is,  while  being  well  filled  up,  clearly  shown,  and  the 
whole  can  be  kept  clean  and  polished  at  a  comparatively  small  expenditure  of  time 
and  labour.  Captain  Douglas  Ckklton,  in  his  admirable  little  book  on  Hospital 

Oonstmction,  insists  strongly  upon  ''  the  walls  and  ceilings  being  quite  plain  and 
free  from  all  projections,  angles,  or  ornaments  which  should  catch  or  accumulate 

dust"  As  regards  floors,  he  says  :  ''  The  floor  should  be  as  non-absorbent  as 
possible,  and  for  the  sake  of  warmth  to  the  feet  it  must  in  this  country  be  of  wood. 

Oak,  or  other  dose  hard  wood,  with  close  joints,  oiled  and  beeswaxed,  and  rubbed 
to  a  polish,  makes  a  very  good  floor^  and  absorbs  very  little  moisture.  It  is 
impoesible  to  pay  too  much  attention  to  the  joints ;  they  should  be  like  those  of  the 

best  fjorqueierief  affording  no  inlet  for  the  lodgment  of  'iirt ;  for  the  impurities 
which  become  lodged  in  the  cracks  of  the  floor  are  eminently  objectionabla  .  .  . 

PraciiGally,  with  care,  a  well-laid  oak  floor,  with  a  good  beeswaxed  surface,  can 



always  be  kept  clean   by  rubbing,"  and   thtin    the  damp,  which    is  necesB«ril; 
raigendered  by  constant  scouring  with  soap  and  water,  is  done  away  with. 

Until  within  the  last  few  years  it  has  been  the  custom  to  cover  tiie  whole 
■urCkce  of  our  floors,  whether  in  the  sitting  or  bed^rooms  of  our  houses,  with  carpeti 
fitted  carefully  to  every  angle  and  receaa,  and  nailed  tightly  down  to  the  woodworit 
The  ordinary  cleaning  has  been  done  by  sweeping  over  the  surface,  by  which  i 
certain  amount  of  dust  and  fluff  has  been  removed  ;  but  by  far  the  greater  portion, 
after  helping  to  make  the  room  foul  for  a  while  with  clouds  of  filthy  particles  of 

AxnLi  CkMatr  rot  Booki,  Pinu,  m>  Ceiu,  Baonna  Hotaili  Bus  ok  Cunn. 

accumulated  dirt  held  in  suspense  in  the  air,  settles  again,  in  part  on  its  ongiml 

resting-pUce,  and  in  part  on  every  piece  of  furniture  and  every  ornament  uid 
projection  in  the  room,  necessitating  constant  labour  in  cleaning.  For  months  thia 
dnst  and  dirt. has  been  left  to  accumulate  in  and  under  the  carpets,  the  floon 
never  being  washed,  and  the  carpets  never  properly  beaten  and  cleaned,  until  tha 

nsiial  time  of  spring  or  autumn  "cleaning"  took  place,  and  thus  infinite  labour  hu 
been  required  to  keep  the  rooms  fairly  dusted  and  pure. 

It  must  be  evidrait  that  the  accumulated  dirt  and  dust  materially  tend  to  keep 
the  rooms  stn^  and  anheolthy,  for  it  could  hardly  be  expected  that  the  laboui 
and  trouble,  not  to  say  expense,  of  onnailing,  taking  up,  and  relaying  tbe  on^ 
wonld  be  incnrred  ofteoer  than  necessary,  and  thus  the  floors  themselves  becsmt 
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SKhj,  fool,  and  imheahhj,  the  iatentices  filled  with  putrefying  dirt ;  all  conducive 
ta)  iUiie»  and  onhealthineBB. 

Tbe  present  fashion  in  taste  is  so  far  effecting  an  Improvement,  inasmuch  aa 

"  fitted  "  CMpeta  are  the  exception  uid  not  the  mle,  and  have  given  w&j  to  central 
cquan  carpets  or  scattered  mgs,  eaalj  removable  and  cleaned,  so  as  to  admit  of 
the  whole  of  the  floor-BnrEace  being  thoroughly  washed  and .  purified  at  least  once 
n  vffk  or  month,  white  the  side  poridona  exposed  can  be  kept  clean  and  pure  hy 
wnshing  over  each  day  with  a  damp  oloth. 

In  no  room  or  paaaage  should  the  flooroovering  extend  over  the  whole  surface ; 

A»sLB  Ctttnr  ivK  Pirau  in  Cm*.  Siontae  Motuli  CiKm. 

lid  in  no  case  ulioald  either  carpet  or  rug  be  laid  under  any  piece  of  funiiturs 

vhich  is  not  easily  removable,  so  as  to  admit  of  its  being  i-eadily  taken  up  for 
frequent  brushing  or  cleansing  outaide  the  rooms. 

In  most  cases  the  wooden  floors  of  our  houses,  even  where  laid  in  the  most 

ctrefal  manner,  are  liable  to  shrink,  so  as  to  leave  spaces  between  the  boards, 
'^)igh  which  dirt  &11b  and  remains  boxed  up  for  ever  in  the  spaces  between  them 
Mid  the  ceilings  under,  or  until  the  spaoea  themselves  get  filled  up  with  soap  and 
dirt  ijiar  many  years.  Practically  we  must  not  wonder  that  there  is  generally 
a  ckae  and  unwholesome  smell  clinging  to  the  rooms,  no  matter  how  well  they 
ne  ventilated,  owing  to  the  aooamulatton  of  decomposing  and  decomposed  filth 
io  tlie  interstices  of  the  boarding,  which  every  cleaning  only  increases ;  while 
i»  the  older  house*  tlie  floor-boarda — which  are  always  wider  than  those  in  modem 
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buildings — ^have  either  shrunk  or  got  worn  in  the  centre  so  as  to  leave  uneven 
surfaces,  which  all  tend  to  unhealthiness  by  the  spaces  thus  formed  for  accumulation 
of  dirt  and  dust 

A  remedy  may  be  found  for  all  this  by  carefully  cleaning  out  all  l^e  dost 
spaces  I  have  referred  to,  and  by  stopping  them  in  with  good  oil  putty,  and  then 

painting  in  four  or  five  coats  of  paint,  or  staining,  and  wax-polishing  the  whole 
surface  of  the  floors..  By  these  means  they  will  be  made  much  less  pervious  to  dust, 
and  there  will  he  no  spaces  left  for  its  gradual  accumulation ;  the  dirt  and  dust 
will  be  much  more  readily  seen  on  its  surface,  whether  painted  or  polished,  and  the 
floors  generally  will  be  much  more  readily  cleaned. 

Thin  oak  parquet  may  be  laid  all  round,  or  even  all  over  the  floors,  where 

expense  is  no  object,  and  in  this  a  perfectly  impervious  and  easily-cleaned  surface 
may  be  obtained,  which  in  itself  will  naturally  be  more  lasting  than  pamt  or 
varnish,  and  will  not  require  renewal  for  many  years.  I  believe  this  can  now  be 
laid  down  for  about  sixpence  to  eightpence  per  foot  super.  On  these  painted  or 
polished  surfaces,  square  carpets,  rugs,  or  matting  can  be  laid,  the  borders  being  left 
clear,  so  as  to  form  a  pleasant  contrast.  The  saving  of  cost  would  be  considerable 

in  all  this  kind  of  treatment  of  floor-surfaces,  and  the  result  infinitely  more  artistic 
and  healthy. 

It  has  been  objected  that  rugs  laid  loosely  on  a  painted  or  polished  surface  are 
likely  to  be  dangerous  to  walk  upon,  and  to  slip  from  the  feet :  in  answer  to  this,  I 
can  only  say  that  I  have  used  them  for  fifteen  or  more  years,  and  have  found 
no  inconvenience,  and  if  the  objection  were  a  fair  or  reasonable  one,  it  could 
easily  be  remedied  by  pinning  the  rugs  down  with  half  a  dozen  lai^  brass 
carpet  pins,  which  could  be  taken  out  without  trouble  when  the  carpets  or  rugs  are 
taken  up  for  cleaning  purposes. 

We  all  know  the  amount  of  filth  and  dirt  which  is  knocked  out  of  a  carpet 

at  any  of  the  so-called  house-cleanings,  and  even  if  the  carpet  be  in  slips,  or  made 
in  some  fashion  so  as  to  be  readily  taken  up  and  shaken  once  a  week,  it  is  quite 
impossible  to  get  rid  entirely  of  the  dirt  and  dust  which  gradually  saturate  all 

woven  fabrics,  or  which  cling  to  their  rough  and  fluffy  surfaces.  In  the  bed-rooms, 
therefore,  all  such  floor-coverings  would  seem  to  be  especially  unhealthy,  and  it  is 
but  natural  to  suppose  that  these  soft  and  porous  sur&ces  easily  receive  and  retain 

matters  which,  if  not  absolutely  dangerous  to  health,  sve  advei-se  to  the  proper 
sanitary  condition  of  the  rooms. 

In  rooms  where  carpets  are,  as  it  is  called,  "fitted" — ^that  ia,  planned  to  the 
various  recesses  and  irregularities,  and  then  nailed  down — ^it  is  evident  that  for 
many  months  the  accumulation  of  dirt  and  dust  must  remain  undisturbed,  and 
the  mere  sweeping  and  brushing  of  the  surface  by  the  most  cleanly  servants  only 
raises  and  disturbs  the  evil  for  awhile. 

I  am  strongly  in  favour  of  substituting  good  Chinese  or  Indian  matting  for 

carpets  in  the  sleeping-rooms  of  a  house ;  as  they  must  manifestly  be  less  -liable  to 
collect  and  hold  the  dust  and  other  impurities  which  cling  to,  and  beoome  ingrained, 
80  to  speak,  in  the  woolly  texture  of  a  carpet,  and  which  cannot  be  entirely  got 
rid  of  even  with  the  periodical  shakings  and  beatings  to  which  they  are  from  time  to 
time  subjected. 

The  smoother  surface  of  the  matting  is  much  less  susceptible  of  receiving  all 
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this  dirt,  and  its  glazed  sur&ce  can  be  easily  cleaned  over  with  a  damp  cloth ; 
the  general  tone  of  colouring  is  pleasant  and  agreeable,  and  although  perhaps  colder, 
is  equally  as  soft  to  the  feet  as  carpet ;  it  neither  absorbs  dirt  nor  moisture  like 

a  woolly  fabric,  nor  does  it  admit  of  particles  of  dust  becoming  ingrained  in  it 
as  in  carpet,  while  it  can  readily  be  cleaned  every  day  with  a  little  soap  and 
water,  and  if  laid  down  in  strips  on  the  painted  or  varnished  floor,  can  be  lifted 

and  taken  up,  so  as  to  allow  of  the  whole  floor-surface  being  scrubbed  and 
washed  once  or  twice  a  week. 

The  thick  Chinese  matting,  which  is  cool  and  pleasant  to  the  feet,  is  made  of 

reeds,  and  in  its  natural  colour  is  of  a  soft  greenish- white,  pleasant  to  the  eye 

and  decorative  as  a  simple  covering  on  a  dark-painted  or  stained  floor.  I 
have  used  it  in  my  own  house,  and  so  far  as  I  can  judge,  it  does  not  get 
more  shabby  than  ordinary  carpet,  and  has  the  great  advantage  over  this 
material  of  being  easily  removed,  and  not  being  retentive  of  dirt  and  dust ; 
it  can  be  obtained  in  different  shades  of  colour,  red,  yellow,  green,  and  blue, 

the  various  tints  being  obtained  by  means  of  dyes  of  perfectly  harmless  character ; 

the  cost  varies  from  3&  6d.  a  square  yard,  and  it  is  thus  as  cheap,  if  not  cheaper, 
than  carpet.  In  its  manufacture  all  impurities  in  the  reeds  are  removed  in  the 

making,  the  matting,  after  being  woven,  being  dried  in  the  sun,  and  afterwards 
over  a  slow  fire ;  the  material  can  be  obtained  in  lengths  or  in  square  mats 

about  nine  feet  long  by  six  feet  wide,  or  larger,  so  that  there  is  no  difficulty  in 
adajiting  them  to  any  room  or  space. 

The  Manilla  matting  is  also  weU  adapted  for  floor-covering  where  there  is 
no  great  amount  of  traffic  or  wear ;  this  is  made  from  the  fibre  of  the  wild 
plantain,  and  is  a  kind  of  hemp ;  the  delicate  silky  quality  of  the  material  is 
peculiarly  adapted  to  receive  ail  kinds  of  dye,  and  many  of  the  specimens 
imported  into  this  country  are  very  decorative,  although,  unfortunately,  in  many 
instances,  the  influence  of  bad  design  is  apparent. 

Oil-cloth  and  linoleum  have  been  largely  used  for  floor-coverings  in  halls  and 
passages.  They  are  generally  utterly  bad  in  design,  being  made  with  patterns 
imitative  of  marble  or  tile  painting,  or  parquet  flooring,  and  when  laid  over  the  whole 
surface  of  wooden  floors  and  glued  down,  as  is  often  done,  tend  to  promote  dry 
rot  in  the  floors  by  hermetically  kee()ing  out  all  air  and  ventilation.  When  laid 

with  cement  or  other  material  so  as  to  fix  firmly  and  evenly  to  the  floor-surface, 
they  practically  destroy  it,  and  render  it  quite  unfit  for  any  future  painting  or 
staining. 

A  material  has  been  brought  out  called  '' Lincrusta,"  which  will  be  found 
oseful  for  wall  decoration,  more  especially  as  the  merit  of  keeping  back  damp 
in  walls  is  claimed  for  it ;  the  designs  are  generally  good  and  eflective,  and  in  the 

stamped  and  painted  specimens  I  have  seen,  have  been  delicately  and  artistically 

treated  in  colour,  whereby  a  pleasant  and  decorative  effect  is  produced ;  the  material 
is  weU  adapted  for  the  lining  of  walls  and  staircases  in  dados  and  panelling,  and 

oSers  none  of  the  objections  I  have  raised  to  its  use  for  floor-covering.  Linoleum 
may  safely  be  used  if  simply  laid  flat  over  the  central  portions  of  the  floor  and 
&5tened  down  with  pins,  but  it  should  on  no  account  be  laid  over  the  whole  surface, 

or  allowed  to  be  fixed  down  with  cement  In  many  instances  within  the  writer's 
knowledge  the  use  of  it  as  an  entire  covering  has  been  the  means  of  bringing  dry 
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rot  in  the  wooden  floors,  especiallj  in  those  in  which  the  ventilation  iindenie«th 
has  in  any  way  been  imperfect  or  insufficient  There  are  now  many  kinds  of  linoleum 
which  are  not  printed  in  patterns  suggestive  of  other  materials,  and  for  hall  covering 
where  a  laige  amount  of  wear  is  required  it  ia  perhaps  better  than  any  other 
material ;  but  great  care  should  be  taken  not  to  allow  the  workmen  to  cover  the 
whole  surface,  or  to  put  it  down  with  cement  or  other  viJtoous  compounds  usually 
employed 
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CHAPTER  XXXII. 

THE   WALLS   AMD   WALL-COVERINGS. 

UnarfciBiie  Character  of  a  Monotonous  Wall — ^Advantages  of  a  FHeze — Simplicity  of  Cornice — Painting 
— ^Pi^ring — Distempered  and  Painted  Walls. 

To  mj  mind  the  oovering  of  the  wall-surfaces  of  our  rooms  from  floor  to  ceiling 
with  one  hue  of  paint  or  paper,  no  matter  how  good  it  may  be  in  colour  or  pattern, 

Is  utterly  destructive  of  all  artistic  feeling.  We  are  made  dependent  upon  any- 
thing in  the  shape  of  pictures,  prints,  or  photographs  to  break  up  and  enliven  the 

dreary  sameness  of  the  cold  walls.  We  shut  ourselves 'up,  as  it  were,  in  a  box  with 
coloured  sides  and  a  whitened  top,  and  were  it  not  for  the  bits  of  life  given  by  the 
things  we  hang  on  the  sides,  we  might  almost  be  driven  mad  with  the  everlasting 
sameness  and  monotony,  whereas  all  this  can  so  easily  and  effectively  be  remedied 
by  the  adaptation  of  some  graceftd  design  of  coloured  decoration,  and  by  breaking 
up  the  flat  sor^Boes  into  two  or  more  spaces,  flUing  the  upper  space  with  some 

pleasant  decoration  in  stencil-work  of  festoons  of  flowers^  flgure-panels,  or  arabesques 
of  oonventioiial  character,  in  which  there  shall  be  at  least  some  semblance  of  bright 
and  artistic  colouring  and  drawing,  and  by  treating  the  lower  spaces  with  soft  and 

\varm  general  tints,  which  may  either  serve  for  a  back-ground  for  pictures  or 
drawings,  or  be  sufficiently  effective  and  harmonious  in  its  pattern  and  colouring  to 
do  without  either. 

In  ordinary  waU-surfaces  I  am  therefore  strongly  an  advocate  for  dividing  the 
space  between  the  skirting  and  the  ceiling  cornice,  not  only  as  adding  to  the 
general  size  and  picturesque  appearance  of  the  room,  but  as  being  more  artistic  and 
e&ctive.  Unless  the  ceiling  be. toned  in  colour,  the  efiect  of  one  tone  of  colouring 
on  the  wall-surfaces,  no  matter  how  good,  is  generally  monotonous,  and  makes  much 
too  abrupt  a  division  between  the  wall  and  the  white  mass  of  ceiling  overhead  ;  in 
many  cases  this  abruptness  is  sought  to*  be  broken  or  modified  by  elaborate 

toning  down,  and  what  is  called  "  picking  out "  of  the  generally  bad  plaster 
oomioes,  whereby  the  badly  disguised  and  moulded  ornament  is  made  moi-e 
pronounced,  at  a  great  expense  and  to  the  manifest  damage  of  the  artistic 
appearance  of  the  room. 

No  cornice  should  be  ̂ 'picked  out'^  as  it  is  called ;  if  the  ornament  be  especially 
i^  it  may  be  brought  into  relief,  like  Wedgwood  ware,  by  slightly  tinting  the  back- 
gnMind,  but  generally  it  will  be  found  undesirable  to  do  more  than  tone  down  the 

vhole  cornice  so  as  to  harmonise  with  the  wall-covering  and  blend  it,  as  it  were, 
uito  the  ceiling,  or  at  most  it  should  be  treated  with  two  or  three  colours  either 
bannonising  or  contrasting  distinctly  with  the  waJl-colouring.  The  fashion  of 

''picking  out"  the  cornice  enrichments  with  gold  and  many  colours  is  not  only 
offensive  to  the  eye  but  eminently  costly  and  artistically  objectionable;  it  is  not 
desirable  to  frame  the  mass  of  white  ceiling  with  strong  colour  and  gilt  lines,  so  as 
to  make  it  a  blank  picture  overhead,  nor,  to  my  mind,  is  it  in  good  taste  to  mark 
Btoigly  the  dividing-space  between  wall  and  ceiling.  The  general  tone  of  the 
oolonring  of  the  upper  portion  of  the  wall-surface  or  frieze  should  be  used  in  the 
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cornice  and  gi*adually  lightened  off  to  meet  the  mass  of  white  or  slightly  relieved 
surface  of  the  ceiling ;  strong  containing  lines  may  be  used  to  emphasise  or  mark 
the  junction  of  the  frieze  and  the  ceiling,  often  with  good  effect^  if  the  lines  be 

carried  also  on  to  the  flat  ceiling-space  so  as  to  avoid  too  abrupt  a  finish. 
It  is  quite  certain  that  pictures  hung  above  a  certain  height  on  the  wall  are  not 

only  disagreeable  to  look  at,  and  are  imperfectly  seen,  but  unpleasantly  crowd  the 
surface  ;  and  for  this  reason  also  I  advocate  the  divudon  of  the  wall  into  two  spaces, 
the  one  next  the  ceiling  being  made  as  a  broad  frieze  distempered  to  a  uniform  shade 

and- treated  with  good  figure  subjects  in  oil  or  stencil  decoration,  or  covered  with  a 

paper  of  some  "  all  over "  pattern  of  much  lighter  tone  than  the  general  wall- 
surface  or  lower  portion  of  the  room. 

These  spaces  should  be  divided  by  a  small  moulding,  from  which  the  pictures 
may  be  hung;  or  the  division  may  be  made  with  a  flat  wooden  rail,  two  or 
three  inches  wide  and  half  an  inch  thick,  and  finished  at  the  bottom  with  half  or 

three-quarter  inch  gas-piping  as  a  picture-rod ;  in  this  way  the  objectionable  lines 
of  wire  or  cord  hanging  down  from  the  top  of  the  room  will  be  avoided,  and  the 
taking  down  of  the  pictures  for  dusting  or  cleaning  be  made  much  more  easy  than 
when  hung  from  rods  placed  immediately  under  the  cornice,  and  so  high  that  they 
cannot  be  reached  except  by  the  aid  of  a  pair  of  steps.  I  would  here  venture  to 

protest  against  the  coa|*se  and  vulgar  character  of  most  picture-frames,  which  witli 
broad  top  surfaces  and  mass  of  unmeaning  and  generally  bad  plaster  ornament 
help  to  collect  dust  and  dirt,  which  rarely  gets  properly  cleaned  off.  If  the  enclosing 
frame  of  a  pictura  must  be  broad  and  massive,  I  cannot  see  why  it  should  not  be 

formed  of  some  weU-designed  moulding  with  the  top  sui*face  splayed  back  with  simple 
mouldings  towards  the  wall,  so  as  to  do  away  as  far  as  possible  with  a  large  dust- 
collecting  surface  at  the  top ;  nor  do  I  see  any  reason  why  the  frame  should  be  a 
mass  of  tinsel  gold,  which,  in  rooms  where  gas  is  used,  soon  becomes  tarnished  and 
dirty.  It  is  hopeless  to  discuss  the  manifold  evils  and  discomforts  which  arise  from 
the  filthy  gas  which  is  supplied  by  gas  companies  for  lighting  our  rooms ;  we  can 

only  trust  that  electric  lighting  may  ere  long  take  its  place- in  our  houses  and  in  our 

streets,  and  thus  once  and  for  all  get  rid  of  the  tei'iible  effects  arising  from  the 
present  system  of  lighting.  The  filthy  compound  which  is  supplied  to  us  nowadays 
not  only  tends  to  destroy  everything  in  our  rooms,  but  seriously  affects  our  health 
and  comfort,  engendering  heat  and  foulness  of  atmosphere,  which  no  amount  of 
ventilation  can  effectually  get  lid  of. 

The  proportion  which  the  upper  space  shall  bear  to  the  lower  must  of  course 

depend  upon  the  heights  of-  the  various  rooms,  but  there  will  be  no  difficulty  in 
determining  this  if  a  piece  of  wood  or  moulding  is  *^  offered  up  "  or  laid  along  the 
wall  surface  and  lowei-ed  or  luised  until  the  proper  proportion  of  the  division  is 
arrived  at  The  illustration  facing  the  preceding  page,  mainly  designed  to 
show  some  appropriate  furniture,  shows  the  usual  proportion  of  such  a  frieze. 
The  general  proportion  may,  as  a  rule,  be  taken  as  three  to  one  3  that  is  to  say, 

the  upper  space,  or  frieze,  including  the  cornice,  should  occupy  about  one-fourth  of 
the  whole  height  of  the  room.  In  dining-rooms,  where  the  chairs  are  generally* 
when  not  in  use,  placed  against  the  walls,  a  chair-rail  is  essentially  useful  to  protect 
the  walls  from  being  chipped  or  damaged.  This  can  be  made  to  help  the  decoration 

of  the  room  by  forming  what  is  called  a  '*  dado."    This  dado,  or  lower  spaoe^  should 
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be  painted  and  ▼anuahed,  so  as  to  be  easily  cleaued,  and  the  rail,  or  moulding, 
should  be  <^  sufficient  projection  to  keep  the  backs  of  the  chairs  from  touching  the 
walk.  As  a  further  protection,  a  small  angle  fillet  should  be  nailed  on  to  the 
floor  next  the  skirting,  to  keep  the  back  legs  from  scratching  or  chipping  the  painted 
skirting. 

The  methods  generally  employed  in  finishing  the  wall-surfi^ces  of  rooms  are 
painting,  papering,  and  distemper.  Without  discussing  here  which  is  the  better 
method  to  use,  it  is  well  to  remember  that  pi^r,  by  its  very  nature  and  material, 
is  naturally  more  absorbent  than  paint  or  distemper ;  holds  damp,  and  is  liable  to 
be  saturated  with  and  to  retain  moisture,  more  than  either  paint  or  distemper; 
so  naturally  to  a  certain  extent  increasing  the  unheal thiness  of  the  rooms.  Painty 
on  the  other  hand,  if  finished  in  the  ordinary  way,  has  an  unpleasant  glaze  or 
gloss,  which  shows  all  imperfections  on  the  wall,  and  by  its  non-absorbent  surface  is 
liable  to  .become  smeared,  and  to  show  readily  condensation  in  damp  weather,  if. 

used  for  wall-surfacea  As  a  background  for  pictures  it  should  be  '*  flatted,"  or 
finished  with  a  large  proportion  of  ̂'  turps.''  Distemper  is  liable  to  appear  damp 
in  wet  weather  by  absorbing  and  retaining  the  dampness  of  the  surrounding 
atmoBidiere,  and  to  become  spotty  in  appearance  ;  and  unless  a  house  is  thoroughly 

diy  and  kept  well  aired  the  distemper-work  is  liable  to  fly  and  dry  out  in  a  paUdiy 
manner,  which  gives  the  wall  an  uneven  and  disagreeable  appearance  ;  but  tliis,  as 
a  rule,  will  only  occur  when  the  rooms  are  shut  up  for  any  peiiod,  and  are 
insufficiently  aired.  It  is  hardly  necessary  to  say  that  both  distemper  and  paper 

are  likely  to  suflfer  materially  if  the  rooms  remain  for  any  length  of  time  un- 
inhabited, or  proper  attention  is  not  paid  to  the  warming  and  ventilation  of  the 

house  in  damp  weather.  For  ordinary  rooms,  therefore,  paper  is  more  cheerful  and 

warm  in  its  general  appearance,  and  more  suitable  than  paint  for  ordinary  wall- 
sorfaces  where  the  plaster-work  is  not  perfectly  true  and  smooth.  The  general  basis 
of  most  painted  surfaces  is  white  lead  paint,  which  may  perhaps  be  looked  upon  as 

the  best  protective  covering  to  wood  or  plaster-work  ;  when  exposed  to  the  fumes  of 
sulphur  compounds  such  as  are  evolved  from  decaying  vegetable  matter,  or  sewer 
emanations,  it  becomes  dark  and  causes  an  eruption  of  black  spots,  as  may  often  be 
noticed  in  the  external  painting  of  many  basement  storeys  in  town  houses.  Lead 
paint  is  coloured  by  the  addition  of  various  staining  or  colouring  pigments.  Great 
care  should  be  taken  in  its  use,  as  it  is  very  liable  to  be  absorbed  in  tlie  system 
through  the  pores  of  the  skin,  and  to  produce  a  kind  of  paralysis,  as  well  as  the 

cxkmplaint  generally  known  as  "  painters'  colic."  How  far  green  paint  is  injurious 
to  health  I  cannot  pretend  to  say,  nor  does  this  part  of  the  subject  enter  into 

the  scope  of  this  paper,  but  I  strongly  advise  the  use  of  compound  gi*eens,  such 
as  those  which  are  made  up  of  blue  and  yellow  pigments,  in  place  of  those 
which  are  produced  from  copper  and  arsenic,  and  which  although  said  to  be 

more  durable,  are  certainly  more  dangerous,  especially  when  used  in  waU-papers 
or  distemper ;  emerald-green  and  verdigris  are  especially  unsuitable  for  this 
reason.  There  are^  however,  so  many  almost  equally  good  greens  which  are  perfectly 
harmless,  and  so  many  ways  of  making  good  decorative  tints  of  this  shade  by 

the  mixing  of  various  other  colours,  that  it  is  not  to  be  supposed  that  green  is 
in  any  way  to  be  treated  as  a  forbidden  colour. 

It  is  not  part  of  the  purpose  of  this  article  to  enter  into  the  vexed  question  of 
23 
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arsenical  colouring ;  but  it  may  be  inentioiied  here  that  green  b  not  the  only  tint  in 

which  arsenical  colouring  is  to  be  feared.  I '  believe  that  lilac,  certain  shades  of 
blue,  pink,  and  French  grey  all  contain  arsenic  to  a  certain  extent,  although,  on  the 
other  hand,  all  good  manufacturers  nowadays  are  carelnl  to  avoid  the  use  €i  arsenic 

in  any  of  the  colouring-matter  of  their  papers,  whether  green  or  any  other  tint,  and 
in  selecting  from  the  ])atterns  of  any  good  well-known  firms,  and  indeed  from  thoee 
of  any  firstrdass  manufacturer,  the  customer  may  be  fairly  certain  that  this  most 
unhealthy  ingredient  forms  no  portion  of  the  colouring-matter  in  the  papers  offered 
for  his  selection.  This  dangerous  pigment  is,  I  believe,  now  generally  discarded 
by  every  good  manufiicturer,  and  the  soft  greens  and  blues  which  form  some  of 
the  most  artistic  paper  coverings  of  the  present  day  may  fairly  be  said  to  be  entirely 
free  from  it.  This  matter,  however,  will  be  more  fuUy  dealt  with  in.  a  subsequent 
chapter. 

In  all  decoration  great  care  is  necessary  in  the  proper  selection  and  mixing  of 
the  various  ingredients  in  accordance  with  the  nature  of  the  material  to  l« 

covered,  and  the  general  appearance  required  in  the  work  when  completed. 
Delicate  tints  require  colourless  oil,  while  flatted  surfaces  must  have  no  oil  at. 
all,  or  it  will  give  an  unpleasant  sheen  or  gloss.  In  all  good  outside  work  boiled 
oil  should  be  used,  as  it  weathers  better  than  raw  oil;  and  turps  or  turpentine 
should  be  avoided  as  much  as  possible,  as  it  evaporates  and  does  not  last,  although 
a  little  is  necessary  to  prevent  the  paint  blistering. 

All  internal  woodwork  should  be  treated  in  flat  tones  of  colour  and  varnished ; 

the  surface  thus  treated  is  easily  cleaned  and  wears  much  better  than  when 

left,  as  is  usually  the  case,  unvarnished.  It  is  essential  for  health's  sake  to 
carefully  consider  all  these  points;  a  little  extra  expense  in  varnishing  the 

painted  surflEuxM  of  doors,  shutters,  and  the  general  joiner's  work  in  a  room  will 
make  the  house  much  more  healthy,  and  by  the  protective  quality  of  the  vaniish 
save  in  the  long  run  much  labour  and  expense  in  re-painting. 

Paper  must  necessarily  be  used  for  the  ordinary  covering  of  wallHsurEaces,  as 
being  the  most  inexpensive  manner  of  decoration  which  we  have,  and  some  of  the 
patterns  now  made  are  highly  artistic  and  good  in  design  and  colouring,  and  are 
offered  to  the  public  at  a  very  small  cost  It  depends  upon  the  chooser  whether  the 
wall-surface  shall  show  a  mass  of  meaningless  and  vulgar  ornament,  or  whether  it 
shall  be  pleasant  in  design  and  colouring. 

As  a  rule,  the  most  inexpensive  papers  are  the  best — quiet  in  colouring,  gene- 
rally good  in  design,  and  free  from  glaring  patterns  or  spottiness  of  treatment 

For  three  or  four  shillings  per  piece  it  is  possible  to  select  a  paper  which  shall  not 

only  be  in  itself  pleasant  and  artistic  in  colour,  but  suitable  in  eveiy  way  as  a  back- 
ground for  prints  or  pictures,  lighting  up  well  by  day  and  nighty  and  sufflcientlj 

good  in  texture  and  quality  to  last  for  years. 

Most  of  these  papers  can  be  cleansed  easily  with  bread-crumb,  and  offer  no  surface 
projection  for  the  lodgment  of  dust. 

Many  of  the  flock  papers  now  made  are  especially  beautiful  in  design,  but  thej 

are,  to  my  mind,  quite  unfitted  for  the  wall-surfaces  of  a  room.  The  patterns  stand 
out  in  relief,  and  offer  innumerable  spaces  for  dust  and  dirt,  while  the  general 
fluffy  nature  of  the  material,  practically  powdered  wool,  renders  it  more  absorbent 
and  therefore  more  unhealthy,  and  the  sur&oe  holds  dust  and  dirt  to  a  much  larger 
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d^ree  than  the  ordinary  printed  papersj  thus  tending  to  a  stxiffy  and  unwholesome 
feeling,  which  is  essentiaUj  at  variance  with  all  laws  of  health  and  comfort  Stamped 
})apers,  in  which  the  pattern  is  raised  in  relief,  offer  the  same  objections  in  a  minor 
d^ree^  as  the  surface  is  smooth  and  can  be  readily  cleansed ;  and  in  the  case  of  the 
imitation  leather  papers,  the  surface  is  varnished,  and  can  be  recMlily  gone  over  with 
a  damp  cloth  without  injury.  These  papers  can  be  weU  used  for  the  dados  of  rooms 
or  for  frieze  decoration,  and  as  such  are  exceedingly  effective,  although,  of  course, 
from  the  very  nature  of  the  manufacture,  much  more  expensive  than  plain  painting 
and  varnishing. 

In  bath-rooms  and  water-closets  it  is  most  desirable  that  the  wall-surface  shall  be 

as  non-absorbent  as  possible,  and  paper,  unless  varnished  over,  should  generally  be 
avoided,  and  when  used  should  be  of  Qome  plain,  simple  pattern,  and  not  a  bad 
imitation  of  tiles  or  marble.  The  best  kind  of  covering  for  all  these  places  is  plain 
Imff  or  grey  glassed  tiling,  which  can  be  put  up  at  moderate  cost,  and  by  its  general 
cleanliness  and  non-absorbent  quality  adds  materially  to  the  comfort  and  cleanliness 
of  the  house. 

To  my  mind  it  is  very  undesirable  to  choose  papers  which  are  very  "pronounced*' 
in  colour  or  design,  and  extravagant  in  price,  as  for  a  few  shillings  per  piece  good 

decorative  and  well-designed  papers  can  be  obtained,  and  can  be  easily  renewed' 
at  small  cost,  when  the  more  extravagant  paper  would  practically  prevent,  on  the 

score  of  expense,  any  change.  I  have  before  me  as  I  write  a  pattern-book  of 
exceedingly  well-designed  papers,  all  printed  in  two  shades  of  pleasant  colouring — 
light  grounds  with  darker-toned  pattern,  suitable  for  almost  any  room,  and  well 
adapts  as  backgrounds  for  pictures,  all  varying  in  price  from  one  shilling  to  three 
!»hilliugs  a  piece. 

There  are  now  so  many  good  paper-hangings  made  at  a  moderate  price,  that 
the  selection  of  a  really  good  artistic  paper,  good  in  general  tone,  design,  and 
colour,  is  no  longer  a  difficult  task ;  the  designs  are  for  the  most  part  good  and 
well  drawn,  and  the  colouring  harmonious  and  pleasing ;  in  some  of  the  designs 
there  is  a  striving  after  quaintness,  eccentricity,  and  a  spottiness  of  colouring,  to 
be  avoided. 

Papen.  in  patterns,  in  books  or  in  small  pieces,  look  very  diffet^nt  when  hung, 
in  mass  upon  the  walls,  and  great  care  therefore  is  necessary  in  their  selection. 
It  is  well  to  first  of  all  select  two  or  three  patterns  which  seem  the  most 
suitable  for  the  particular  rooms  in  which  the  papers  are  to  be  hung,  and  then 

to  get  ''pieces"  or  long  lengths  of  each,  and  have  them  tacked  on  to  the  wall  so 
that  the  effect  and  general  tone  may  be  seen  in  day  and  gas-light;  for  many 
])apers  that  look  well  in  the  day-time  are  anything  but  pleasant  at  night,  while 
some  of  the  darker-toned  papers  absorb  so  much  light,  that  when  hung  it  may 
be  found  that  the  lighting  arrangement  in  the  room  is  altogether  insufficienti 

A  good-proportioned  and  otherwise  well-designed  room  is  often  absolutely 
nuned  by  the  bad  taste  shown  in  the  wall-covering,  for  which  there  can  now 
be  no  possible  excuse.  A  paper  which  may  be  hung  in  a  dining-room  is  generally 

quite  unsuitable  for  a  drawing-room  or  a  lady's  boudoir;  in  the  one  a  quiet 
dark  tone  of  paper  is  required  as  a  back-ground  for  prints  or  pictures,  while  in 
the  drawing-room  the  wall-covering  may  be  much  more  decorative  in  its  treatment, 
80  as  to  help  the  general  deooratiaQ  of  the  room.     As  a  rule  it  is  better  to  paint 
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than  paper  the  walls  of  a  dining-room,  the  leM  abeorbent  qualities  of  a  painted  wall 

being  better  for  a  room  in  which  the  fumes  of  dinner  are  likely  to  ding  and  last 

longer  when  the  walls  are  papered ;  if,  however,  the  walls  be  painted  they  should  be 

finished  with  a  flatting  coat,  so  as  to  take  off  the  gloss  which  I  have  before  described. 

I  may  here  mention  that  a  good  deal  of  illness  often  anaes  from  the  bad 

nature  of  the  sixe  and  paste  with  which  the  ordinary  wall-papers  are  hung,  and 

great  care  should  be  taken  that  no  such  inferior  and  practically  stinking  matenals 
are  allowed. 

M.  Vallin  in  the  Revus  d^Hygiene  reports  an  instance  of  the  danger  of 

this  use  of  putrid  size  and  paste.  '^  A  lady,  who  from  time  to  time  came  to 
supervise  the  decoration  of  her  houses,  was  three  times  successively  seized  with 

violent  sickness  and  headache,  after  sleeping  in  a  newly-pa[  red  room.  M.  Yallm 

was  struck  with  tlie  putrefactive  odour  wliidi  pervaded  the  atmosphere,  and  after 

examining  into  the  matter,  came  to  the  conclusion  that  it  proceeded  from  the  wall. 

It  was  found  that  a  horrible  putrefactive  odour  proceeded  from  the  size-pot,  with 

which  the  paper-hanger,  in  the  next  room,  was  continuing  to  hang  the  wall-pi^rs, 
and  that  his  size  was  in  a  state  of  putrefactive  change.  On  making  further 

inquiries,  various  other  cases  have  come  under  his  notice  in  which  illness  has 

palpably  been  produced  by  the  use,  by  paper-hangers,  of  size  and  paste  undergoing 

or  speedily  entering  on  septic  change ;  and  it  is  extremely  desirable  that  this 

should  be  borne  in  mind,  and  if  necessary,  a  little  oil  of  cloves,  salicylic  acid,  or 

some  other  anti- septic  agent  should  be  added  to  the  material  which  they  use  for 

this  purpose,  or,  at  any  rate,  care  should  be  taken  to  avoid  those  disagreeable  con- 

sequences of  carelessneiss,  which  is  only  too  common." 

It  is  h:j-dly  necessary  to  point  out  how  requisite,  for  health's  sake,  it  is  that 
every  bit  of  old  paper  should  be  cleaned  off  the  wall  before  any  new  paper  is 
put  on ;  as  not  only  does  the  paste  of  the  old  papering  often  decompose,  and  become 
in  itself  injurious  to  health,  but  each  covering  of  paper  only  adds  to  the  absorbent 
nature  of  the  walls,  and  helps  to  increase  therefore  the  unhealthiness  and  stuffiness  of 
the  room. 

Before  any  new  papering  is  put  on,  the  walls  should  be  thoroughly  scraped 
and  washed  down,  to  free  them  from  the  old  paper  and  paste,  and  then  be 
coated  with  size  before  the  new  paper  is  put  on.  There  are  various  kinds  of 

papers  now  manufactured  which  are  said  to  be  easily  washable  and  to  be  non- 
absorbent,  and  thus  to  resist  the  contagion  of  infectious  disorders,  but  I  should 

imagine  that  it  would  scarcely  be  safe  to  trust  to  the  ?um-absorbent  qualities  of 
any  paper-hanging,  and  that  after  a  case  of  infectious  disease  the  walls,  ceilings,  and 
paint  should  be  thoroughly  cleaned  and  renewed. 

Various  papers  are  specially  susceptible  of  damp,  and  should  be  avoided 
as  much  as  possible.  Amongst  these  are  what  are  called  satin  papers,  or  those 
which  have  a  glazed  or  poHshed  surface  like  the  French  imitation  satin  or  moir^ 
silk  papers ;  these  are  to  my  mind  not  only  undesirable  for  this  cause,  but  also  on 
the  ground  of  good  taste  and  good  art ;  equally  with  those  papers  which  are  made 

in  imitation  of  willow-pattern  plates,  tiles,  or  marble ;  for  when  reaUy  good  deco- 
ration, or  plain  pattern  papers,  suited  to  every  taste,  can  be  obtained  at  moderate 

cost,  there  is  sui-ely  no  reason  for  encouraging  shams  of  any  kind  either  in  wall 
decoration  or  painting. 
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There  is  a  wall-covering  manufactared  consisting  of  a  mixture  of  linseed  oil  and 
fibre,  on  which  the  ornamentation  is  stamped  by  machinery  in  low  relief,  suggestive 

of  stamped  leather-work,  and  sufficiently  low  in  relief  as  not  to  offer  any  great 
amount  of  raised  surface  for  the  lodgment  of  dust.  As  practically  it  consists  of  a 

thick  fabric  of  oxidised  oil,  it  may  fairly  be  said  to  be  damp-resisting  and  lading ; 
and  when  painted  it  forms  an  excellent  covering  for  the  wall-surface  of  a  hall  oi 
staircase,  as  from  the  nature  of  its  composition  it  is  less  likely  to  be  damaged  than 
paint)  paper,  or  other  hard  surface,  being  to  a  certain  extent  elastic,  and  therefore  not 
likely  to  be  damaged  by  the  blows  or  other  accidents  incidental  to  the  moving  of 
boxes  and  furniture  in  the  highways  of  a  house. 

I  cannot  advocate  too  strongly  the  greater  use  of  distemper  colouring  for  the 

walls  of  nurseries  and  bed-rooms,  where  for  health's  sake  the  wall-oovenug  should 
be  changed  as  frequently  as  possible,  for  with  the  greatest  amount  of  care  and 
cleanliness  it  must  be  evident  that  the  absorbent  nature  of  paper  must  necessarily 
eauae  it  to  retain  a  certain  proportion  of  the  deleterious  atmosphere  which 
cannot  well  be  avoided  in  ordinary  rooms  where  no  special  provision  is  made 
for  the  ingress  of  fresh  and  the  egress  of  foul  air. 

Bed-rooms  especially  become  tainted  after  a  time  by  the  impure  air  which  Ls 
engendered  during  the  long  hours  of  night,  when  the  rooms  are  closely  shut  up, 
and  in  times  of  iDness;  and  there  is  no  really  effective  way  of  getting  rid  of 

this  tinted  and  unwholesome  smell  except  by  changing  the  wall-covering  aa 
frequently  as  possible,  certainly  at  least  once  in  every  two  years;  distemper, 
therefore,  for  all  such  rooms  becomes  invaluable,  for  it  can  be  washed  off  and 
redone  in  a  few  hours  at  a  comparatively  small  expense,  and  the  colouring  may 
be  as  bright  and  cheerful  as  desired ;  the  walls  thus  treated  are  not  only  much 
more  healthy,  but,  to  my  mind,  infinitely  better  than  when  painted  or  papered, 
l)eing  free  from  any  specific  pattern  and  spottiness,  which  have  anything  but 

a  aooQdng  tendency  to  those  who  may  be  suffering  from  illness  or  over-fatigue  and 
taxalion  of  the  brain ;  uid  although  the  pigments  used  in  the  various  colours  are 

practically  the  same  .as  those  used  for  paints,  the  coloiuing-matter  is  much  le^,  and 
oommon  whiting  is  used  as  a  basis  instead  of  white  lead  or  zinc  white. 

Hie  basement  should  on  no  account  have  paper  in  any  of  the  rooms,  as  it  is 
obvious  that  the  surface  of  the  walls  should  be  frequently  washed  down  and  cleaned 

of  an  impurities.  This  can  be  done  at  a  comparatively  small  cost  if  distemper 
colouring  be  used ;  and  the  kitchen  and  offices  in  which  our  servants  necessaiily 
•spend  80  large  a  portion  of  their  time  may  thus  be  made  cheerfid,  bright^  and  healthy. 
All  woodwork  throughout  the  house  should  be  varnished,  so  as  to  be  readily  cleaned 

with  a  damp  cloth  without  damage  to  the  paint. 
The  wall-spaces  of  rooms  thus  treated  can  be  divided  as  suggested  for  papered 

walls,  and  two  oolours  or  two  different  shades  of  colour  used  for  the  upper  and 
lower  spaces,  by  which  a  pleasant  and  artistic  effect  may  be  obtained ;  ornament 

may  be  easily  added  in  stencil-work  or  simple  lines.  The  accompanying  illustra- 
tion exhibits  the  effect,  though  chiefly  designed  to  show  the  plan  of  the  wardrobe, 

with  top  cupboards,  as  explained  further  on.  Too  great  care  cannot  be  taken  in  the 
selection  of  colours,  whether  in  paint,  paper,  or  distemper,  so  that  they  be  pleasant 
and  harmonious,  not  glaring  and  vulgar,  and  with  no  startling  contrasts  or  effects, 
which  are  offensive  to  the  eya 
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CHAPTER  XXXni. 

FURNITURE   AND   FURNISHING. 

HpecUlIy  designed  Fninitnre — May  be  Oheup — How  to  Fnmiah  »  Dining-room— Bed-room  Famiture — 
Evik  of  Flat  Tope  to  Wardrobee— Truthfuhieee  v.  Sham— Minor  Fitting!. 

In  furnishing  a  house,  it  is  well  to  consider  beforehand  whether  the  recesses  and 

window-spaces  cannot  be  utilised  for  ottomans  or  hanging  cupboards,  and  so  save 
lumbering  or  overcrowding  the  rooms  with  expensive  movable  fittings,  more  or  less 
ill  adapted  for  their  purposes  ;  and,  under  all  circumstances,  the  larger  items  of 
furniture  will  be  found  much  more  useful  and  satisfactory  if  they  are  made  specially 
to  suit  individual  requirements. 

To  quote  a  common-sense  and  practical  article  from  BUukwooiTa  Magazine  on 

"  The  Arts  in  the  Household,"  by  Mr.  Beavington  Atkinson,  a  gentleman  who  has 
done  much  to  foster  and  promote  the  more  general  use  of  artistic  culture  in  every- 

day life  : — **  In  a  house,  as  in  a  picture,  above  all  things  shun  crowded  medleys  of 
mediocre  or  common  forms  as  you  would  the  unkempt  rabble  of  democracy.  Strive 
against  scattered,  small,  trivial,  and  frivolous  effecta  Even  a  mantelpiece  may, 
by  its  purposeless  and  silly  baubles,  bespeak  a  childish  intellect ;  each  portion  of  a 
house  should,  as  far  as  may  be,  receive  the  study  due  to  each  compcment  part 

in  a  deliberate  pictorial  composition.  In  fine,  the  whole  problem  of"  (decoration 
and)  "  furnishing  may  be  summed  up  in  the  three  words — ^form,  colour,  composition 

— terms  known  by  every  painter  to  comprise  the  whole  world  of  art."  The  writer 
completes  his  article  by  insisting,  as  I  do,  "that  domestic  arts  of  decoration 
however  multiplied,  scattered,  or  disordered,  are  not  many  arts,  but  one  art  united 
under  common  principles,  and  governed  by  broad  generic  laws ;  and  finally,  that 
the  problem  of  how  best  to  decorate  and  furnish  a  dwelling,  finds  a  solution  in  the 
application  to  domestic  uses  of  the  few  fundamental  principles  which  preside  over 

the  master-arts  of  architecture,  sculpture,  and  painting." 
The  different  sketches  which  illustrate  this  article  represent  various  pieces  of 

fiimiture  specially  designed  for  special  purposes,  some  of  them  combining  different 
articles  of  ordinaiy  furniture,  so  as  to  be  useful  for  several  purposes.  The  full- 
page  illustrations  show  suggestions  for  fitting  up  a  small  dining-room,  where  the 
usual  lumbering  sideboard  would  occupy  too  much  space;  for  a  small  buffet, 
with  bookcase  and  top  cupboards  for  papers,  and  for  a  large  wardrobe,  combining 
with  it  drawers  and  boot  cupboard.  The  vignette  drawings  show  suggestive  designs 
for  various  small  pieces  of  furniture,  which  can  be  adapted  for  almost  any  purpose* 
They  have  all  been  made  for  me  by  an  eminent  firm,  in  good  sound  deal,  painted,  to 
show  that  simple  and  useful  designs  can  be  worked  out  in  an  inexpensive  manner, 
and  that  it  is  not  necessary  that  specially  designed  furniture  need  in  any  way  be 
costly.  One  of  the  small  sketches  shows  a  hanging  cupboard  specially  designed  for 

bed-room  purposes.  The  drawers  and  cupboards  are  intended  for  medicine  bottle;^ 
and  thei  other  desiderata  which  no  good  housewife  is  ever  without,  the  shelf  for 
books,  and  the  whole  is  suggested  to  be  hung  on  the  wall  near  to  the  head  of 

the  bed,  with  a  simple  writing-table  under,  an  obvious  requirement  in  most  houses 
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where,  to  a  cert&in  extent,  the  bed-room  is  made  a  sitting  or  private  retiring  room. 
The  small  in&ntelpip«e  and  grate  were  designed  by  me  as  cheap  substitutes  for  the 

Tolgar  and  commonplace  box  mantels  and  register  Btoves  usually  provided  in  the 

HmnLriEcK  nm  Outi. 

inferior  rooms  of  a  house.  The  grate  costs  from  thirty  to  forty  shillings,  according 

to  its  sizfi,  and  tiie  mantelpiece,  with  tiles  and  marble  complete,  under  five  pounds. 

The  grate  has  fire-lump  sides  and  back,  the  latter  mode  at  an  angle  to  throw  as 
much  heat  into  the  room  as  possible,  and  to  secure  at  the  same  time  a  good  upward 

ciWTEnt  to  prevent  smoky  chimneys.  The  grate  is  so  far  succesafal  that  it 

uxompliahes  both  tbeee  objects.     The  mantelpiece  is  made  in  various  woods,  and  to 
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mj  mind  is  a  pleasanter  and  more  artistic  object  in  a  room  than  the  usual  boxed 
marble  abomination,  with  its  sham  trusses  and  false  and  flimsy  construction. 

If,  instead  of  the  usual  haste  with  which  most  people  rush  at  furnishing  or 
decorating  their  houses,  seeking  to  choose  in  a  few  hours  the  whole  of  the  fittings 
for  the  various  rooms,  a  little  more  thought  and  care  were  to  be  bestowed  on  the 
selection  of  the  various  pieces  of  furniture,  and  as  to  their  adaptability  and  fitness 
for  their  special  purposes,  there  would  be  less  useless  lumber  in  our  houses,  and 
more  comfort  and  artistic  character  in  the  fittings ;  for  I  hold  that  every  piece  of 
furniture  not  intended  simply  for  ornament  should  be  arranged  for  its  special  use, 
adaptable,  of  course,  for  various  purposes,  but  fitted  and  planned  as  far  as  practi(s 
able  to  the  walls,  spaces,  and  sizes  of  the  room  it  is  to  occupy. 

I  have  been  told  that  all  this  kind  of  advice  and  argument  is  absurd;  that  when 
people  want  to  furnish,  they  have  no  time  to  wait  for  designed  furniture,  but  must 

get  everything  done  as  rapidly,  as  possible,  and  the  house  put  in  order  for  occupa- 
tion ;  that  it  is  better  to  buy  the  usual  sets  of  dining  or  bed-room  furniture,  no 

matter  how  ill-siuted  they  may  be  for  the  rooms  they  are  to  occupy,  than  think 
carefully  first  of  all  as  to  the  special  purposes  for  which  they  may  be  requir»li 
so  long  as  they  can  be  bought  out  of  hand. 

A  vast  amount  of  utterly  useless  lumber  is  crowded  into  rooms  without  any 

regard  to  its  use  or  appropriateness,  flimsily-made  chairs  hardly  fit  to  bear  the 
weight  of  a  child,  gimcrack  tables  quite  unfitted  to  carry  any  weight,  useless 

cabinets  vrith  circular  comers,  enclosed  with  glass  to  the  floor-level,  as  if  anything 
worth  seeing  would  be  put  to  be  seen  at  the  level  of  our  feet,  and  a  mass  of 

trashy  ornaments  of  inartistic  and  common-place  character,  bought  seemingly  to 
fill  up  the  cabinets  or  to  decorate  the  mantel-shelves.  Many  pounds  are  wasted 
in  trash  of  this  kind  where  the  same  money  would,  if  properly  expended,  buy 
some  really  useful  or  artistic  piece  of  furniture.  But  if  our  houses  are  to  be 

treated  as  shops,  and  to  be  "stocked"  complete  before  being  opened,  it  can 
hardly  be  exjiected  that  there  will  not  be  a  large  amount  of  utterly  useless  and 
inartistic  rubbish  brought  into  them. 

Common  thought  and  common  sense  do  not  seem  to  be  necessary  elements 
in  buying  furniture,  as  they  are  in  other  matters  connected  with  daily  life,  and 
the  result  is  too  often  the  filling  of  our  homes  with  fittings  which  may  look  well 

enough  in  a  show-room,  but  which,  when  we  get  them  home,  are  found  to  be  moi-e 
or  less  unsuitable  and  incongruoua 

A  good  many  people  buy  ready-made  clothing,  and  I  dare  say  some  of  them 
get  tolerably  well  fitted,  but  I  fancy  most  sensible  people  choose  their  own  cloth 
and  colours,  and  have  their  clothing  made  to  suit  them,  and  adapted  for  particular 
seasons  and  purposes ;  why  not  apply  the  same  common  sense  and  taste  to  the 
furnishing  of  a  house  ]  It  is  all  very  well  to  say  that  almost  any  kind  and  character 
of  fittings  can  be  bought  nowadays,  but  so  far  as  my  experience  goes,  most  of  the 

furniture  offered  to  us  is  made  after  some  particular  fashion,  good,  bad,  or  indif- 
ferent, without  reference  to  its  suitability  for  the  place  each  piece  may  have  to 

occupy,  with  all  kinds  of  expensive,  and  utterly  unnecessary  "  trimmings  "  in  the 
shape  of  carving,  notching,  or  constructed  ornament,  and  without  regard  or  thought 

as  to  its  providing  inaccessible  ledges  and  resting-places  for  dirt  and  filth  of  all 
sorts. 

\ 
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Any  one  about  to  furnish  is  obliged,  as  a  rule,  to  buy  the  goods  that  may  be  in 

stock,  and  to  make  the  best  of  them,  without  reference  to  their  suitability  for-  any 
special  requirements,  and  the  result  of  all  this  is  that  most  modem  rooms  are  veiy 
much  alike,  except  that  perhaps  there  may  be  some  distinctive  difference  in  the 
design  and  elaborateness  of  the  furniture,  according  to  the  means  and  taste  of 

the  purchaser :  a  dining-room  is  fitted  up  with  the  usual  ceni^re  table,  a  dozen*  or 
luoi^  chairs,  and  a  wall  buffet  or  sideboard  fitted  with  the  usual  cellarBt,  trays,  and 

ttlielves :  the  drawing-room  with  yarious  cabinets  with  elaborate  inlays  and  glass 
doors,  cut  and  crossed  by  innumerable  bars,  so  as  to  prevent  the  objects  of  art 
inside  being  properly  seen,  or  perhaps  fitted  with  shelves  fixed  at  set  heights,  but 
very  inconvenient  for  the  objects  they  are  to  receive,  too  narrow  or  too  wide,  too 

high  or  not  high  enough :  in  fact,  ready -nuide  clothiiig  for  houseliold  gods,  and,  like 
most  ready-made  clothing,  very  often  exceedingly  ill-fitting,  and  unsuitable  for  the 
wearers.  It  may  be  urged  that  many  people  do  not  know  exactly  what  they  do 
want,  and  are  dependent  more  or  less  on  the  upholsterer,  or,  again,  that  they  want 

to  see  specimens  of  furniture  "  of  sorts  "  from  which  to  make  a  selection ;  that,  in 
fact,  they  do  not  know,  except  in  a  very  general  way,  what  they  really  want,  and 
therefore  are  unable  to  give  any  idea  of  their  special  requirements.  In  admitting  all 

this,  I  can  only  urge  the  necessity  of  a  higher  art-training  for  the  workmen  and 
manufacturers,  so  that  the  goods  they  offer  may  be  more  simple,  more  suitable,  and 
more  artistic. 

In  all  f umitui-e,  comfort  and  use  should  be  the  first  elements  in  its  design ; 
thejie  being  given,  it  should  be  just  as  easy  to  make  everything  about  a  house 
plessant  and  artistic  in  form  and  design,  as  inartbtic  and  ugly;  a  chair,  for 
instance,  to  be  oomfotfcable  should  have  ample  support  for  the  back,  and  be  free 
from  all  carving  and  other  excrescences,  which  not  only  make  it  imoomfortable, 
but  add  considerably  to  its  cost;  the  seats  should  not  be  covered  with  velvet  and 

other  stufis,  which  hold  dirt  and  ''drag''  the  dresses  of  the  sitters;  the  legs 
should  be  strong,  not  twisted  or  curled,  or  cut  cross-grain,  so  as  to  be  easily 
breakable ;  couches  should  be  made  easy  and  comfortable  resting-places,  not  made  so 
as  to  offer  all  kinds  of  angularities  and  unpleasant  projections. 

Tables  should  be  so  made  that  the  legs  do  not  stand  out  and  catch  the  knees 

of  those  seated  opposite  to  them ;  buffets  may  be  so  designed  as  to  answer  for 
all  kinds  of  purposes,  in  addition  to  the  ordinary  dining-room  requirements,  with 
drawers  for  prints  and  engravings,  shelves  for  books,  cases  for  china  or  silver, 
and  cupboards  for  cigars  or  tobacco,  and  be  so  designed  as  to  fonn  a  portion  of  the 
decoration  of  the  room. 

The  ordinary  modem  sideboard  is  generally  a  very  useless  and  expensive  piece 
of  furniture,  answering,  it  is  true,  its  purpose  so  far  as  to  pix>vide  a  dresser  or 
Hirving-table,  with  flanking  cupboards  for  wine  and  other  dining-room  parapher- 

nalia ;  but  of  what  possible  use  or  ornament  are  the  enormous  glasses  with  which 
these  sideboards  are  generally  fitted  9  Under  ordinary  circumstances,  unless  amply 
provided  with  lamps  or  candle-brackets,  they  do  not  even  light  up  the  room 
at  night,  while  they  form  objectionable  featui-es  in  the  wall-decoration  of  any 
room.  A  buffet  should  be  an  important  feature  in  any  dining-room,  and  shoidd  be 
designed  with  much  more  regard  for  its  pi'oper  use  in  ordinary  houses  than  it  would 
seem  to  be  at  present. 
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Let  us  take  an  ordinary  dining-room  of  the  larger  dass  of  the  oommunity  in  tliis 
country.  As  a  rule,  it  is  largely  used  as  a  sitting,  or  with  the  professiomd  man,  as 

a  oonsnlting-room ;  why  not,  therefore,  furnish  it  as  such,  instead  of  in  the  usasl 
stiff  and  vernacular  manner  1  In  most  .of  our  houses  the  existing  arrangement  of  a 

large  dining-table  takes  up  the  greater  portion  of  the  room,  leaving  but  little  space 
for  circulation.  The  sideboard  at  one  end  is  practically  useless,  except  for  stowing 

away  wine-decanters  and  cruet-stands,  with,  perhaps,  one  or  two  drawers  for 
napkins  and  plate.  Treat  the  walls  with  warm,  quiet  shades  of  brown  or  red,  with 

the  lower  dado,  of  say  three  feet  in  height,  varnished,  with  a  chair-rail  to  prevent 
the  chairs  chipping  the  paint,  and  the  frieze  painted  or  distempered  in  soft  yellow 
or  vellum-colour,  with  stencil  enrichment  in  red,  yellow,  and  greenish  blue,  or  wit^ 
panels  of  figure  decoration.  Instead  of  the  comparatively  useless  sideboard,  have  a 
good  solid  buffet)  that  will  answer  for  the  double  purpose  of  putting  away  books, 

drawings,  or  papers,  and  the  general  dining-room  use.  This  should  be  made  to  suit 
the  proportion  of  the  room,  and  if  designed  to  suit  the  different  requirements  of  the 
owner  of  the  house,  would  be  a  valuable,  instead  of,  as  it  usually  is,  a  lumbering 
addition  to  the  room.  A  circular  table,  four  feet  six  or  eight  inches  in  diameter, 
always  capable  of  dining  four  or  six  persons,  is  amply  sufficient  for  all  ordinary 

eating  purposes,  and  for  books,  papers,  and  work  at  other  times.  Such  a  tabic 
would  not  crowd  up  the  room,  or  take  away  from  its  comfort  and  convenience ; 

and  made  "  teleBcopic,''  with  as  many  leaves  as  may  be  required,  it  can  be  enlarged 
to  any  length  of  which  the  room  is  capable,  and  with  four  end  l^s  set  well  back, 
and  a  strong  central  support,  would  be  equally  strong,  open  or  shut.  If  made  of 
mahogany  ebonised,  it  can,  when  elongated  for  a  dinner  party,  be  partially  covered 

at  the  sides  only  with  "  slips,"  leaving  the  centre  black,  on  which  flowers,  silver,  or 
good  china  will  look  infinitely  better  than  on  the  white  clotL  The  contrast  wiU  be 
pleasant  to  the  eye,  and  the  general  effect  exceedingly  artistic.  Let  the  diairs  lie 
simple,  but  substantial  and  comfortable.  Let  the  floors  be  painted,  stained,  or 
parqueted  all  round,  say  two  feet  six  inches  from  the  wall,  and  the  centre  space 
covered  with  a  good  felt  or  Oriental  carpet,  warm  to  the  feet,  and  cheerful  to  look 

at.  A  small  i-ug  in  the  bay  window,  if  there  be  one,  with  a  simple  table — designed 
with  drawers  for  writing  purposes,  and  capable  of  being  used  as  a  side  or  carving- 
table — and  a  small  rug  opposite  the  fireplace,  of  some  good  warm  colour,  will  fumisli 

the  room.  Do  away  with  curtains,  which  only  retain  the  smell  of  food  and  tobacco- 
smoke,  and  make  the  room  stufiy  and  unwholesome,  besides  hiding  light  from  the 
pictures  and  engravings  on  the  walls.  The  mantelpiece  may  be  made  useful  as  a 
piece  of  furniture,  with  shelves  for  books,  and  cupboards  for  papers  or  china. 

The  bed-rooms  have  the  usual  chest  of  drawers,  made  so  deep  that  you  have  to 
turn  up  three  or  four  suits  before  you  arrive  at  the  one  you  want  to  use ;  or  too 
short  to  hold  shirts  and  other  belongings  when  folded,  or  else  so  long  as  to  leave 
portions  of  them  useless,  unless  they  are  packed  with  clothes  like  herrings  in  a 
barrel  Doubtless  many  of  these  set  pieces  of  furniture  can  be  made  generally 
adaptable  for  ordinary  requirements,  but  my  protest  against  them  is  that  they  are 
often  practically  unfitted  for  their  purpose,  and  wasteful  of  valuable  room.  But  if 

the  system  of  furnishing  a  house  with  ready-made  clothing  is  to  continue,  it  must, 
as  a  matter  of  course,  happen  that  many  persons  will  be  very  iU-fitted,  even  if 

a  few  get  exactly  what  they  want.     Instead  of  the  ordinary  chests  of  drawei*s, 
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which  for  ordinaiy  purposes  are  extremely  mconvenient,  we  might  just  as  well 

have  the  bed-room  receaaes  fitted  up  with  nests  of  useful  shelves  or  sliding  trays 

Duule  to  suit  the  various  requiremeats  of  our  wardrobes ;  wide  and  deep  to  hold 

fotiM  and  other  external  garments ;  narrow  and  shallow  for  under-clothing,  so  that 

"  suite  "  ne«d  not  be  piled  me  upon  another,  necessitating  unfolding  and  displace- 
ment of  those  which  are  packed  on  the  top  of  those  we  want  to  find ;  all  these 

A,  BrP-KOOM  IC1DICIRS4UI  Wm   W>ITI>a-TX*L>,  nc. 

coidd  be  enclosed  by  cupboard-doors,  clcee-fitting  and  rebated  to  keep  out  dust,  and 

"ould,  I  venture  to  think,  be  fouad  much  more  convenient  than  the  furniture  we 

lay  "ready-made." 
In  the  smaller  bed-rooms  of  a  house,  the  wall-surface  might  be  tinted  in 

<listem]>er  a  warm  grey  or  bluish  tint ;  the  woodwork  painted  a  dull  blue  or  dark 
gtty  and  varnished ;  the  floors  painted  all  over  and  varnished,  with  small  rugs  laid 

dowD  next  the  bed  and  the  dressing-table.  A  small  wasliing-stand  might  be  placed 

in  the  comer  of  the  room,  with  a  small  chest  of  di'awei's  welt  raised  off  the  floor,  so 

as  to  ̂ ow  of  its  being  used  as  a  writiug-table ;  the  mantelpiece  could  be  fitted  up  as 

a  dTHung-table,  with  central  glase,  and  cupboard  and  shelves  for  brushes  uid  OtJier 



352  OUR  U0IIK8. 

droasing  paraphernalia ;  the  bed  left  open  without  hangings  or  valences  of  sny 

kind ;  a  Boyle's  ventilator  in  the  chimney-breast,  and  small  apertures  for  fresh  air 
inlets  cut  in  the  sashes ;  and  in  this  way  we  should  have  a  healthy  and  comfortable 

chamber.  The  larger  bed-rooms  might  be  treated  in  a  similar  manner,  but  with 
specially-designed  wardrobes,  hanging  cupboards,  window-ottomans  for  bonnets  and 
boots,  large  dressing-table,  with  glass  down  to  the  floor,  swung  between  nests  of 

drawers  for  gloves,  jewellery,  and  the  other  requirements  of  a  lady's  room;  a 
medicine  cupboard  and  small  writing-table  next  the  bed,  and  a  couch  or  low  chair, 
so  that  the  room  may  be  used  as  a  private  sitting-room,  as  well  as  for  sleeping 
purposes,  the  same  principle  of  ventilation  being  carried  out  here  as  that  described 
for  tlie  smaller  room.  With  some  such  arrangement  as  this,  we  might  have 
pleasant^  cheery  rooms,  comfortable  and  healthy,  and,  to  a  great  extent,  obviate  the 
unpleasant  closeness  and  unhealthy  atmosphere  w^ch  is  engendered  by  occupation 
at  night  with  doors  and  windows  closely  shut 

I  hold  very  strongly  that  in  many  cases  half  the  cost  of  furnishing  may  be  saved 
by  having  the  bulkier  pieces  of  furniture  made  to  suit  the  special  requirements  of 
the  people  who  are  to  use  them,  and  that  the  mass  of  the  general  public  would  find 
thu.se  s|xx;Lal  pieces  more  easily  adapted  to  their  neants  and  requirements  than  the 
ordinary  run  of  articles  they  buy  ready-made. 

If  health  and  comfort  are  to  be  considered  in  burnishing,  it  must  be  self-evident 
that  none  of  the  bulkier  pieces  of  furniture  should  be  so  made  that  they  cannot  be 

i*eadily  removed,  to  permit  of  the  floor-space  underneath  being  cleaned  and  washed ; 
or,  failing  this,  there  should  be  sufficient  space  left  open  under  them  for  all  dirt  and 
dust  to  be  easily  seen  and  removed.  If  a  heavy  piece  of  furniture  is  made  to  fix 
close  down  to  the  floor,  or  open  only  a  few  inches  under,  it  must  follow  that  the 

space  below  cannot  be  got  at,  and  that  it  must  necessarily  form  a  resting-place  for 
dirt  which  cannot  be  got  rid  of,  and  must  remain  until,  at  great  cost  and  labour,  the 
furniture  is  removed  for  the  annual  spring  or  autumn  cleaning. 

It  is  very  desirable,  as  far  as  possible,  to  have  all  heavy  pieces  of  fumitore 

arranged  on  castors,  so  that  they  can  be  easily  removed  for  cleaning  or  other  pur- 
poses without  risk  of  damage  to  waUs  and  floor-surfaces;  most  people  will  have 

experienced  the  annoyance  and  labour  involved  in  moving  wardrobes  or  chests 
of  drawers  for  cleaning  purposes,  and  as  a  consequence  they  are  too  often  left  in 
situ  with  all  the  accumulation  of  years  of  dirt  and  filth  allowed  to  remain 
beneath  them,  to  the  manifest  unhealthiness  of  the  rooms. 

Most  wardrobes,  as  they  are  called,  and  other  heavy  pieces  of  bed-room 
furniture,  are  made  with  flat  top  spaces,  which,  as  a  matter  of  course,  become 

receptacles  for  dust,  which  cannot  be  i*eadily  got  at  and  cleaned  off;  all  this  dirt 
cannot  fail  to  assist  materially  in  keeping  ihb  rooms  stuffy  and  unhealthy,  besides 
which,  much  valuable  space  is  thus,  to  my  niind,  lost,  for  the  space  between  the 
top  of  the  ordinary  wardrobe  and  the  ceiling  might  well  be  filled  up  with  small 
cupboards,  in  which  might  be  stowed  away  spare  linen  or  clothes  not  wanted  for 
immediate  use.  The  annexed  illustration  shown  a  wardrobe  thus  furnished,  and 
another  will  be  found  at  page  342. 

In  advocating  these  top  cupboards,  I  have  been  told  that  they  are  inconvenient 
and  difficult  to  reach ;  but  surely  store-places  are  wanted  in  every  household,  in 
which  articles  that  will  not  be  required  for  weeks,  or  perhaps  months,  may  be  put 

\ 
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•way;  uid  there  cannot  be  any  serious  difficalty  iu  getting  &t  these  top  cupboardH 
when  occadoD  requires,  by  means  of  a  chair,  or  a  set  of  "  chftir-Bt«pB  " — that  is,  one 
of  those  uaefiil  oontriyances  which  fonn  a  good  useful  chair  and  unfold  when 
required  into  a  set  of  short  steps ;  any  way,  very  few  bed-rooms  are  so  high  that 
thwe  top  cupboards  cannot  be  easily  reached,  and  I  am  quite  certain  that  tho  healthi^ 
nesa  of  any  room  will  be  materially  increased  by  the  doing  away  with  aU  spaces 
OS  &r  as  poBsible  where  dust  and  other  unhealthy  lodgments  can  take  place. 

If  these  top  cupboards  be  objected  to  as  useless,  tbea  care  should  be  taken  that 

the  top  of  the  wardi-obe  or  book-case  be  covered  with  a  ledge  of  wood  tixed  slightly 
gloping,  so  that  the  dust  can  be  readily  removed  by  a  brush,  and  this  ledge  aliould 

be  polished  or  vaiTushed  to  match  the  piece  of  furniture,  tiio  as  to  otTer  a  smooth 

ntrfsce  with  as  little  holding  space  for  dirt  as  possible,  and  be  mode  sufficiently 

sl(^ing  to  show  from  the  floor-level  any  dirt  or  dust  that  may  liave  accumulated 
tliereon. 

In  fumitnr^  as  in  decoration,  there  is  often  much  useless  extravagance  in  orna- 

meat  and  material,  especially  in  all  bed-room  furniture ;  in  this,  use  and  fitneRS  are 

tsseutially  the  first  elements  to  be  considered,  and  I  hold  that  a.  niei-e  cupboard  can 

be  made  (air  in  form  and  artistic  in  design  with  wetl-arranged  [laiielling  and  good 

moulding,  without  any  elaboration  of  ornament  or  useless  "  trimmings  "  in  the  sliaiie 
of  tiny  balusters  and  fret-work  cornices,  and  can  be  just  as  well  executed  in  deal 

jaiated  and  vamiahed — the  painted  surface  being  made  of  such  a  colour  as  will  har- 27 
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monise  or  contrast  with  the  decoration  of  the  room— and  at  half  the  cost  of  French- 

polished  mahogany,  walnut,  or  other  expensive  woods.  -Deal  and  pitch-pine  are  in 
themselves  sufficiently  good  for  all  such  purposes  as  cupboards,  wardrobes,  chests 
of  drawers,  and  other  similar  furniture,  and  can  be  left  to  show  the  natural  grain  of 
the  wood  by  being  simply  varnished;  all  this  kind  of  treatment  is  quite  as  cleanly 
and  to  my  mind  quite  as  good  as  any  amount  of  polish,  which  requires  constant 
labour  and  attention  to  keep  clean  and  bright.  The  plain  varnished  woods  are  light 
and  cheerful,  and  can  be  easily  kept  clean  by  mere  dusting  or  rubbing  over  with 
a  damp  cloth  ;  strong  soap  or  soda  and  water  should  on  no  account  be  used  in 
cleaning  paint  or  varnish,  for  they  eat  into  and  destroy  it  rapidly. 

To  my  mind  all  modem  furniture  is,  if  really  good,  of  infinitely  too  expensive  a 
character  for  general  purposes,  or  if  cheap  is  so  badly  made  that  it  gapes  and 
shrinks,  and  becomes  useless  after  a  few  years ;  this  extravagance  in  common  things 

is  probably  due  to  the  luxuriousness  of  the  age,  which  seems  to  seek  after  elabora- 
tion rather  than  simplicity  in  design,  and  in  a  great  degree  to  the  ignorance  and 

want  of  taste  of  the  general  public,  who  imagine  that  good  things  must  necessarily  be 

expensive  and  that  **  cheap  ''  things  are  necessarily  "  nasty." 
With  those  who  hold  these  views  I  have  nothing  in  common.  My  object  is  to 

insist  that  all  furniture  may  be  of  good  and  common-sense  design,  artistic  in  form, 
practical,  useful,  and  good,  and  yet,  compared  with  the  work  which  is  offered  to  us  in 

most  of  the  ordinary  upholsterers'  shops,  moderately  cheap.  To  my  mind  paintfd 
and  varnished  deal  is  just  as  lasting  as  polished  mahogany,  and  can  be  kept  clean 

and  bright  for  half  the  labour  i-equired  in  polished  work ;  birch  and  light  oak  are 
equally  well  fitted  for  bed-room  furniture,  but  are  naturally  more  expensive, 
although,  as  a  rule,  deal  is  used  for  the  internal  fitting-up  of  most  pieces  of  furniture 
made  of  these  woods-;  cedar  is  too  expensive  for  general  use,  but  is  admirably 

adapted  for  internal  work,  as  the  smell  of  the  wood'is  said  to  keep  out  the  destruc- 
tive little  pest  "  moth." 

The  so-called  "  pedestals  "  are  unhealthy  and  objectionable  articles  of  furniture  in 
any  room — placed  as  they  generally  are  close  to  the  head  of  the  sleeper — and  should 
certainly  be  dispensed  with.  The  object  for  which  they  are  provided  may  be  equally 

well  attained  by  making  small  cupboards  under  the  washing-stand,  and  thus  remov* 
ing  what  must  necessarily  be  an  unpleasant  and  unhealthy  feature  in  the  room  as 
far  as  possible  away  from  the  bed.  Such  a  piece  of  furniture  is  shown,  in  the 
illustration  on  the  next  page. 

Tapestry  and  stuff  hangings,  while  well  adapted  to  take  off  the  coldness  of  un- 
plastered  walls  of  mediaeval  buildings,  are  quite  as  unsuitable  as  their  humbler 

imitations  in  the  shape  of  cretonne  and  chintz,  for  the  wall-coverings  of  modem 
rooms  in  thickly-populated  cities  and  towns. 

The  carefully  closed-in  beds  of  the  Middle  and  Renaissance  Ages  might  have 
been  necessary  in  the  large  and  draughty  rooms  of  our  forafathers,  but  are 
unhealthy  and  unsuitable  for  modem  rooms,  in  which  pure  air  and  absence  of 
stuffiness  can  only  be  obtained  by  carefully  abstaining  from  the  use  of  anything  that 
prevents  free  circulation  of  air  and  ventilation ;  for  it  must  be  remembered  that 
only  by  this  free  circulation  of  air  and  constant  ventilation  can  the  rooms  be  kept 

free  from  the  moisture  which  clings  to  all  wall-surfaces,  whether  papered  or  dis- 
tempered, and  which  is  so  fmitful  a  source  of  discomfort  and  diseaaa 
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The  bed-rooms  of  a  house  should  be  kept  as  free  as  possible  from  all  uticluis 
bangiDgti  which  impede  air  circulntlon  ;  tlie  fiiniitiire  simple  and  useful,  well  made; 

and  dust-tight ;  the  Hoor-surface  left  free  all  round  the  walls  and  under  the  bed  niid 

wall  furniture,  aad  carpeted  onlj  so  far  as  is  neceBsary  for  comfort ;  all  ledges  unci 

raiting-plaoefi  for  dirt  should  be  carefully  avoided,  such  as  Venetian  blinds,  valences 

lo  beds  and  windows,  and  inoccessiblB  shelves ;  the  tire-places  left  ojieit,  not  closed 

np  as  is  often  done  in  the  summer-time  with  curtains  and  useless  hangings ;  the 

woodwork  polished  or  varnished,  so  as  to  be  easily  cleaned ;  and  the  walls  covei'ed 

1.  Bau  L  WuMBiun  wiiB  Pbdistils. 

with  (ample  patt«m  papers  or  distemper,  so  as  to  present  no  spotty  surfaces  for  the 

«ye  to  rest  upon. 

Bed-room  fDmiture  can,  to  my  mind,  be  materially  improved  by  brang  more 

compressed,  and  by  much  greater  use  being  made  of  the  recesses  formed  by  the 

projedioii  of  the  chimney-breasts ;  all  these  can  be  fitted  up  at  moderate  cost 

*ith  useful  hanging  closets  and  drawers,  while  the  mantelpieces  of  ordinary 

bed-rooms  may  be  rendered  into  useful  articles  of  furniture  by  being  fitted  with 

side  cupboards,  shelves,  and  drawers,  so  as  to  form  dressing-tables.  Washing-stands 
Bhonld  be  of  the  simplest  possible  construction,  fitted  up  with  tiles  to  a  height 

of  eighteen  inches  or  two  feet  at  the  back,  with  as  little  woodwork  as  possible 

to  get  wet  and  dirty  ;  the  sides  can  be  foimed  into  useful  cupboards  with  racks 

w  pegs  for  boots — generally  difficult  articles  of  drees  to  stow  away  comfortably ; 

while  the  centre  might  be  fitted  with  a  zinc  receiver  to  take  off  the  waste  water, 

t^is  receiver  being  made  immediately  nnder  the  basin,  with  a  ptaoe  to  allow  of 

the  dir^  water  being  easily  emptied  into  a  peul,  and  with  ample  access  for  thorough 

Mouring  and  cleansiiig;  a  glazed  earthenware  trough  is  better  than  any  metal-work, 

u  bebg  less  likely  to  hold  grease  and  dirt,  and  more  easily  scoured ;  bat  all  these 
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receivers  must  be  so  made  that  thej  can  be  readilj  accessible,  or  they  will  become 
foul  with  soap  and  dirt,  and  soon  smell  sour  and  unhealthy. 

Every  piece  of  furniture  should  be  fitted  for  its  purpose,  truthful  in  design  and 
materia],  and  not  pretending  to  be  something  else,  or  made  of  some  other  material 
It  may  be  a  small  matter,  but  what  earthly  use  is  it  to  grain  one  wood  in  imitation 
of  another,  or  to  ])aint  the  inside  of  tin  baths  in  imitation  of  marble  1    Not  only  is 
all  such  false  work  a  sliam  and  a  lie,  but  it,  is  bad  in  taste,  and  infinitely  more 

expensive  than  plain  painting  or  enamelling.      It  may  be  absurd  to  say  that  tmth 
in  such   small   things  is  just  as  essential  as  truth  in  anything  else  in  daily  life, 
but  surely  anything  that  pretends  to  be  what  it  is  not,  and  seeks  to  delude  the 
eye  by  false  imitation  of    something  else,  is    as    immoral    in   its    tendency  as 

what  are  called  "  white  lies  "  are  in  general  life ;   shams  and  unrealities  are  but  lies, 
equally  to  be  avoided  in  the  things  we  surround  ourselves  witlv  as  they  are  in  daily 
life. 

All  such  shams  and  pretentious  deceits  should  be  repugnant  to  all  morality,  as 
they  are  utterly  at  vaiianoe  with  all  good  taste  and  real  art.  They  may  deceive 
no  one,  for  I  suppose  few  persons  would  conceive  the  tin  bath  to  be  marble  or 
the  grained  cupboard  to  be  really  what  it  pretends  to  be,  but  under  any  and  all 
circumstances  they  are  shams,  bad  in  taste,  bad  in  art,  and  bad  in  every  moral  sensa 
Little  lies  very  soon  lead  to  bigger  ones,  and  those  who  are  content  to  see  about 
them  small  shams  of  the  kind  I  have  mentioned  will  be  equally  content  to  see 

fioor-coverings  in  imitation  of  marble,  tiles,  or  inlaid  woods,  wine-coolers  made  in 
the  form  of  sarcophagi,  apd  other  work  equally  bad  in  art  as  in  taste.  What  can 
be  more  trashy  or  commonplace  than  covering  walls  with  imitation  marble 
or  tile  papers  ?  At  their  best  they  are  cold  and  formal,  and  utterly  unlike  the 

real  thing ;  good  marble  and  well-coloured  tiles  are  pleasant  objects  to  look  upon, 
but  their  false  imitations  are  not  only  painfully  unreal,  but  entirely  opposed  to 
all  good  decoration;  nothing  can  be  worse  in  general  effect  and  tone  than  a 
staircase  wall  covered  with  sham  marble  blocks,  and  nothing  more  useless  as  a 

protection  against  water  than  a  bath-room  lined  with  paper  in  imitation  of  painted 
tiles. 

If  you  are  content  to  teach  a  lie  in  your  belongings,  you  can  hardly  wonder  at 
petty  deceits  being  practised  in  other  way&  Teach  truthfulness  at  least  in  the 
things  with  which  you  surround  yourselves,  and  avoid  shams  and  deceits  of  all  kinds, 
resting  assured  that  real  colouring  and  real  work  of  all  kinds  is  infinitely  better, 
quite  as  lasting,  and  infinitely  cheaper  than  sham  graining,  marbling,  or  gilding ;  at 

least  be  honest  in  decoration  and  furniture,  and  do  not  add  the  vulgarity  and  preten- 
tiousness of  unreal  work  to  badness  of  taste  and  trashiness  of  construction.  As  a 

rule,  all  this  kind  of  sham  is  suggestive  of  trumpery  materials,  for  with  really  good 
things  imitation  and  deceit  are  out  of  place  and  unnecessary  ;  all  this  carrying  into 

e very-day  life  of  "  the  shadow  of  unreality  "  must  exorcise  a  bad  and  prejudicial 
influence  on  the  younger  members  of  the  house,  who  naturally  are  thus  brought  up 
to  see  no  wrong  in  the  shams  and  deceits  which  are  continually  before  them,  and 
do  not  understand  the  badness  of  taste,  not  to  say  morality,  which  there  is  in 

making  our  ̂ ^  domestic  surroundings  appear  something  which  they  almost  manifestly 

are  not''  I  am  quite  awai-e  that  I  am  laying  myself  open  to  bein^  called  absurd 
and  Utopian  in  setting  f oi-tli  such  doctrines :    that  marbling  the  inside  of  a  bath, 
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or  graining  deal  to  represent  oak,  or  painting  floor-cloth  to  represent  encaustic  tiles 
or  parquet- work,  and  patting  up  paper  in  imitation  of  painted  tiles  or  marble  blocks 

are  only  other  forms  of  decoration  quite  as  good  as  painting  "  Queen  Anne  "  blue, 
sage-green,  or  any  other  fashionable  colour. 

It  is  impossible  within  the  limits  of  an  article  of  this  kind  to  discuss,  or  even 
passingly  allude  to,  the  numerous  modem  inventions  which  each  year  brings  forth 
for  the  greater  comfort  and  convenience  of  house  fittings  and  furnishing  :  the 
exhibitions  which  take  place  almost  annually  of  building  appliances,  furniture, 
and  sanitaiy  arrangements,  ofler  to  the  public  constant  opportunities  of  seeing  and 
adopting,  if  they  will,  the  many  improvements  that  are  taking  place  in  house 
decoration  and  furniture ;  the  reviews  and  criticisms  on  these  in  the  public  press 

are  generally  fair  and  exhaustive,  so  that  those  ̂ ho  are  unable  to  judge  for  them- 
selves as  to  what  are  really  improvements,  may  ascertain  from  these  what  to  use 

and  what  to  avoid. 

In  a  recent  Building  Exhibition  at  the  Agricultural  Hall,  and  in  the  Exhibition 

of  Furniture  at  South  Kensington,  there  were  many  valuable  suggestions  offei^ed  for 
the  improvement  in  art,  comfort,  and  cleanliness  of  our  dwellings ;  almost  every 
magazine  and  daily  paper  has  treated  more  or  less  exhaustively  on  the  subject^  and 
there  is  no  reason  why,  with  the  narrowest  means  and  in  the  humblest  of  abodes, 
good  art  in  form  and  colour  may  not  be  combined  with  comfort,  healthiness,  and, 
to  those  who  will,  luxuriousness  of  furniture  and  decoration..  In  the  present  craze 
for  novelty,  practical  common  sense  is  often  lost  sight  of,  but  there  is  no  real  reason 
why  our  homes  should  not  be  made  artistic  and  beautiful,  and  at  the  same  time 
healthy  and  comfortable ;  if  we  will  but  have  care  to  avoid,  as  far  as  practicable,  all 
those  things  which  gather  dust,  tend  to  retain  smells  and  other  impurities,  and  to 
remember  that  decoration  and  furniture  which  might  have  been  fitted  for  spacious 
rooms  and  lofty  halls,  are  not  at  all  suited  to  the  often  close  and  stufiy  rooms  of 
modem  dwellings. 

It  is  impossible  to  more  than  passingly  allude  to  gasalierft  and  the  other  smaller 
articles  of  furniture  in  a  house.  The  simpler  all  these  are  the  better.  Gasaliers 
should  be  of  bronzed  brass  in  preference  to  lacquered  work  or  iron.  The  lacquer 
soon  gets  tarnished,  and  the  iron  is  liable  to  rust  by  the  damp  and  decomposing 
products  of  gas.  Gas  tends  to  destroy  everything  in  our  rooms,  to  render  them 
hot,  stuffy,  and  unhealthy ;  and  unless  a  constant  supply  of  fresh  air  can  be  brought 

into  them,  it  is  well  to  bum  as  little  gas  as  possible,  especially  in  the  sleeping-rooms 

of  the  house,  where  the  foul  impurities  that  are  given  off*  by  gas,  together  with  the 
enormous  amount  of  vitiated  air  formed  by  the  products  of  combustion,  make  the 

rooms  filthy  and*  unhealthy. 
In  the  cheap  speculative  houses  the  door  and  window  furniture  is  often  of 

the  most  trumpery  bs  well  as  the  most  ioartistic  description,  and  is  an  endless 
flonrce  of  annoyance.  The  best  and  simplest  furniture  that  I  have  seen  for 

ordinary  doors  is  that  known  as  "Elaye's''  percussion  lock  and  furniture,  which, 
so  far  as  I  can  judge  by  the  experience  I  have  had  of  it,  is  not  likely  to  have 
the  handles  constantly  coining  off,  or  be  otherwise  getting  out  of  order.  If  the  doors 

be  varnished,  finger-plates  are  unnecessary,  and  if  used  should  be  of  the  simplest 
possible  character.  Several  eminent  manufacturing  firms  now  make  some  exceed- 

ingly artistic  glass  candle  and  gas  brackets  and  chandeliers,  which  are  fitted  for 
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almost  any  room  where  good  artistic  effect  and  simplicity  of  design  ar^  required. 

The  beautiful  Venetian  glass-work,  with  its  modelled  flowers  and  leaves,  is  some- 
what out  of  place  in  ordinary  houses,  as  the  dust  works  up  under  the  ornament  in 

places  which  it  is  difficult  to  clean,  except  by  taking  the  work  to  pieces. 
With  all  the  vast  improvements  that  have  been  made  in  the  various  trades 

concerned  in  the  decorating  and  furnishing  of  houses,  and  by  exercising  the 
same  common  sense  and  common  care  as  in  other  matters  of  life,  by  a  careful 

I'eganl  for  use  and  suitability,  and  an  avoidance  of  all  that  is  false  and  meretricious, 
we  may  make  the  homes  we  live  in  not  only  comfortable  and  healthy,  but  artiRtic 
and  ItHiutiful. 
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CHAPTER  XXXIV. 

INTBRNAL  DBCORATION   AND   PURE  AIR. 

Duct  means  Dmcmc    Evils  of  Curtains,  Waste  P^>ers,  and  Lumber— Ventilating  the  Hall— l>eoorative 
Venti]ation--€leaning— Disposal  of  Refuse. 

It  may  poesiblj  be  aigued  that  it  is  a  matter  of  small  importance  how  the  wall 

and  floor-surfaces'  of  our  rooms  are  covered,  so  long  as  thej  are  warm  and  com- 
fortable, and  that  it  is  a  matter  of  indifference  what  may  be  the  especial  artistic 

design  of  the  furniture  we  use,  provided  it  be  fitted  for  its  purpose ;  and  that  the 
moral  and  healthy  aspect  of  our  homes  is  not  to  be  improved  or  impaired  by  any 
partictdar  treatment  of  decorative  design  or  arrangement  of  the  furnituro  and 
fittings  of  Uie  particular  rooms.  If,  however,  as  it  must  be  admitted,  dirt  and 

impure  smells  act  prejudicially  upon  us,  and  tend  to  ill-health,  nausea,  or  bodily 
lassitude,  it  is  especially  essential  that  as  much  regard  should  be  paid  to  the  proper 
covering  of  our  floors  and  walls,  and  to  the  furnishing  of  our  rooms,  as  to  drainage 
and  ventilation.  All  papers  which  hold  dirt,  and  all  materials  which  absorb  and 
relain  impuro  smells^  should  be  avoided,  and  no  furnituro  should  be  placed  in  our 
rooms  which  in  any  way  holds  dirt  and  dust  that  cannot  be  easily  seen  and 
cleaned  away,  or  which  allows  both  to  accumulate  under  it  in  places  which 
cannot  readily  be  got  at ;  for  if  a  room  cannot  be  made  thoroughly  fresh  and  clean 

in  every  part  by  every-day  washing  or  dusting,  it  must  be  m^uiifest  that  the 
atmosphere  in  the  room — although  -perhaps  imperceptibly — ^must  be  charged  with 
minate  and  invisible  impurities,  which  are  unwholesome  and  unhealthy. 

For  this  reason  I  would,  as  far  as  possible,  do  away  with  stuff  curtains,  flu£^ 

and  looped-up  lace  or  other  similar  blinds,  with  flock  raised  papers  on  waUs,  and 
with  all  high  ledges  or  shelves,  where  they  cannot  readily  and  easily  be  got  at  for 
cleaning  purposes. 

If  there  be  any  truth  in  the  assertions  that  are  made  that  nausea  and  general 
lassitude,  not  to  speak  of  any  severer  forms  of  illness,  are  engendered  by  want  of 
attention  to  the  proper  healthy  arrangement  of  our  homes,  and  that  dirt  and  dust 
are  to  a  certain  extent  equally  conducive  to  the  unhealUuness  and  unwholesomeness 
c^  our  bouses  as  defective  drainage  and  bad  ventilation,  it  must  be  admitted  that  we 
have  yet  much  to  learn  for  the  more  practical  and  better  fitting  up  of  the  rooms  we 
live  in,  and  that  too  much  care  cannot  be  exercised  in  providing  that,  so  far  as 
practicable^  all  extraneous  and  useless  ornaments  and  unhealthy  fittings  shall  be 
avoided  Many  people  littelr  their  rooms  with  all  kinds  of  lumber,  until  there  is 
hardly  a  comer  free  from  it.  They  cover  their  floors  and  tables  with  flufly  mats 
of  various  kinds,  which  hold  all  kinds  of  dust  and  dirt,  and  which,  like  pitch,  you 
cannot  touch  without  being  defiled  With  the  best  of  servants  and  the  best  of 
supervision  it  is  impossible  to  keep  such  rooms  pure  and  wholesome.  Things  stowed 
away  in  all  sorts  of  odd  comers,  wherein  they  are  left  undisturbed  for  months,  must 
hreed  dirt  and  disease ;  and  while  it  is,  of  course,  necessary  that  in  every  household 

there  should  be  storing-places  for  all  sorts  of  things  only  reouired  for  a  season,  and 
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then  to  be  stowed  away,  such  kind  of  storing-plaoeB  should  be  made  suitable  and 
convenient,  so  that  they  can  easily  be  got  at  and  easily  cleaned. 

It  is  possible  that  there  may  be  some  sort  of  sentiment  existing  which  makes 
mothers  desire  io  keep  for  all  time  the  long-disused  toys  belonging  to  their  children 
in  early  life,  and  I  have  seen  boxes  and  cupboards  half  filled  with  broken  toys  and 
other  useless  lumber,  which  only  serve  as  resting-places  for  aU  kinds  of  impurities, 
— seldom  disturbed  and  rarely  cleaned  out — while  in  our  hospitals  and  amongst  our 
lK)orer  neighbours,  there  are  hundreds  of  chOdren  who  would  be  delighted  with  these 
no  longer  required  toys  and  belongings  of  our  own  childhood.  Clear  out  all  such 
lumber,  and  give  all  that  is  fit  for  anything — old  picture-books,  old  toys,  old  clothing 
— to  those  who  will  heartily  appreciate  them ;  and  while  conferring  a  pleasure  on 
these  little  ones  of  our  poorer  neighbours,  who  cannot  possibly  obtain  in  any  other 
way  such  things  as  toys  and  picture-books,  you  will  be  clearing  away  things  which 
are  now  only  lying  useless  in  some  out-of-the-way  comer  or  cupboard,  and  adding  to 
the  comfort  and  cleanliness  of  your  own  house. 

How  many  thousands  of  poor  children  are  there  who  would  be  benefited  and 
amused,  and  whose  lives  might  be  made  more  cheerful  and  more  happy,  by  the 
contents  of  many  a  box  or  cupboard  of  toys  and  books  which  are  no  longer  required ! 
Every  housewife  knows  how  old  books,  old  papers,  old  clothes,  old  linen  accumulate 
in  the  course  of  a  few  months.  Instead  of  these  being  periodically  cleared  out  and 

given  away,  they  are  often  carefully  stowed  away  in  the  most  out-of-the-way  places, 
practically  as  useless,  and  help  to  make  the  rooms  and  house  generally  stuffy  and 
unhealthy,  when  they  might  be  the  means  of  giving  health  and  pleasure  to  others 
who  have  no  means  of  purchasing  them  for  themselves. 

Again,  in  offering  suggestions  for  the  healthy  and  artistic  treatment  of  the  bed- 
room and  nursery  walls,  it  must  be  borne  in  mind  that  they  are  all  comparatively 

useless  without  some  proper  system  of  ventilation,  for,  to  quote  Captain  Gralton's 
invaluable  little  book  on  "  The  Construction  of  Hospitals  " — "  the  purity  of  the  air 
within  an  inhabited  space  enclosed  on  aU  sides,  is  necessarily  vitiated  by .  the 

emanations  proceeding  from  the  bodies  of  those  who  "inhabit  it,  and  especially  by 
the  effect  on  it  of  their  respirations."  With  persons  suffering  from  disease, 
especially  infectious  fevers,  or  from  wounds,  or  sores,  these  emanations  are 
greater  in  quantity,  and  more  poisonous  in  quality,  than  from  persons  in  health 

Stagnation  in  the  movement  of  the  air  leads  to  rapid  putrefaction  of  these  emana- 
tions. 

The  oppressive  and  unhealthy  atmosphere  of  an  ordinary  passage-hall,  where  gas 
forms  the  principal  means  of  lighting,  is  very  discernible  after  the  house  has  been  lit 
up  for  a  few  hours.  The  bad  air  and  heat  engendered  by  the  gas  stifles,  as  it  were, 
the  real  lungs  of  the  house,  and  adds  materially  to  our  discomfort  I  have  designed 
a  simple  but  effective  means  of  remedying  this  to  a  great  extent,  by  forming  small 
zinc  tubes  on  each  side  of  the  letter-box,  with  open  tops  and  valves,  and  with 
gratings  on  either  side  of  the  usual  letter-box  flap  externally,  so  that  there  is  a 

constant  current  of  fresh  aii*  entering  the  hall,  without  draught,  and  purifying  and 
mixing  with  the  heated  and  foul  air,  thus  i^ndenng  the  atmosphere  more  healthy 
and  pleasant.     The  illustration  shows  its  appearance  from  the  outsidOi 

In  ordinary  sitting-rooms  there  is  a  constant  influx  of  air  from  doors  and 
windows,  and  practically  the  rooms  are  never  shut  up  for  any  great  length  <^  time 
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without  being  in  a  measure  swept  out  by  currents  of  air  thus  admitted^  in  winter- 

time the  fire  acts  as  a  constant  extracting  po'wer,  and  without  any  definite  system 
of  ventilation  there  is  not,  uuder  ordinary  circumstances,  much  difficulty  in  keeping 

&  sitting-room  fairly  well  ventilated. 

Much  may,  however,  be  done  to  improve  the  atmosphere  of  these  rooms  either  by 

the  use  of  what  are  called  "Tobin'a"  tubes,  or  by  cutting  the  meeting-bars  of  the 
ordinaty  window-sashes,  so  as  to  bring  fresh  air  into  the  i-oom  ;  for  it  is  quite  certain 
that  without  the  means  of  bringing  a  constant  supply  of  fresh  air  into  the  room,  to 

push  out  and  improve  that  which  has  become  foul  and  vitiated,  no  real  comfort  can 

i*  obtained  in  any  room  after  the  house  is  "  shut  up  "  and  the  gas  lighted.  The 
noma  then  become  hot  and  stifling,  engendering  headache  and  nausea ;  and  if  the 

vindovs  be  opened,  draught  and  possible  cold  negative  the  good  result  that  might 

^•('crue  by  the  acce-ss  of  fresh  air.  These  so-called  "Tobin"  tubes  are  generally 
iibtnisive  and  unsightly  objects  in  any  room,  put  up  without  thought  of  any  kind 

>^  to  the  arrangement,  so  that  a  good  many  artistic  people  are  content  to  put  up 

with  stuffiness  of  atmosphere  tather  than  spoil  their  rooms  by  square  or  circular 

pipes  stuck  up  in  one  comer,  and  looking  very  much  like  cut-off  stove-pipes. 

There  is  no  reason  why  this  scheme  of  ventilation  ahould  not  be  incorporated 

lu  the  design  of  some  piece  of  ftimiture,  or  made  sightly  and  ai'tistic  one  way  or 

other:  the  pipes  might  be  made  of  terro-cotta  as  ornamental  angle  pedestals  with 
projecting  lips,  or  shelves  on  the  top  to  take  small  .busts,  vases,  or  bronzes,  without 

impeding  the  circulation  of  the  air ;  or  tie  tube  can  be  brought  under  the  floor  to 

Ae  fireplace  and  be  incorporated  in  the  design  for  the  mant«I]>iece,  or  in  the 

uprights  of  a  fixed  bookcase  or  cabinet,  so  long  as  the  air-tubes  have  a  sufficient 

!«ctitiQal  area  of,  say,  from  about  fifty  to  sixty  inches — that  is,  a  measurement  of 

si^t  fay  six  or  ten  by  six  inches,  according  to  the  size  of  the  rooms.     They  may  be 
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made  to  any  fonn.  As  a  role,  two  of  the  smalleiHsized  pipes  will  be  desirable  for 

an  ordinary-sized  London  dining  or  drawing-room.  The  tube  itself  might  be  finished 
with  a  terra-cotta  pot,  out  of  which  the  bottom  most  be  cut,  or  with  an  enamel  or 
other  vase,  much  in  the  same  way  as  they  are  used  for  lamps,  except  that  the 
bottom  must  be  open,  not  closed.  There  are  innumerable  ways  in  which  to 
introduce  fresh  air  into  a  room  without  making  it  unsightly,  but,  like  eveiything 
else  that  is  done  well,  the  means  and  design  must  be  thought  out  and  adapted  for 
each  particular  room  and  place.  Sometimes  small  flat  square  tubes  can  be  fixed 
next  the  projecting  window  architraves,  and  finished  with  a  small  moulding  at  the 
top,  with  the  skirting  moulding  carried  round  so  as  not  to  be  unsightly ;  or  they 
can  be  arranged  so  as  to  be  hidden  by  the  curtains,  which  in  most  rooms  are  fixed 
to  the  window  boxings  or  architraves,  projecting  several  inches  into  the  room  and 

leaving  ample  8|)aoe  behind  for  the  air-tube& 
Mrs.  Priestley,  a  lady  who  is  well  known  for  her  efforts  in  the  cause  of 

hygiene  and  sanitary  scienoe  applied  to  domestic  purposes,  has  had  r^^istered 

an  extremely  efficient  and  simple  contrivance  for  the '  ventilation  of  roomb, 
which  is  at  the  same  time  very  pretty  and  decorative,  and  can  be  made  with 

a  little  care  highly  artistic.  This  "  Floral  Art  Ventilator,"  as  it  is  called,  consists  of 
a  glass  box  or  case,  which  stands  upon  a  table,  and  fits  into  the  window  opening  to 

about  half  or  two-thirds  of  its  height^  the  portion  next  the  window  being  open,  the 
sides  made  of  looking-glass  or  tiles,  the  bottom  formed  to  receive  flowers,  and  the 
front  next  the  room  being  made  as  glass  casement  doors,  for  access  to  the  flowers  or 
to  the  external  sashes ;  the  top  is  left  open,  so  that  when  the  lower  sash  is  opened 

there  is  a  good  current  of  fresh  air  which  finds  its  way  upwards  into  the  room  with- 
out creating  any  perceptible  draught.  The  current  of  air  being  thrown  upwards,  as 

in  **  Tobin's  *'  tubes,  causes  it  to  mix  with  the  air  of  the  room,  and  thus  materially 
improve  it  without  the  unpleasant  effects  of  an  open  window.  By  means  of  sateens 

next  the  open  sash  and  above,  strained  over  with  gauze,  the  '*  blacks "  and  dust  are 
kept  out^  and  the  body  of  fresh  air  admitted  to  the  room  can  be  controlled  at  will, 

according  to  the  height  to  which  the  outside  sash  is  opened.  This  ventilating-case 
is  made  to  contain  flowers  and  ferns,  so  that  the  general  appearance  is  extremely 

pretty  and  decorative,  while  the  result  as  regards  ventilation  is  eminently  satisfac- 
tory, the  air  in  its  upward  progress  being  filtered  and  moistened  by  passing  through 

the  flowers  and  ferns  below.  This  filtering  process,  by  means  of  the  plants,  takes  off 

the  "  ammoniacal  and  carboniferous  impurities,"  to  quote  Mr.  Seymour  Haden,  with 
which  the  air  of  large  towns  is  so  materially  laden^  and  the  picturesque  and  graceful 
appearance  of  growing  plants  is  made  to  assist  the  purity  and  healthiness  of  the 
room. 

There  are  many  simple  and  effective  means  of  providing  fair  ventilation  without 
discomfort,  and  in  conjunction  with  the  decoration  of  the  rooms ;  amongst  others 
I  would  suggest  as  the  simplest  means  of  bringing  in  fresh  air,  the  use  of  small 
upright  shafts  or  tubes  in  the  angles  of  the  roomsi  communicating  with  the 

external  air,  and  provided  with  simple  regulating  valves ;  gratings  over  the  door- 
openings  leading  to  the  staircase  wells,  tiie  inner  grating  being  fixed  at  a  much 

higher  level  than  the  external  one,  so  as  to  prevent  down-draught  as  6ur  as  possible  j 
these  gratings  are,  I  know,  objected  to  often  on  the  ground  that  they  admit  and 
let  out  sound,  and  are,  to  a  certain  extent^  productive  of  draughts. 

k. 
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Much  more  might  be  written  on  this  subject  of  ventilation,  were  the  subject 
not  to  be  treated  specially  hereafter.  My  object  in  briefly  alluding  to  it  is  to  insist 
that  it  should  form  a  part  of  the  practical  decoration  of  every  sleeping-room,  and 
that  it  may  well  and  easily  be  incorporated  with  the  decorative  treatment  of  any 
room. 

Curtains  and  ornamental  blinds  are  generally  quite  unnecessary  in  any  house 
if  a  little  thought  and  care  be  taken  with  regard  to  the  general  decoration  and 
arrangement  of  the  rooms.  These  hangings  naturally  hold  dirt,  and  where  there 
is  dirt  there  must  be  disease.  In  the  bed-rooms  dark  blinds  will  effectually  shut 
out  lights  and  in  the  sitting-rooms  use  should  be  made  to  a  much  larger  extent 
of  coloured  glass,  of  good  and  harmonious  colouring,  by  which  a  soft  pleasant  light 
may  be  infused  into  the  rooms,  and  a  protection  be  obtained  from  the  glare 

of  sun-light.  Boiler-blinds  must  still  form  part  of  the  window  furniture,  but 
let  these  be  of  some  glazed  material  and  not  of  the  fLnffy  frilled  stuffs  that  are 
now  becoming  fashionable;  all  these  kind  of  things  hold  dirt,  get  dusty,  soon 
want  changing,  and  are  necessarily  expensive  and  objectionable.  Everything  about 
the  house  should  be  made  useful,  all  ledges  and  unnecessary  dust-spaces  should 
be  carefuUy  avoided,  and  everything  so  arranged  that  it  may  be  easily  cleaned 
with  as  little  labour  or  trouble  as  possible;  all  furniture  which  has  superfluous 
carving  or  moulding  should  be  avoided,  and  simplicity,  utility,  and  common  sense 
should  take  the  place  of  the  excessive  ornamentation  with  which  much  of  the 

modem  type  of  furniture  is  over-laden,  to  the  detriment  of  health  and  the  loss 

of  money.  There  is  no  reason  why  we  should  "  convert  our  homes  into  pest- 
hoos^  by  a  style  of  furnishing  which  renders  accumulations  of  filth  not  only  likely 

but  positively  inevitable.^' 
It  may  be  said  that  curtains  tend  to  the  comfort  and  warmth  of  a  room,  and 

therefore  cannot  be  done  away  with.  If  they  must  be  used,  let  them  hang  straight 

down  in  natural  folds  from  a  light  painted  iron  or  brass  rod,  and  not  be  "  draped  " 
or  **  looped  "up  so  as  to  form  lodgment  spaces  for  dust  When  pulled  across  the 
window  they  will  answer  all  the  purposes  of  keeping  out  light  and  draught,  and  can 

be  easily  brushed  down,  whereas  if  "  draped "  up,  a  portion  rests  upon  the  floor 
when  they  are  drawn  over  the  windows  at  night,  and  collects  and  retains  dust.  All 
fringes  and  valences  should  be  avoided  for  the  same  reason,  as  well  as  from  the  fact 

that  they  are  utterly  inartistic.  If  the  wall-space  be  divided,  and  the  upper  portion 
treated  with  painted  or  distemper  decoration,  and  the  woodwork  of  the  window 
treated  properly  as  a  framework  to  the  light  or  glass  surface,  curtains  will  only 
damage  the  artistic  effect,  by  cutting  up  and  interfering  with  the  ornament  and 

design  of  tho  frieze.  In  a  dining-room,  they  naturally  absorb  and  retain  the  smell 
of  food,  and  tend  to  make  the  room  stu£^  and  unhealthy;  and,  for  the  same 

reasons,  they  should  be,  as  far  as  possible,  avoided  in  the  sleeping-rooms  of  our 
house.  It  is  impossible  to  get  rid  of  the  smell  of  tobacco-smoke  in  any  room  where 
curtains  are  used,  as  after  a  time  the  material  of  which  they  are  made  becomes 

practically  saturated,  and  the  stale,  -unwholesome  smell  becomes  almost  as  bad  and 
unbearable  as  that  which  all  travellers  must  have  noticed  in  the  smoking  carriages 
of  railways  where  they  are  lined  with  cloth  or  other  absorbent  material.  It  is  not 
necessary  that  the  architrave,  or  enframing  moulding  of  the  windows,  should  be  left 
perfectly   straight :    the   upper  portion   may   have   some   small    central   designed 
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ornament,  or  the  decoration  above  the  moulding  may  be  so  treated  aa  to  take  off 
from  the  square  effect  of  the  opening. 

Glean  out  as  often  as  possible  every  room  and  every  cupboard  in  the  house,  give 

away  anything  that  is  fit  to  give  away,  which  may  no  longer  be  required  by  your- 
selves, and  bum  or  destroy  all  other  litter  and  lumber,  which  are  only  resting-places 

for  dirt  and  dus^  and  living  impurities  which  grow  out  of  dirt  and  dusU 
The  National  Health  Society  ia  doing  good  work  in  promoting  all  matters  which 

tend  to  improve  the  sanitation  of  our  dwellings,  and  although  the  following  remarks 
on  the  removal  of  dust  may  not  strictly  come  within  the  limits  of  tliis  article,  yet 
the  nuisance  and  damage  caused  to  our  rooms  and  evei7thing  within  them  by  the 

weekly  siirring-up  or  ̂'  removal "  of  the  refuse  and  ashes  from  the  dust-bin  is  so 
serious,  that  I  do  not  hesitate  to  insert  here,  and  heartily  endorse,  a  suggestion 

of  Mra  Priestley's  for  rendering  this  weekly  scourge  as  small  a  nuisance  as  possible. 
Who  has  not  expeiienced  the  nuisance  which  Mrs.  Priestley,  describes,  in  tlie 
heat  of  summer,  when  doors  and  windows  are  open,  of  the  nauseous  odours  which 

rise  up  from  the  cellar  or  out  of  a  dustrbin,  into  which  '^  everything  filthy  and 

decomposing  is  thrown^  and  allowed  to  lie  unheeded,"  only  to  be  aggravated  by  its 
weekly  or  bi-weekly  stirring-up  and  removal,  when  the  dust  and  filth  are  scattered 
broadcast  ever3rwhere,  and  in  its  descent  to  the  dust-cart  sends  up  a  stream  of  foul 
dusty  vapour,  which  is  blown  into  the  house,  to  the  manifold  detriment  of  everything 
with  which  it  comes  in  contact,  and  of  our  own  bodily  comfort  and  health  ?  Mra 
Priestley  suggests  that  this  derious  evU  can  be  reduced  to  a  minimum  by  doing  away 

entirely  with  all  dust-bins,  and  substituting  open-mouthed  sacks  hung  up  in  one 
of  the  area  cellars  by  means  of  small  hooks  across  two  light  iron  rods  fixed  parallel, 

about  twelve  inches  apart.  Into  these  sacks  the  serv^ants  can  readily  empty  the 
dust  and  ashes,  and  the  dustman  has  simply  to  loep  up  the  sacks  when  full  and 
carry  them  to  his  cart,  with  comfort  to  himself  and  every  one  concerned.  The  man 

himself  is  thankful  to  be  saved  from  the  dust-vapour,  which  compasses  him  in  eveiy 
way  under  the  old  system  and  seriously  affects  his  health,  and  is  glad  to  take  the 

slight  extra  trouble  i-equisite  in  returning  the  sacks — of  which,  of  course,  two  sets 
must  be  pro\ided.  The  sacks  can  be  obtained  for  2s.  each,  and  the  rods  can  be  fitted 
up  at  a  trifling  cost.  The  London  vestries  will  do  well  to  urge  the  general  adoption 

of  Mrs.  Priestley's  valuable  suggestion  for  remedying  a  very  serious  nuisance  and 
evil.  The  kitchen  refuse  can  be  kept  in  a  large  covered  pail  and  removed  eveiy 
day,  for  if  kept  and  allowed  to  decompose  it  must  inevitably  breed  disease  and 
discomfort 
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CHAPTEE.  XXXV. 

ARSENIC     IN    WALL-PAPERS    AND     PAINTS. 

By  Malcolm  Morbis,  F.R.C.S.E. 

General  Adulteration — ^Anenic  Prohibited  Abroad — ^Arsenioal  Foiaoning  an  Aottial  Fact  —Difficulty  of 
Proof  in  some  cases— Nature  and  Extent  of  the  Evidence — Simple  Test  for  Arsenic. 

John  Bunyan,  in  his  •*  Holy  War,"  which  Macaulay  has  eulogised  as  a  "  miracle  of 
genius,"  has  depicted,  in  quaint  but  graphic  language^  the  assault  and  capture  of  the 
once  flourishing  town  of  Mansoul.  We  are  told  that  of  the  besieged  garrison  the 
first  to  be  disposed  of  was  one  Captain  Resistance,  who  succumbed  to  a  shaft  from 
the  bow  of  Tisiphone,  and  that^  deprived  of  his  services,  the  town  shortly  after 
surrendered  to  the  victorious  Diabolus. 

The  sequel  is  a  gloomy  picture.  The  town  speedily  yields  itself  a  prey  to 
artifice  and  deceit,  and  under  the  reign  of  the  tyrant  loses  all  trace  of  its  former 

purity  and  peaca  K  the  "  indulgent "  reader,  as  it  was  once  the  fiashion  to  style 
him,  will  not  be  too  hypercritical,  I  think  this  grand  old  allegory  may,  with  a  little 
adaptation,  be  made  to  illustrate  the  present  condition  of  one  of  the  not  least 
important  questions  affecting  the  welfare  of  the  community  :  viz..  Adulteration. 

If  for  "  Resistance  "  we  read  Self-preservation;  for  **  Tisiphone's  Shaft,**  Inertness; 
for  "  Artifice  and  Deceit,"  Adulteration  and  all  occult  noxious  influences ;  for  ''Dia- 

bolus,*' the  enemy  of  souls,  Disease,  the  enemy  of  bodies ;  for  "  Purity  and  Peace,'* 
Physical  Health  and  Happiness ;  and  for  "  Mansoul/*  England — I  do  not  think  we 
shall  be  much  overstating  the  gravity  of  the  situation. 

To  drop  metaphor  and  come  to  the  point :  Is  not  the  national  life  being  sapped 
by  the  wholesale  trafiic  in  adulteration,  and  by  the  toleration  of  remediable  evils  of 
all  sorts?  To  the  latter  I  shall  have  more  particularly  to  refer  presently.  But  in 
the  first  place,  I  would  ask,  with  all  earnestness,  What  does  it  avail  us  to  have 

"Our  Homes"  healthy,  if  the  food  we  eat  be  robbed  of  its  life-sustaining 
properties  1  Our  legislators  awoke,  in  a  measure,  to  the  gravity  of  the  con- 

sideration in  1875,  when  an  Act  was  passed  making  the  adulteration  of  food  a 
penal  offence.  But  this  did  no  more  than  touch  the  fringe  of  the  great  ques- 

tions of  hygienic  refonn.  We  must  literally  look  nearer  home,  the  English- 

man's boasted  castle,  and  see  what  legislation  has  done  for  that.  What  have 
the  sanitary  inspectors  done  1  Here  is  a  little  rule-of -three  sum :  If  a  prince  for 
the  outlay  of  about  £40,000  obtain  a  house  that  is  practically  little  better  than 

an  ornamental  sewer-gas  factory,  what  sort  of  pest-house  may  one  expect  to  rent 
at  from  £50  to  £100  per  annum  1  And  here  is  another:  If  adulteration  of 

food,  hedgtd  about  as  it  is  with  stringent  laws,  thrives — ^as  it  assuredly  does — ^in 
spite  of  the  periodical  prosecutions  one  reads  of  from  time  to  time  in  the  press, 
what,  think  you,  is  likely  to  be  the  extent  of  similar  mischief,  in  a  branch  of  the 
same  business  with  which  the  law  does  not  meddle]  I  refer  to  the  wholesale 

poisoning  of  articles  of  dress,  wall-papers,  paints,  <&&,  which  more  immediately 

afiecta  the  question  of  **  Our  Homes,  and  how  to  make  them  Healthy." 
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It  is  almost  inconceivable  that  here  in  England,  where  so  much  has  been,  at  all 
events  attempted,  with  a  view  to  restricting  the  introduction  of  deleterioos 
ingredients  into  articles  of  food,  the  wholesale  employment  of  arsenic  in  tlie 

colouring  of  many  descriptions  of  wearing  apparel  and  household  iumiture  should 
be  recognised  and  tolerated. 

Prussia,  long  years  ago,  set  us  an  example,  by  prohibiting  the  sale  of  all  articles 
coloured  with  arsenical  pigmenta  Bavaria,  as  far  back  as  1845,  imposed  like 
restrictions.  France  will  not  permit  the  sale  of  arsenical  wall-papers.  Sweden,  in 
1879,  passed  a  stringent  decree  against  them.  But  England,  as  yet,  has  proved  a 
far  too  sacred  soil  for  any  such  radical  process.  The  fact  is,  we  do  not  as  a  nation 
take  kindly  to  {jatemal  government  We  like  to  think  and  act  for  ourselves,  and 
at  first  blush  it  does  look  as  if  by  discarding  arsenic  we  should  deprive  ourselves  of 
some  of  our  best  colours.  But  this  is  not  the  casa  .^krtlieticism  need  ̂ '  moult  no 

feather,''  for  although  within  my  knowledge  many  of  its  colours  contain  arsenic, 
it  is  by  no  means  an  essential  to  their  beauty. 

The  rejoinder  of  the  Protestant  to  the  Catholic  priest,  who  cynically  inquired 

where  his  religion  was  but  a  few  centuries  ago,  "  Where  was  your  fietoe  before  it  was 

washed  1 "  precisely  defines  my  views  with  regard  to  all  these  injurious  pigments. 
Manufacturers  are  not  dependent  on  deleterious  ingredients  by  any  means.  It  is 
well  known  that  the  most  beautiful  and  delicate  tints  can  be  produced  without 
employing  one  single  grain  of  arsenic.  Colours  the  most  chaste  and  perfect  existed 
before  ever  men  sought  for  arsenic.  We  adapt  ourselves  to  circumstances  very 

i-eadily.  The  proverbial  "  mother  of  invention  "  can  scarcely  be  more  propitiously 
invoked  than  to  aid  us  in  searching  for  that  which  shall  render  the  useful  and  the 

beautiful  alike  innocent  as  well  But  has  any  one  attempted  ̂ 'to  wash  the 

face,"  so  to  speak,  of  these  objectionable  pigments  t  Tea ;  and  saooessfuUy.  Firsts 
however,  before  mentioning  remedies,  let  me  endeavour  to  indicate  the  disease. 

And  I  will  begin  by  saying  that  danger  is  lurking  at  the  present  moment  un- 
suspected in  many  a  home,  and  that  it  is  no  uncommon  thing  for  men  and  toomen 

to  die,  poisoned  by  arsenic  in  a  vxdlpaper. 

The  reader's  smile  of  derision  can  be  imagined  as  he  reads  these  words.  He 
has  lived,  he  says,  for  years  with  his  walls  hung  all  over  with  the  brightest  of 
greens,  and  yet  he  is  aUve.  WeU,  that  we  will  not  be  so  metaphysical  as  to  doubt 
And  he  is  in  good  health,  for  aught  he  knows.  But  if  ever  he  should  be  ill,  let 

us  remind  him  that  he  will  suspect  none  but  known  causes.  like  Hotspur's 
wife,  ̂ 'you  cannot  utter  what  you  do  not  know."  Our  knowledge  is  very 
limited,  even  now — the  physician's  as  well  as  the  patient's.  What^  then,  if  the 
cause  he  seeks  whereby  to  account  for  his  ill-health  should  lie  outside  the  domain 

of  intuitive  domestic  economy,  and  even  also  evade  his  doctor's  practised  eye) 
What  if  Nature,  our  great  schoolmistress^  who  teaches  us  wisely  by  littles  at  a  time, 

be  but  now  admitting  us  to  a  new  fact,  a  fresh  lesson  in  the  jurisprudence  of  self- 
preservation  1  Let  us  see  if  it  be  so.  And  since  all  we  know  to-day  was  once  new 
to  the  world,  let  us  be  very  careful  how  we  receive  her  tuition,  for  she  wastes  no 
words  on  us,  and  if  a  hint  be  aU  she  deigns  to  give,  let  us  be  grateful  even  for  that 

From  the  somewhat  obscure  nature  of  questions  of  this  kind,  it  is  very  difficult 
to  deal  with  them  in  an  attractive  or  popular  way.  Still,  the  point  to  which  we 
desire  to  direct  attention  is  of  such  vital  importance,  that  promin«noe  ought  to  be 

i 
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given  to  it  in  a  work  on  "  Our  Homes,  and  how  to  make  them  Healthy " ;  for 
surely  no  home  has  any  claim  to  be  considered  healthy  so  long  as  a  subtle  poison 
coats  its  walls  and  contaminates  its  air. 

First,  then,  it  behoves  us  to  examine  the  truth  of  the  assertion  that  people  suffer 
materially  in  health — sometimes  die — ^from  the  effects  of  arsenic  imported  into  wall- 

papers or  paints.  And  if  I  fail  to  prove  my  case  to  absolute  demonstration,  I  shall 
at  any  rate  be  able,  I  am  convinced,  to  adduce  such  sufficient  evidence  of  a  circum- 

stantial character  as  will  lead  my  readers  to  act  with  caution,  and  pending  fuller 
testimony — ^which  will  be  soon  given  to  the  world — to  shun,  as  they  would  a  fever 
infection,  all  articles  admittedly  containing  arsenic. 

One  question  will  be  asked  at  once :  How  am  I  to  distinguish  that  which 
is  dangerous,  from  that  which  is  harmless)  And  here  we  are  met  by  a 
difficulty.  There  ought  to  be  no  element  of  doubt  in  the  matter.  If  our  sanitary 
arrangements  were  on  a  par  even  with  our  system  of  police  (and  that  is  not  putting 
the  standard  very  high),  discrimination  ought  to  be  unnecessary.  A  mere  suspicion 
of  mischief  brewing,  the  apparent  intention  to  commit  a  felony,  justifies  a 
constable  in  apprehending  the  suspected  person,  and  a  magistrate,  if  need  be,  in 
consigning  him  to  prison,  prevention  being  considered  better  than  cure. 

Not  so  with  wholesale  poisoning.  Elach  sufferer  must  judge  for  himself,  and, 
worse  than  all,  when  the  iniquity  is  discovered  there  is  no  penalty  meted  out  for 
the  offence.  As  the  law  at  present  stands,  we  cannot  punish  the  poisoner,  nor  can 
we  prevent  his  disseminating  his  poison.     The  law  does  not  interfere. 

But  this  is  no  reason  why,  when  we  have  found  him  at  his  deadly  work,  we 
should  voluntarily  make  ourselves  his  victim&  Indeed,  some  of  the  manufacturers 
of  these  injurious  pigments,  counting  on  the  ignorance  that  exists  as  to  the  harm 
their  goods  are  working  in  the  community,  make  bold  to  acknowledge  the  admixture 
of  this  noxious  agent.  All  we  can  do  is  to  use  the  evidence — often  dearly  bought 
and  scantier,  it  may  be,  than  we  could  wish — ^which  tends  to  point  to  arsenic  as  the 
only  explanation  of  the  otherwise  mysterious  coincidences  that  occur  constantly  in 
connection  with  cases  which,  from  their  peculiarities^  have  baffled  all  other  solutions. 

There  are  a  certain  number  of  people — and  their  number  is  daily  increasing,  we 
find,  as  we  look  more  carefuUy  into  the  subject — who  suffer  chronically  from  ill- 
health  of  a  kind  most  difficult  to  describe ;  in  some  cases  trifling,  perhaps,  but  still 
chronic.  No  cause  at  all  is  assigned  to  their  ailments.  The  mischief  is  laid  at  the 
door  of  a  variety  of  tilings  having  nothing  whatever  to  do  with  it.  This  is  an 

^very-day  experience.  The  nature  of  a  man's  occupation  is  blamed,  or  over-work  is 
Haicl  to  be  at  the  root  of  the  morbid  condition  ;  anything,  in  fact,  but  the  real  source 
of  the  evil.  Change  of  air  is  recommended  as  a  remedy,  with  marked  beneficial 
results.  All  the  credit  is  given  to  the  bracing  air  of  the  place  visited  (justly, 
in  a  aenae),  and  to  the  rest  from  work  and  freedom  from  anxiety.  Nothing  is  said 
aLout  the  removal  from  a  special  condition  of  contaminated  air.  Of  course,  we  do 
not  pretend  that  all  cases  such  as  these  are  ascribable  to  arsenical  poisoning.  In 
these  times  of  fast  living  there  must  be  periods  of  relaxation.  But  what  we  want  to 

nrge,  and  that  strongly,  is  that  when  a  relapse  takes  place  after  the  return  home, 
and  some  of  the  now  well-understood  indications  occur  to  put  the  doctor  or  patient 

on  his  guard,  and  to  lead  to  the  suspicion  of  the  cause  we  have  named,  such  broad 
hints  should  not  be  lightly  set  aside. 
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The  only  safe  waj  to  test  the  question  is  for  the  patient  who  is  suffering  from  a 
more  or  less  chronic  disorder,  the  nature  of  which  Ib  doubtful,  to  submit  to  the 

experiment  of  alternately  living  in,  and  then  avoiding  for  a  period,  the  suspected 
room.  Should  the  symptoms  entirely  disappear,  or  even  greatly  improve,  while  he 
is  away  from,  and  re-appear  or  increase  in  severity  on  his  return  to^  the  room 
usually  occupied,  it  is  a  strong  argument  that  there  is  something  in  the  room 
which  produces  the  change. 

Well,  then,  let  us  see  what  are  the  symptoms  of  arsenical  poisoning  by  wall- 
papers, Sic,  Are  they  easy  to  recognise?  or  do  they  simulate  other  diseases] 

Undoubtedly  they  do ;  hence  the  difficulty.  Arsenic  is  largely  used,  and  has  long 
been  employed  internally  as  a  powerful  remedial  agent  in  ague  and  diseases  of  the 
skin,  and  in  some  cases  it  is  administered  with  good  effect  in  very  considerable 

quantities.  But  the  effects  of  an  over-dose  differ  materially  from  those  observable 
in  the  process  we  are  considering.  When  taken  intentionally,  it  is  a  well-known 
fact  among  doctors  that  individuals  can  acquire  the  habit  of  taking  large  doses  of 
arsenic  without  its  apparently  producing  any  effect.  And  before  we  proceed  to 

consider  the  various  groups  of  cases  of  well-authenticated  poisoning  by  wall-papers, 
it  will  assist  us  to  review  some  of  these  phases  of  its  action.  One  of  the  best 
examples  of  .its  free  and  unrestricted  application  occurs  among  the  Styrian 
peasants.  It  is  used  by  them  to  improve  their  personal  appearance,  and  also  to 
enable  them  to  breathe  better.  The  men  regard  it  affectionately,  much  as  we  do 
tobacco — ^not  as  a  narcotic,  however,  for  it  is  not  that — ^but  rather  for  its  tonic 
properties.  They  think  it  increases  their  strength,  assuages  their  troubles,  and 
makes  them  capable  of  carrying  heavy  loads  at  high  altitudes  without  fatigue.  As 
much  as  four  grains  has  been  known  to  be  consumed  by  one  of  them  at  a  dose. 
The  women,  too,  employ  it  to  give  brightness  to  their  complexions.  So  that  it  Is 
credited  with  the  powers  of  conferring  both  strength  and  beauty. 

In  England  it  is  given  to  improve  the  appetite  of  the  horse,  and  render  his  coat 
sleek  and  glossy.  It  was  so  employed  by  a  groom  at  Balham,  and  the  coincidence 
of  his  master  dying  from  poison  at  first  led  to  curious  complications. 

When  given  as  a  medicine,  arsenic  acts  as  an  important  nervine  tonic.  Its 
action  is  well  known,  so  that  physicians  administer  it  over  long  periods  and  in 
increasing  doses,  not  only  without  bad,  but  with  decidedly  good  results. 

These  are  facts  which  make  those  who  give  arsenic  as  a  remedy,  sceptical  when 
they  hear  it  asserted  that  even  a  comparatively  small  quantity  of  the  metal,  if 

mixed  with  the  pigments>  of  a  wall-paper,  or  forming  one  of  the  ingredients  of  a 
paint,  may  give  rise  to  serious  and  dangerous  symptoms  of  poisoning. 

As  a  rule,  the  first  sign  of  poisoning,  when  the  arsenic  is  taken  by  the  mouth,  is 
pain  at  the  pit  of  the  stomach,  which  becomes  worse  on  taking  food ;  then  the  eyes 
become  affected,  the  lids  swollen,  the  whites  appearing  inflamed  and  red.  There  is 
also  much  irritation  and  dimness  of  sight.  After  this,  if  the  poison  be  of  sufficient 

quantity,  graver  symptoms  arise.  Diarrhoea  sets  in,  accompanied  by  sickness, 
cough,  and  spitting  of  blood ;  the  hair  and  nails  fall  off,  and  finally  the  patient  sinks 
from  exhaustion. 

The  amoimt  of  arsenic  that  can  be  taken  by  an  individual  with  impunity  varies 
enormously.  Some  people  are  particularly  susceptible  to  its  use.  Then  again,  the 

too  i*apid  inci'ease  of  the  dose  has  much  to  do  with  disturbing  its  beneficial  action. 

i 
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From  want  of  care  in  prescribing,  it  has  come  to  be  considered  more  dangerous 
than  it  reallj  is  when  judiciously  handled,  and  has  obtained  the  ill  name  of  a 
cumulative  poison.  The  mucous  membrane,  upon  which  it  acts,  needs  to  be  steadily 
watched,  and  the  outer  coat  of  the  eye  gives  an  unfailing  indication  of  the  moment 

at  which  it  should  be  discontinued.  Of  course,  the  idiosyncrasies  and  peculiar  tem- 
peraments of  different  people  make  the  study  of  the  application  of  this,  as  of  many 

other  medicines,  very  difficult ;  and  just  as  they  are  susceptible  or  otherwise  to  its 
administration  in  one  form,  so  will  tliey  be  affected  by  it  in  another.  This  is  often 
overlooked.  People  have  frequently  told  me  that  they  themselves  live  in  rooms 
papered  with  palpably  arsenical  papers,  and  that  they  still  enjoy  good  health,  and 
do  not  intend  to  have  them  removed.  My  answer  to  this  is,  that  either  they 
do  not  occupy  any  particular  room  for  long  together,  or  they  belong  to  that  fortunate 
class  of  persons  who  can  take  arsenic  with  impunity.  To  give  an  instance,  it 
would  be  clearly  absurd  to  expect  that  a  sporting  man,  or  one  with  out-door  tastes, 
should  suffer  if  his  study  were  covered  with  the  brightest  of  bright  green 
papers.  If  he  were  to  visit  an  arsenic  factory  as  often,  he  would  take  no  harm. 
It  \a  those  who  live  in,  who  use  their  rooms,  who  ought  to  be  protected  from  what 

has  been  not  inaptly  termed  the  "  devil's  dust." 
The  most  dangerous  because  the  most  generally  used  preparation  employed  in 

wall-paper  printing  is  the  trioxide  of  arsenic.  We  find  it  largely  in  what  is  called 

"Scheele's  green."  Then  there  is  the  emerald-green,  an  aceto-arsenite  of  copper, 
for  producing  the  moro  delicate  tints,  while  aniline  dyes — the  red  especially — are 
indebted  mainly  to  arsenious  acid.  To  make  the  colour  adhere  to  the  surface,  size 
or  organic  matter  of  some  kind  is  introduced,  whether  it  be  used  to  stain  paper 
or  the  fibres  of  which  muslin  is  composed.  This  when  dry  cracks  and  peels  off 
witii  the  slightest  friction.  Besides  this,  some  of  the  more  potent  forms  of  arsenic 
are  very  volatile,  and  become  gaseous  at  a  very  low  temperature,  as  evidenced  by 
their  odour  and  yellowish  colour ;  and  though  the  ordinary  observer  may  not  detect 
the  vapours,  they  are  carried  and  diffused  by  the  motion  of  the  air  in  the  moist  warm 
dajs  of  summer,  and  stealthily  invade  the  skin  and  lungs  in  quantities  that  render 

them  very  potent  for  evil  'From  fourteen  to  seventeen  grains  have  been  found  in 
each  square  foot  of  arsenical  paper,  while  in  certain  papers  printed  with  a  peculiar 
pigment  no  less  than  fifty-nine  per  cent,  of  arsenious  acid  has  been  demonstrated. 

Dr.  Tidy  teUs  us  that  "volatility  and  virulency  usually  go  together.''  Now,  the 
decomposition  of  the  size  or  other  vehicle  for  the  colour  produces  a  gas,  known  as 

arBeniuretted  hydrogen,  which  is  quickly  absorbed  by  the  lungs  and  skin — even  more 
({oickly  than  the  dust — and  this  gas  is  a  most  deadly  poison. 

Then  again,  green  is  by  no  means  the  only  dangerous  colour ;  others  are 
fnUy  aa  harmful.  Blue,  mauve,  red,  and  brown  have  been  found  to  contain 

great  quantities  of  arsenic ;  even  the  delicate  French  greys  yield  it  very  considei*- 
ably.  In  fact^  paper-hangers  complain  of  more  discomfort  in  handling  these  grey 
papers  than  with  most  of  the  others.  A  farmer  in  Cambridgeshire  lost  three  of  his 
catUe  owing  to  their  having  eaten  some  green  paper  which  in  the  course  of  cleaning 
had  been  torn  from  the  walls  of  the  house  in  which  he  lived.  Surely  these  are  facts 
that  will  not  bear  trifling  with. 

Let  US  now  glance  at  the  evidence  that  has  recently  been  obtained  from  the 
best  and  most  trustworthy  sources. 

S8 
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Some  two  yoara  since  the  Medical  Societj  of  London  appointed  a  commiUee  to 

investigate  this  question.  The  committee  issued  a  series  of  questions  to  the  mem- 
bers of  the  medical  profession,  throughout  England,  and  in  reply  received  most 

satisfactory,  though  rather  startling  information ;  no  leas  than  one  hundred  cafics 
of  arsenical  poisoning,  of  what  may  be  called  a  domestic  kind,  being  fully  reported. 

Some  of  the  most  salient  points  of  these  I  will  quote  in  the  words  of  the  com- 

mittee's report : — 

Ca8B  I. — "  For  more  than  a  year,"  writen  a  practitioner  of  eminence,  "  my  own  wife  suffered 
reivMited  attacks  (one  of  great  severity)  of  enteritis.*  The  patient  was  in  the  habit  of  sitiing  the 
greater  part  of  the  day  in  a  room  papered  with  green  paper.  Without  any  reference  to  the  symp- 

toms, the  paper  was  accidentally  changed  to  another  colour.  It  was  noticed  by  me  afterwards 
that  the  symptoms  had  disappeared.  It  then  occurred  to  me  that  it  might  be  due  to  the  green 

pigment,  and  on  testing  a  piece  of  the  old  paper,  I  found  abundance  of  arsenic.'* 
Cabb  11. — A  physician  and  his  wife  suffered  from  conjunctivitis, f  and  from  nausea  after  food. 

On  the  arrival  of  a  relative,  who  soon  was  attacked  in  a  similar  manner,  the  cause  was  traced  to 
the  drawing-room  paper,  which  contained  arsenic. 

Cajbb  lu. — ^A  distinguifihed  consnlting  surgeon  lost  two  children  from  enteritia.  The  cause  of 
the  illness  was  a  mystery  until  after  their  death,  when  the  nursery-paper,  the  pattern  of  which 
was  a  f uchaia,  leaves  and  blossom  on  a  brown  ground,  was  found  to  contain  arsenic. 

Casb  IV. — ^A  medical  man  and  wife  suffered  from  headaches,  nausea,  and  conjunctivitis,  all  of 
which  were  worse  early  in  the  morning.  The  symptoms  abated  when  the  bed-room  paper  was  re- 

moved.   It  contained  arsenic. 

Casi  v. — ^A  Borgeon  suffered  severely  for  several  days  from  extreme  depression,  diarrhoea, 
griping,  and  asthma  at  night ;  and  his  wife  some  days  afterwards  being  affected  with  simiUi 
symptoms,  the  paint  of  the  sitting-room  was  suspected  by  the  physician  in  attendance.  It  was 
found  to  contain  a  large  quantity  of  arsenic. 

Case  vi. — ^A  consulting  physician  had  a  severe  attack  of  enteritis,  with  hsBmotrhage  and  great 
prostration.  All  the  symptoms  disappeared  on  the  removal  of  the  paper  of  his  study.  It  contained 
a  large  amount  of  arsenic. 

Oasb  VII. — ^A  physician,  in  reporting  his  own  case,  says  he  had  "  intense  cephalalgia,  J  con- 
junctivitis, with  intolerance  of  light,  great  depression,  loss  of  appetite,  with  gastric  irritation- 

worse  when  uong  the  study,  the  wall-paper  of  which  contained  arsenic" 
Cabb  vni. — ^A  physician  says  he  suffered  from  griping,  constipation,  and  headache  for  more 

than  two  years.  He  noticed  that  the  symptoms  were  worse  on  entering  the  dining-room  in  the 
morning,  after  it  had  been  closed  during  the  night.  "  I  soon  recovered  on  the  removal  of  the 
cause."    The  dining-room  paper  contained  arsenic. 

Case  ix. — ^A  consulting  physician  and  his  wife  both  suffered  from  reetleesness,  loss  of  sleep, 
malaise,  and  headache.  The  symptoms  lasted  a  fortnight,  but  disappeared  when  the  bed-room 
paper  was  removed.    This  was  proved  to  contain  arsenic. 

Casb  x. — ^A  surgeon  says  that  his  wife,  child,  and  himself  had  irritable  cough,  accompanied  by 
wakefulness,  restlessness  during  sleep,  and  irritation  of  the  eyelids.  All  the  symptoms  disappeared 
in  a  week  or  ten  days  after  the  removal  of  the  bed-room  paper,  which  contained  arsenic 

Among  the  chief  other  cases  reported,  diarrhoea,  nausea,  and  inteatinal  mischief  occurred  in 

thirty-five ;  severe  depression  in  sixteen ;  conjunctivitis  in  nineteen ;  and  cough,  asthma,  &c,  in 
nine.  Several  instances  of  external  irritation  are  mentioned,  such  as  ecs^ma}  from  stockinga  and 
gloves,  conjunctivitis  from  tulle  dresses,  eczema  of  the  head  from  artificial  flowers,  &c 

It  should  be  remarked  that  the  foregoing  statements  have  not  emanated  by  any  means  ex- 
clusively from  men  having  preconceived  notions  of  the  value  of  careful  investigation  in  such  or- 

cumstances.  On  the  contrary',  the  conclusions  arrived  at  by  them  have  been  forced  upon  their 
acceptance  by  stem  necessity  as  the  only  solution  of  an  enigma,  and  in  many  cases  in  direct 
opposition  to  their  owii  d  priori  judgment  and  previous  opinions.  They  are  men,  many  of  them* 
standing  high  in  the  profession,  whose  opinions  should  carry  weight  with  their  colleagues ;  and  it 

*  Inflammation  of  the  bowels.  t  Inflammation  of  the  eye.  t  Headache. 
I  Inflammation  of  the  skin. 
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follows  that  if  only  after  much  carefol  watching,  and  by  a  process  of  exhaustion  or  exclusion, 
they  were  able  to  determine  the  real  soorces  of  the  eyil,  there  must  be  a  vast  amount  of  infor- 

mation yet  to  be  obtained  when  time  and  a  better  knowledge  of  this  subtle  poison  and  its  workings 
shall  haye  brought  the  profession  to  unite  their  efforts  to  sift  and  study  the  matter.  As  an  illus- 
tntion  of  the  difficulty  of  tracing  the  symptoms  to  their  actual  source,  no  stronger  fact  could  be 
adduced  than  that  so  large  a  percentage  of  the  patients  were  Hving  in  the  houses  of  the  medical 
men  themselyes,  and  thus  directly  and  constantly  under  their  scrutiny.  This  seems  to  indicate 
that  exceptional  fadlitieB  are  necessary  to  the  discovery  of  the  evil.  Not  only  must  the  symp- 

toms be  watched  and  tested,  but  every  article  that  suggests  an  explanation  must  be  suspected. 
The  occurrence  and  recurrence  of  the  mischief  under  certain  conditions  will  often  lead  to  its 

detection*  But  as  aU  these  precautions  involve  much  labour  and  assiduous  attention,  it  is  too 
much  to  e:^ect  them  to  be  employed  except  by  such  as  possess  both  the  knowledge  and  the 
determination  necessary  to  support  them  in  their  search,  and  make  up  their  minds  not  to  be 
baffled  with  a  somewhat  impalpable  antagonist. 

It  will  have  been  seen  that  plenty  of  other  articles  besides  wall-papers  are 
heavily  charged  witli  arsenical  compounds.  In  the  medical  report  from  which  I 

have  quoted,  thirty-six  medical  men  attest  to  having  traced  cases  of  poisoning  to 
arBenical  paper,  and  five  to  paint,  while  very  many  more  have  detected  the  poison 

in  stockings,  wearing  apparel,  artificial  flowers,  bedsteads,  and  toys.  It  is  gratify- 
ing to  find  that  while  some  wall-paper  manufacturers  are  using  tons  of  arsenic  per 

week  in  the  production  of  colours,  others  are,  with  laudable  motives,  endeavouring 
to  counteract  the  baneful  practice  by  excluding  from  their  factories  every  vestige 
of  araenic :  in  lact,  buying  no  colours  for  use  in  printing  without  a  guarantee  that 
they  are  perfectly  free  from  every  taint  of  the  dangerous  metaL 

Such  firms  would  gladly  co-operate  with  those  members  of  the  medical  profession 
who,  being  conversant  with  the  wide-spread  evil  that  is  being  done,  desire  to  see 
restriction  p]aced.upon  the  employment  of  arsenical  pigments  in  every  shape.  In 
conclusion  then,  I  would  ask.  Has  not  the  time  arrived  when  some  such  movement 
should  be  initiated  with  a  view  to  making  it  compulsory  that  such  artides  should,  at 
all  events,  be  advertised  as  containing  deleterious  matter,  in  order  that  purchasers  may 
be  made  aware  of  the  danger  they  are  incurring  in  their  use  ?  And  if  my  humble 

efforts  should  be  iostrumental  in  moving  some  influential  and  public-spirited  persons 
to  direct  the  attention  of  the  Legislature  to  the  question,  and  so  to  bring  about  the 
much-needed  reform,  I  shall  not  have  written  in  vain.  The  thanks  of  all  sanitary 
reformers  are  due  to  the  noble  energy  and  the  painstaking  work  of  Mr.  Henry  Oarr, 
who  has  done  much  to  call  attention  to  this  question.  Those  who  are  interested 

will  do  well  to  read  his  little  but  important  book  on  "  Our  Domestic  Poisons."  To 
it  and  to  Mr.  Hogg's  monograph  I  am  indebted  for  much  information,  which  I 
gratefully  acknowledge. 

It  has  occurred  to  me  that^  pending  some  definite  legislation,  it  might  be  well  to 
provide  some  easy  test  whereby  those  interested  in  the  question  could  detect  with 
certainty  the  presence  of  any  arsenic  in  a  suspected  article.  For  it  must  be 
remembered  that  a  mere  inquiry  of  builders,  vendors,  <Scc.,  would  inevitably  be  met 
by  a  comforting  assurance,  given  in  good  faith,  but  utterly  untrustworthy.  To  meet 

this  difficulty,  and  to  arrive  at  a  just  conclusion,  a  small  but  efficient  test  apparatus 
has  been  arranged,  which,  for  an  outlay  of  four  shillings,  can  now  be  obtained  from 
John  J.  Griffin  &  Sons,  22,  Garrick  Street^  London,  W.C.  It  consists  of  a  wooden 

case,  a  wire-ring  support,  test-tube,  lamp,  pieces  of  sheet  copper,  and  a  piece 
of  platinum  wire. 



tHBTRUCTIOHB  FOB  TBB  USB  Or  THE   J 

From  the  paper  to  be  tested  cut  a  piece  four  inches  square,  or  if  any  porticnlar 

colour  be  BUHjtected,  cut  this  colour  in  sufBcieat  qu&ntity  to  make  up  the  above  Bii& 

I«t  the  portion  to  be  tested  be  cut  up  into  small  pieces.     Fix  the  wire  support  in 

the  hole  on  the  end  of  the  cue  ;  place  the  test-tube  in  the  ring  ;  pat  the  paper  into 
the  tube ;  add  water  till  half  full,  then  one  tea-spoonful  of  hydrochloric  acid  (a 

glass  measure  or  silver  spoon  should  be  used) ;  light  the  lamp,  moderate  the  fisme, 

and  place  it  underneath  the  test-tube.     Take  one  of  the  coppers — if  it  is  tamiehed 
brighten  it  with  a  piece  of  glass-paper — pass  the  platinum  wire  through  the  small 

hole,  and  as  aocm  as  the  fluid  boils,  insert  the  copper,  noting  the  exact  time,  and 
lowering  the  flame  of  the  lamp  so  as  tc 
maintain  a  gentle  simmering  only.     By 
means  of  the  platinum  wire  the  copper 
can  be    drawn  out  and    examined  from 
time  to  time  as  ihe  test  proceeds. 

If  there  be  much  arsenic  present  the 
copper  will  be  coated  almost  immediately 
with  a  black  or  dark  steel  colour ;  if  lea 

1  arsenic  be  present  a  longer  time  will  be 
reqiiired,  varying  from  half  a  minute  to  at 
most  half  an  hour.  If  the  copper  be  not  , 
coated  all  over  in  that  time  the  paper  may 

be  accepted,  the  cases  being  rsre  in  which 
this  process  does  not  detect  the  arsenic 
A  mere  tarnish  or  slight  discolouration  of 

Fig  ISCL— Tot  (or  ArwBie.  ^^  copper  must  not  be  accepted  as  an 
indication  of  an  arsenical  paper  The 

colour  of  copper  must  be  obliterated  entirely  all  over  to  constitute  on  arwnicsl 
coating.  If  the  copper  be  coated  the  paper  is,  in  all  jHvbabili^,  aisenica),  though 
the  process  carried  thus  far  does  not  absolutely  prove  the  presence  of  arsenic ;  the 
exceptions,  however,  where  the  copper  is  coated  and  arsenic  not  present,  are  rare. 
No  paper  which  coats  the  copper  should  on  any  account  be  used,  unless  further 
tested  by  a  profesuoual  chemist  or  medical  man. 

The  purity  of  the  copper  and  acid  supplied  with  this  apparatus  I^  Messra 
Oriffin  may  be  relied  upon,  but  if  further  supplies  be  obtained  elsewhere  they  must 
be  tested  by  boiling  for  half  on  hour  as  above  described,  but  witiiout  any  paper. 
If  the  copper  then  becomes  coated  at  all,  the  materials  are  not  pure,  and  must  be 
rejected.     Platinum  wire  must  alone  be  used  attached  to  the  copper. 
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CHAPTER   XXXVI 

PHYSICAL   NATURE  AND   PHTfilOLOOICAL   EFFECTS   OF   LIGHT   AND   COLOUR. 

light  ooiudBtB  of  Ether  Waves — ^Befraotion— The  Speotrum — ^Different  Wave-Lengths  prodnoe 
Different  Goloiin— The  Ck>loan  of  Bodies — Scattered  Beflection — Seleotive  Absorption — 
FluoreBcence — Complementary  Colours— Physiological  Effects  of  Different  Colours,  and  of 
Light  generally— Testimony  gI  Miss  Nightingale. 

The  chief  purpose  of  domestic  lighting,  whether  by  the  admission  and  due  regu- 
lation of  solar  light,  or  by  the  employment  of  one  or  more  of  the  artificial 

substitutes  for  it,  is  to  display  the  forms  and  colours  of  the  objects  contained 
within  the  house;  and  the  proper  fulfilment  of  this  purpose  is  of  primary 
importance  to  the  comfort,  the  health,  and  the  capacity  for  working  of  at  least 
a  large  proportion  of  the  inmates.  Notwithstanding  this,  I  fear  that  I  incur  no 
risk  of  contradiction  when  I  say  that  the  question  is  one  which  has  not  received  a 
due  amount  of  consideration  from  architects;  who,  in  the  great  majority  of 
instances,  appear  to  plan  their  window  openings  almost  entirely  with  reference 
to  effect  as  seen  from  without,  and  certainly  with  very  little  regard  either  to  the 
uses  to  which  the  interiors  are  to  be  applied,  or  to  the  proper  incidence  of  light 
upon  the  eyes,  or  to  the  occupations  which  are  to  be  carried  on  within  the  walls. 

In  order  to  understand  the  principles  by  which  either  natural  or  artificial  illu- 
mination should  be  governed,  it  is  necessary  to  possess  some  elementary  knowledge 

of  the  nature  of  light  itself,  and  of  the  physical  changes  or  movements  which  are 
concerned  in  the  production  of  visibility. 

The  researches  of  philosophers  have  led  them  to  the  conclusion  that  the  world  in 
which  we  live,  and  the  vast  spaces  of  the  stellar  heavens,  are  occupied  and  pervaded 
by  an  infinitely  subtle  fluid,  called  the  luminif erous  ether,  which  is  thrown  into  a  state 
of  molecular  vibration  by  force  communicated  to  it  by  the  sun  of  our  system,  and 

by  other  self-luminous  bodies  in  the  universe.  These  other  self-luminous  bodies,  as 
&r  as  their  effect  upon  this  planet  is  concerned,  are  of  so  little  significance  that  they 
may  be  disregarded,  and  we  may  think  only  of  the  vibrations  which  originate  in  the 
sun.  These  throw  the  ether  into  wave  movement,  in  a  fashion  of  which  the  waves  of 
the  sea  furnish  an  enormously  magnified  example ;  and  it  has  been  ascertained  that 
each  ether  particle,  like  each  water  particle,  rises  and  falls,  or  sways  to  and  fro,  in  its 
own  position,  transmitting  the  movement  which  it  has  received,  but  not  otherwise 
changing  its  place.  Tlie  wave  proceeds  continuously ;  the  ether  remains  where  it 
was.  llie  waves  of  ether,  like  the  waves  of  the  sea,  present  marked  differences  of 
length,  of    magnitude,  and  of  rapidity  of   succession;   and  they  are  liable  to  be 
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broken  up,  altered,  and  changed  from  their  original  directions^  by  clashing  against 
one  another,  or  bj  meeting  with  physical  obstacles  of  various  kinds. 

The  general  effect  of  wave  movement  is  to  spread  in  a  circle  from  its  point  of 
origin,  like  the  ripples  which  are  produced  when  a  stone  is  cast  into  still  water ;  and 
hence  it  follows  that  the  direction  of  such  movement  is  at  right  angles  to  the  wave 
crests,  and  may  be  exhibited  by  a  series  of  lines  drawn  from  the  centre  to  all  points 
of  the  circumference  of  the  circle.  In  tracing  the  course  of  light,  we  may  disreganl 
the  waves,  and  may  think  only  of  a  force  which  is  continually  propagated  in  straight 
lines  from  its  point  of  origin,  and  which  is  therefore  diffused  equally  in  all  directions. 
Two  equal  surfaces,  at  equal  distances  from  the  same  source  of  light,  and  separated 
from  it  by  the  same  intervening  matter,  will  receive  precisely  an  equal  amount  of 
Ulumination. 

In  the  assumed  emptiness  of  stellar  space,  the  vibrations  of  the  ether  are  of 
almost  inconceivable  rapidity ;  but  they  become  somewhat  retarded  in  their  passage 
through  the  atmosphere,  and  more  retarded  still  in  their  passage  through  the  many 

media  of  greater  density  which  they  encounter  upon  the  eurth's  surface.  The 
molecular  constitution  of  these  media,  and  the  relations  borne  by  the  intermolecular 
ether  to  their  molecules,  are  such  as  to  produce  great  differences  in  tiie  readiness 

with  which  vibrations  are  transmitted  through  their  substance;  In  some  the  trans- 
mission is  very  considerable,  and  such  are  said  to  be  transparent ;  while  in  others 

the  vibrations  are  arrested,  or  repelled,  or  forced  to  assume  new  forms,  and  these  are 
said  to  be  opaque.  There  is  no  such  thing  as  complete  transparency  or  complete 
opacity,  the  light  being  in  every  case  diminished  as  it  enters  a  new  medium,  partly 
by  being  turned  back  from  its  surface,  partly  by  being  turned  back  from  its  deeper 
portions,  and  partly  by  being  arrested  or  converted  into  other  forms  of  force  within 
its  mass ;  while  even  a  substance  so  opaque  as  gold,  when  beaten  into  thin  leaf, 
permits  the  passage  of  a  portion  of  the  light  which  it  receives. 

The  retardation  of  the  speed  of  ether  waves,  when  entering  a  more  resisting 
substance,  ia  not  sufficient  to  be  measurable  by  instruments  when  the  new  surface 
is  at  right  angles  to  the  line  of  advance.  The  whole  ridge  of  the  wave  comes  at 
once  into  contact  with  the  new  material,  and  enters  into  its  substance  simultaneously. 

But  if  the  surface  of  the  new  material  be  presented  to  the  wave  in  an  oblique  direc- 
tion, so  that  one  extremity  of  a  wave  reaches  it  before  the  other,  the  former 

extremity  is  retarded  or  checked  before  the  other,  and  the  wave  as  a  whole  is  noade 
to  execute  a  movement  which  may  be  described  as  wheeling  upon  one  of  its 
extremities.  The  effect  of  this  is  that  the  wave  is  forced  into  an  altered  direction, 

so  that  the  light  no  longer  travels  in  a  straight  line  from  its  origin,  but  is  re- 
fracted, or  bent  out  of  its  course.  A  similar  effect  is  produced,  but  with  a  bend  in 

an  opposite  direction,  if  the  new  medium  affords  less  resistance  than  the  original 
one. 

If  a  circular  or  slit-like  opening  be  made  in  the  window  shutter  of  a  darkened 
room,  upon  the  window  of  which  the  sun  is  shining,  a  rod  or  band  of  white  light 
will  pass  through  the  opening,  and  will  become  apparent  as  a  bright  spot  or  line 
upon  a  screen  suitably  placed  to  receive  it.  If  a  prism  of  glass  or  other  trans- 

parent medium,  more  resistant  to  wave  movement  than  the  atmosphere,  ia  now 
placed  in  the  path  of  the  light,  the  latter,  falling  obliquely  upon  the  sur£iEu:es  of  the 
prism,  will  be  refracted,  or  bent  out  of  its  course,  at  both  these  surfaces,  on  entering 
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the  more  refOBtant  medimn,  and  again  on  leaving  it.  and  will  appear  upon  the  screen 
in  a  new  position.  It  will  also  appear  in  an  entirely  altered  aspect;  for,  inasmuch 
as  the  whole  beam,  as  already  stated,  is  composed  of  a  mixture  of  waves  of 
different  sizes  and  rates  of  vibration,  these  will  be  influenced  in  different  degrees. 
Those  of  the  greatest  length  will  be  less  bent  than  others ;  and  the  effect  of  the 
pnsm  is,  therefore,  to  spread  out  the  original  spot  or  line  of  light  into  a  band, 

the  least  refrangible  or  slowest-moving  portions  of  which  are  less,  and  the  most 
refrangible  or  quickest-moving  portions  of  which  are  more,  diverted  from  the  track 
i^hich  was  previously  common  to  them  all.  The  luminous  band  thus  thrown  upon 
the  screen  is  called  the  prismatic  spectrum. 

The  part  of  this  spectrum  which  impresses  the  sense  of  sight,  and  is  thus  said  to 
be  visible,  exhibits  a  succession  of  vertical  bands  of  colour,  which  were  described 

by  Newton,  who  discovered  them,  as  being  red,  orange,  yellow,  green,  blue,  indigo, 
and  violetw  The  red  is  formed  by  the  least  refrangible  rays,  which  possess  the 

greatest  wave-length ;  the  violet  by  the  most  refrangible,  which  possess  the  smallest 
wave-length.  Newton  also  found  that^  by  employing  a  second  prism  to  reverse  the 
action  of  llie  first,  he  could  re-combine  the  spectrum  into  a  spot  of  white  light ;  and 
he  thus  determined  that  solar  light  is  a  mixture,  the  whiteness  of  which  is  due  to 
the  proportions  of  its  ingredients. 

Newton's  first  impression  Was  that  the  seven  colours  of  the  spectrum  were  aU 
pure,  or,  as  it  was  said,  primary;  but  more  careful  subsequent  examination  has 
shown  that,  as  white  light  is  an  admixture  of  them  all,  so  four  of  the  prismatic 
colours  are  the  results  of  the  admixture,  by  overlapping,  of  the  adjacent  bands. 
There  was  for  a  time  much  difficulty  in  determining  which  of  the  seven  were  really 
primary;  but  the  claims  of  red,  green,  and  violet  are  now  well  established,  and 
orange,  yellow,  blue,  and  indigo  are  ascertained  to  be  mixtures.  It  is  also  ascertained 

tliat  beyond  the  visible  red  there  are  rays  of  still  greater  wave-length  and  less 
refrangibOity,  which  make  no  impression  upon  the  sense  of  sight,  but  are  sources  of 
heat ;  and  that  beyond  the  violet  there  are  other  invisible  rays  of  still  greater  refrangi- 
bility  and  still  smaller  wave-length,  which  are  potent  sources  of  chemical  activity. 
Sir  William  Grove  long  since  pointed  out  that  all  the  forms  of  physical  force  known 

to  US — as  motion,  lights  heat^  electricity,  magnetism,  and  chemical  affinity — are  trans- 
mutable  into  one  another ;  and  it  may  be  assumed  that  they  are  all  alike  the  effects 
of  molecular  vibration  originated  in  the  sun,  and  transmitted  to  us  through  the 
medium  of  the  ether.  The  long  slow  waves  beyond  the  visible  red  of  the  spectrum, 
which  produce  no  effect  upon  our  organs  of  vision,  because  these  are  not  so  con- 
!>tnicted  as  to  vibrate  in  unison  with  them,  are,  no  doubt,  more  potent  sources  of  heat 
than  the  waves  of  greater  rapidity ;  and  the  small  very  rapid  waves  beyond  the 
visible  violet^  which  are  unseen  for  the  same  reason  as  those  at  the  other  end  of  the 
^^^ectrom,  are,  no  doubt,  more  potent  in  shaking  asunder  the  molecules  which  enter 
into  the  formation  of  chemical  compounds  than  waves  of  less  rapidity ;  but,  not- 

withstanding this,  both  heat  and  chemical  action  are  discoverable  effects  of  every 
portion  of  the  solar  beam. 

Oar  present  business,  however,  is  neither  with  the  heat-producing  nor  with  the 
<^)emical  effects  of  solar  rays,  but  only  with  the  coloured  or  visible  portion  of  the 
Fpectmm.  With  regard  to  this  portion,  the  fact  which  chiefly  concerns  us  is  that 
light  waves  of  different  lengths  and  rapidities  produce  different  sensations,  to  which 
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we  give  the  name  of  oolonra ;  and  that  these  lenBationa  may  be  almost  infinit^T 

varied  by  varying  the  proportions  in  which  light  of  the  three  primary  wave- 
lengths is  intermingled,  and  in  which  this  coloured  light  is  mixed  with  white  light 

from  other  sources.  It  ia  important  to  remember  that  what  we  caU  colour  has  no 
real  existence  as  such,  but  is  merely  a  name  used  to  denote  the  impressions  made 
upon  the  eye  by  ether  vibrations  of  different  magnitudes. 

The  effect  of  a  mixture  of  different  wave-lengths  in  modifying  the  general 
movement  may  be  best  apprehended  by  studying  the  similar  effects  which,  upon  a 
lai^  scale,  are  constantly  to  be  witnessed  in  water.  The  waves  produced  by  a 
stone,  overtaking  and  mingling  with  those  produced  by  a  ripple  on  the  sur&oe,  may 
serve  to  show  that  the  result  of  the  two  movements  is  something  very  different  from 
either  of  them  when  taken  singly ;  and  it  is  the  result  of  similar  comminglings  of 
the  waves  of  light  which  is  presented  to  the  eyes  in  looking  at  surrounding  objects. 
It  is  at  first  somewhat  difficult  to  conceive  that  the  mere  blending  of  different 
quantities  or  proportions  of  the  sensations  which  we  call  red,  green,  violet,  and 
white,  can  produce  the  whole  of  the  diversified  tints  with  which  we  are  fiuniliar; 
but  this  difficulty  vanishes  when  we  remember  that  each  of  these  names  is  a  general 
expression  for  vibrations  which  are  so  nxinute  that  many  thousands  of  them  are 
required  to  cover  an  inch  of  length,  and  which  are  therefore  so  numerous  ihat^ 
regarding  each  vibration  as  a  constituent  unit  of  colour,  they  admit  of  an  infinite 
number  of  combinations.  In  round  numbers^  an  inch  of  length  will  contain  about 

thirty-five  thousand  waves  of  red,  about  fifty  thousand  of  green,  and  about  sixty- 
two  thousand  of  violet;  and  the  rapidity  with  which  these  waves  succeed  each 
other,  although  it  admits  of  being  written  down  in  figures,  is  such  that  these  figures 
can  scarcely  be  said  to  convey  any  real  conception  to  the  mind.  In  its  journey  from 
the  sun  to  the  earth,  light  travels  at  the  rate  of  186^000  miles  in  a  second.  In  this 
distance  there  are  11,784,960,000  inches;  and  even  in  red  light  there  are,  at  the 
lowest  computation,  33,866  waves  in  an  incL  It  follows  that»  in  looking  at  red 
light,  the  eye  receives  the  impact  of  no  leas  than  399,109,455,360,000  waves  in  every 
second  of  time.  In  looking  at  light  of  any  other  colour,  the  number  of  waves  per 
second  will  be  still  larger,  and  the  capacity  for  variation  is  evidently  one  to  which 
it  would  be  impossible  to  place  a  limit  We  may  form  some  notion  of  this  capacity 

if  we  remember  that,  according  to  Mr.  Procter,  the  fifteen  pieces  of  the  "  Boss " 
puzzle  will  admit  of  more  than  twenty-eight  millions  of  possible  positions. 

Even  in  the  case  of  bodies  of  the  greatest  known  transparency,  the  light  which 
they  receive  does  not  all  enter  into  their  substance,  but  is  in  part  reflected  or  turned 
back.  When  the  reflected  sur&ce  is  smooth,  the  light  fsJling  upon  it  is  reflected 
in  one  definite  direction,  which  is  expressed  by  saying  that  the  angle  of  reflection 
is  equal  to  the  angle  of  incidence,  and  that  the  incident  and  the  reflected  light  are 
in  the  same  plane.  The  reflection  is  like  that  of  a  billiard-ball  from  the  side 
cushion  against  which  it  strikea  When  the  surface  is  rough,  it  really  consists  of 

numerous  surfaces  in  close  juxtaposition,  with  their  fao&B  turned  in  various  direc- 
tions ;  and  hence,  although  the  law  of  reflection  remains  the  same,  the  light  is  sent 

in  a  like  number  of  directions,  and  is  scattered  as  regards 'the  observer  placed  at 
any  single  point  This  may  be  conveniently  illustrated  by  Fig.  181,  No&  1,  2,  3. 
Na  1  represents  the  mode  of  reflection  from  a  smooth  and  poUshed  surface,  like 
glass,  which  sends  all  the  rays  incident  from  the  same  source  in  the  same  direction. 
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Na  2  represents  a  slightly  roughened  surface,  like  paper,  in  which  some  of 
the  points  of  reflection  turn  the  light  one  way,  some  another,  and  the  reflected 

beam  is  no  longer  formed  of  parallel  rays.  They  are  scattered  about,  and  the  image 
they  fonn  is  confused  and  indistinct  Na  3  represents  a  rough  surface,  like 
doth,  by  which  the  incident  rays  are  scattered  in  every  direction,  so  that  no  image 

is  produced.  The  drawings  may  be  explained  by  the  following  experiment : — 

"  Place  a  lighted  lamp  upon  a  table,  and  lay  a  mirror  before  it,  and  you  can 

ig.  181.— Birucnoir  vbov  (1)  Polibhbp  Olass,  (2)  Papib,  (8)  Clotb. 

see  a  dear  and  distinct  reflection  of  the  lamp  and  the  flame  pictured  in  the  glass. 
Pat  a  sheet  of  white  paper  before  tlie  lamp,  and  you  can  see  only  a  confused  spot 
of  reflected  light  on  the  brightly  lighted  paper.  Lay  a  freshly  ironed  napkin  or 
handkerchief  before  the  lamp,  and  even  the  indistinct  spot  of  light  has  disappeared, 

and  the  white  doth  reflects  light  equally  from  every  part.*'* 
Of  the  whole  amount  of  solar  light  which  falls  upon  any  substance  at  a  given 

time^  a  certain  portion  is  reflected,  or  turned  back,  from  the  very  surface,  and  this 

•  lUcen  by  permisaioii  from  "  light :  a  Senea  of  Simple,  Entertaining,  and  Inexpenuve  Expert* 
menta.*'    By  A.  M.  Mayer  and  C.  Barnard.     Macmillan  and  Co. 
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portion,  which,  as  we  have  jnst  seen,  varies  in  amount  with  the  smoothness  of  the 

surface  as  well  as  with  the  nature  of  the  reflecting  suhstance,  is  always  white,  or  com- 
plete solar  light  Another  portion  may  pass  through  the  sabstance,  and  emeif^  on 

the  other  side,  altered  in  direction,  as  we  have  seen,  if  its  angle  of  incidence  is  not  a 
right  angla  A  third  portion  may  be  altogether  quenched  or  absorbed  within  the 
mass ;  the  physical  change  which  then  occurs  being  that  the  speed  of  the  waves  is 

retarded  until  they  can  no  longer  display  themselves  as  light.  They  become  con- 
verted into  heat  waves,  and,  when  finally  an-ested  within  the  substance,  they 

produce  elevation  of  its  temperature. 
Excepting  the  surface,  which,  as  stated  above,  always  reflects  white  light  in  its 

integrity,  or  the  same  admixture  of  wave-lengths  which  it  receives,  all  other 
portions  of  most  substances  have  some-  selective  affinity  for  waves  of  particular 
lengths,  and  arrest  or  turn  back  others.  When  we  say  that  a  piece  of  glass  is  red, 
we  mean  that  it  gives  free  passage  to  the  red  element  in  solar  light,  but  that  it  stops 
the  remaining  elements,  either  turning  them  back  or  arresting  and  converting  them 
into  heat  rays.  Hence,  when  we  look  through  it  we  receive  no  rays  but  those  of  the 

greatest  wave-length,  which  afiect  the  consciousness  in  the  manner  which  we 

describe  by  the  word  "  red."  When  we  say  that  a  piece  of  woven  stuff"  is  green* 
we  mean  l^at,  besides  the  white  light  which  falls  upon  it  and  is  reflected  from  its 
surface,  a  certain  further  amoimt  of  white  light  penetrates  somewhat  into  its 
substance,  and  is  reflected  back  from  its  deeper  layers,  leaving  in  them,  on  its 
backward  way,  the  red  and  violet  which  it  originally  contained.  The  resulting 
colour  is  compoimded  of  l^ese  two  distinct  sources  of  light,  and  the  appearance 
which  it  presents  difiers  according  to  the  greater  or  lesser  amount  of  white  light 
which  is  reflected  from  the  absolute  surface  to  mingle  with  the  green  coming  from 
the  deeper  portions  of  the  fabric.  Hence,  mainly,  the  difference  in  colour,  even  when 
dyed  by  the  same  substance,  between  a  surface  of  highly  reflecting  character,  such  as 
satin,  and  one  which  reflects  sparingly,  as  in  the  case  of  woollen  fabrics  generally. 

The  varieties  of  colour  which  we  see  around  us  depend,  therefore,  in  almost 
every  case,  upon  some  subtraction  from  the  white  light  furnished  by  the  sun  or 
by  some  secondary  source,  and  this  subtraction  is  usually  the  result  of  selective 
absorption  on  the  part  of  the  substance  on  which  light  falls,  and  which  is  said  to  be 
coloured.  Instead  of  transmitting  white  light  if  transparent,  or  instead  of  reflecting 
it  if  opaque,  it  retains  within  its  structure  waves  of  certain  periods  of  vibration, 
and  thus  transmits  or  reflects  an  altered  or  coloured  admixture.  This,  as  we  shall 

see  hereafter,  has  important  practical  bearings  upon  the  use  of  tinted  window  glass, 
as  well  as  upon  the  selection  of  coloured  shades  for  lamps. 

The  apparent  colours  of  objects  are  greatly  determined  by  the  colours  of  the 
illumination  which  they  receive.  If,  in  an  otherwise  darkened  room,  we  throw  the 
solar  spectrum  upon  a  screen,  and  then  hold  coloured  objects,  such  as  pieces  of 
ribbon,  first  in  one  band  of  colour  and  then  in  another,  the  ribbons  will  appear  dark 
or  black  in  certain  portions  of  the  spectrum,  and  illuminated  in  others.  A  red 
ribbon  held  in  the  red  band  reflects  nearly  all  the  light  which  falls  upon  it,  and 
appears  of  increased  vividness  ;  moved  into  the  green,  it  appears  absolutely  black, 
because  green  ribbon  absorbs  and  retains  all  red  light,  and  in  this  case  receives 
nothing  which  it  is  able  to  return.  A  piece  of  green  ribbon,  again,  will  shine 
brightly  in  the  green  band,  and  will  appear  black  in  the  red  one.     But  in  nearly 
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all  cases  in  which  objects  are  lighted  up  hj  one  prismatic  oolonr  in  nature,  they  are 
at  the  same  time  lighted  by  white  light  derived  from  other  sources,  so  that  the 
ultimate  effect  is  derived  from  a  combination  of  the  two  modes  of  illumination. 
A  familiar  example  of  this  is  often  afforded  on  a  summer  evening,  soon  after 

sunset,  when  there  is  a  cloudless  blue  sky  overhead,  and  rosy-tinted  clouds  near  the 
horizon.  The  blue  of  the  sky  depends  upon  the  presence  in  the  atmosphere  of 
innumerable  particles  of  almost  inconceivable  minuteness,  against  which  ̂ e  light 
waves  ripple  and  break,  and  which  reflect  the  blue  somewhat  in  excess;  while  the 
red  tints  of  sunset  are  due  to  the  interception  by  the  atmosphere  of  considerable 
portions  of  the  green  rays.  In  the  supposed  conditions,  such  flowers  as  the  red 
geranium  and  the  blue  lobelia,  lighted  up  by  the  abundant  red  and  violet  of  the 
horizontal  light,  display  their  colours  with  unusual  brilliancy;  while  the  bright 
geranium  leaves  or  the  blades  of  grass,  receiving  green  enough  in  the  white  light 
which  still  falls  upon  them  from  the  zenith,  are  not  only  of  full  colour,  but  seem 
even  more  bright  than  usual,  from  the  contrast  which  they  afford  to  the  blossoms. 

An  occasional  source  of  colour  is  furnished  by  the  phenomenon  called 
fluorescence ;  and  although  this  is  not  exhibited  on  a  sufficient  scale  to  be  of  much 
practical  importance  with  reference  to  the  present  subject^  it  must  not  be  left 
whoUy  without  notica  We  have  seen  that  beyond  the  visible  red  of  the  spectrum 
there  is  a  band  of  waves  which  are  too  long  to  excite  sensations  of  light  in  the 
human  eye,  to  which  they  are  invisible,  although  they  may  be  rendered  manifest 
as  sources  of  heat;  and  that^  in  like  manner,  beyond  the  violet,  there  are  other 
invisible  rays,  the  vibrations  of  which  are  too  rapid  to  excite  the  human  eye,  and 
which  are  active  as  causes  of  chemical  change.  When  these  rays,  which  are  called 

the  "  ultra-violet,''  are  suffered  to  fall  upon  certain  substances,  of  which  uranium 
glass,  solutions  of  quinine,  and  infusion  of  horse-chestnut  bark  are  the  most 
familiar,  they  are  so  much  retarded  as  to  produce  in  these  substances  vibrations 
which,  when  communicated  to  the  surrounding  ether,  become  visible,  and  the 

objects,  during  and  after  exposure  to  the  darkness  of  the  ultra-violet  rays,  shine  as 
if  with  independent  luminosity.  With  some  fluorescent  substances,  the  effect  thus 
produced  is  of  considerable  duration,  and  it  has  lately  been  turned  to  account  in  the 

arts  as  a  source  of  the  so-called  luminous  paint,  and  also  as  a  means  of  rendering 
such  objects  as  watch  and  clock  dials,  match-boxes,  the  number-plates  on  the  doors 
of  houses,  and  other  things,  sufficiently  luminous  to  be  seen  at  night  after  they 
have  been  exposed  to  sunlight  during  the  day.  The  element  in  sunlight  by  which 

the  effect  is  produced  is  not  anything  which  is  itself  visible,  but  only  the  ultra-violet 
ray ;  and  if  this  could  be  intercepted  while  the  rest  of  the  solar  light  was  suffered 
to  fidl  upon  the  object,  no  luminosity  would  be  produced.  Artificial  sources  of  light 
which  are  rich  in  blue  may  be  used  instead  of  sunlight,  and  one  of  the  best  known 
of  these  is  f ipmished  by  the  combustion  of  magnesium  wire,  which  also,  from  the 

abundance  of  the  ultra-violet  which  it  yields,  has  been  employed  as  a  means  of 
producing  photographs  in  places  from  which  sunlight  is  excluded. 

Such  being,  in  the  most  meagre  outline,  the  nature  of  light  and  of  colour,  we 
have  next  to  consider  in  what  way  these  are  subservient  to  the  exercise  of  vision. 
The  eye  is  an  instrument  resembling  the  camera  of  the  photographer,  and  its  especial 
function  is  to  arrange  the  light  reflected  from  objects  in  an  inverted  picture  upon  its 

retina,  or  sensitive  screen  of  nerve-tissue,  by  which  the  impression  made  by  this 
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inverted  image  is  reoeiyed,  and  from  which  it  is  propagated  to  the  brain,  to  become 
a  subject  of  consciousneBS,  The  perceptive  layer  of  the  retina  is  an  exceedingly  fine 
mosaic  of  nervous  terminations  of  two  kinds,  called,  from  their  respective  shapes, 
rods  and  cones  ;  and  it  is  believed  that  the  size  of  these  elements  has  an  important 

bearing  upon  the  limitations  of  magnitude  within  which  ether  vibrations  produce 
tlie  impression  of  light.  It  would  seem  as  if,  for  this  effect  to  be  produced,  the 
waves  must  neither  exceed  nor  fall  short  of  a  certain  proportion  to  the  rods  and 
cones ;  and  it  is  possible  that  an  unusual  size  of  the  nerve  elements,  rendering  them 
insensitive  to  some  of  the  vibrations  which  are  perceptible  to  the  majority  of 

mankind,  may  be  at  the  root  of  the  curious  condition  known  as  colour-blindness, 
the  subjects  of  which  are  unable  to  perceive  at  least  one  of  the  three  primaries  of 
the  spectrum,  and  thus  see  all  oolours  modified  as  they  would  be  by  its  absence. 
Recent  researches  point  to  the  conclusion  that,  the  act  of  vision  consists  essentially  of 
a  chemical  change,  consisting  of  the  destruction,  by  the  influence  of  the  light  waves,  of 

a  material  called  vision-purple,  which  appears  to  be  constantly  renewed  in  the  liviiig 
retina  ;  but  this  has  no  present  bearing  upon  the  questions  which  we  have  now  to 
consider.  The  essentials  of  good  lighting  are  that  the  eye  should  receive  light 
enough  to  furnish  the  materials  for  a  vivid  retinal  image,  and  not  enough  to  be 
dazzling  or  distressing ;  and  that  the  illumination  should  be  of  such  a  kind  as  to 
reproduce  in  the  retinal  image  the  natural  colours  of  objects.  For  this  purpose,  it 
must  either  oontain  all  the  primaries  in  the  due  proportion  to  constitute  white  ligbt, 
or  it  must  at  least  oontain  them  in  the  proportions  in  which  they  are  reflected  from 
the  object  looked  at.  In  a  room  supplied  only  with  red  lights  all  green  objects 

would  appear  black,  and  vice  versd. 
It  has  long  been  known,  as  a  matter  of  observation,  that  the  combinations  or 

contrasts  of  certain  colours  are  pleasing  to  the  eye,  while  others  are  harsh  and 
inharmonious ;  and,  after  the  discovery  by  Newton  of  the  compound  character  of 
light,  it  was  soon  found  that  the  harmonious  and  pleasing  combinations  were  those 

in  which  the  colours  were  "  complementary,"  that  is,  in  which  they  would  make  up 
white  light  if  blended  together.  Although  early  known  with  regard  to  the  apposition 
of  two  contrasted  colours,  the  same  principle  has  not  been  so  widely  recognised  with 
regard  to  multiple  combinations ;  and  it  was  reserved  for  Professor  Barff  to  call 
attention  to  the  fact  that  the  secret  of  smooth  and  pleasant  colouring  in  a  picture, 
a  stained  window,  or  generally  in  the  free  distribution  of  colour  for  decorative 
purposes,  is  to  be  found  in  the  use  of  combinations  which,  taken  collectively,  make 
up  white  light.  The  study  of  the  complementary  colours  was  for  a  long  time 
obscured  by  the  absence  of  discrimination  between  light  and  pigments :  forms  of 
colour  which  may  be  alike  to  the  eye,  and  which  nevertheless  produce  by  their 
admixture  totally  different  effects.  For  example,  blue  light  is  complementary  to 
yellow  light ;  and  the  two,  when  mixed  or  superimposed  in  the  proper  proportions, 
produce  white  by  their  union.  The  mixture  of  blue  and  yellow  pigments,  on  the 
contrary,  produces  green,  for  the  simple  reason  that  this  is  the  only  colour  reflected 
by  them  both.  The  difference  has  been  well  explained  by  Mr.  Ogden  Rood,  who 

points  out  that  *^  by  mingling  two  pigments  we  obtain  the  resultant  effect  of  two 
acts  of  absorption  due  to  the  two  pigments ;  white  light  is  twice  subjected  to  the 
process  of  subtraction,  and  what  remains  over  is  the  coloured  light  which  finally 
emerges  from  the   painted  surface.     On  the   other  hand,  the  process  of  mixing 

L 
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coloured  light  is  essentially  one  of  addition ;  and  tbi3  being  so,  we  find  it  quite 
natural  that  the  results  given  by  these  two  methods  should  never  be  identical,  and 

often  should  differ  widely."  • 
The  complementary  colours  form  practically  an  almost  infinite  series,  the 

complementary  colour  of  any  given  mixture  being  all  that  is  omitted  from  it  when 
compared  with  white  light  As  illustrations  of  a  few  pairs,  Ogden  Rood  gives  the 
following  table : — 

Red        .        ̂     Green-Blue. 
Orange    Cyan-Blue. 
Yellow    TJltramarine-Blue. 
(^leenifih- Yellow  .        .        .        .  Violet. 
Green    Puiple. 

These  pairs,  of   course,  might  be  indefinitely  increased  in  number,  but  they  are 
sufficient  to  give  an  idea  of  the  principle  at  issue,  and  of  the  manner  in  which  it 
may  be  applied  in  order  to  produce  harmony  of  colour  in  lighting  and  decorating 
apartments.     If  we  admit  into  any  room  too  much  of  one  of  the  ingredients  of 
white  light,  without  balancing  it  by  careful  admixture  elsewhere,  the  result  will 
not  only  be  disagreeable,  but  will  also  disguise  the  outlines  of  all  contained  objects 
which  are  of  such  a  nature  that  they  tend  to  absorb,  rather  than  to  reflect,  the 
colour  which  has  thus  been  rendered  predominant. 

The  influence  of  differently  coloured  light  upon  the  eye,  either  as  regards  the 
aenteness  or  the  duration  of  vision,  is  a  subject  which  has  scarcely  at  all  engaged 
the  attention  of  experimental  philosophers.     Dr.  Ludwig  Boehm,  of  Berlin,  stands 
almost  alone  in  having  even  referred  to  it ;  and  his  statements  are  so  much  under 
the  influence  of  a  strong  belief  in  the  value  of  blue  light  as  an  actual  agent  in  the 
treatment  of  certain  forms  of  eye  disease,  that  they  can   only  be  accepted  with 
a  certain  amount  of  reserva     He  asserts,  however,  that  industrial  occupations  often 
furmsh  undesigned  but  striking  proof  of  the  different   action  of  different  single 
colours    upon  human    eyes ;    and   he   quotes    especially  his  observations   at  an 
embroidering  establishment  in  Berlin,  at  which  fifty  workwomen  were  engaged  in 
embroidering  upon  and  with  silken  materials  of  all  colours,  and  often  upon  satins 
of  highly  reflecting  surface,  on  which  the  most  important  patterns  were  previously 
traced  out  in  black  lines.     The  unvaried  experience  of  many  years,  even  with  the 

youngest  and  strongest  eyes,  went  to  show  that  yellow,  and  still  more  apple-green, 
were  of  all  colours  the  most  inimical  to  the  continuance  of  visual  effort     Even  in 

the  daylight,  embroidery  upon  fine  silks  of  these  colours  could  not  be  accomplished 
except  by  the  aid  of  frequent  interruptions.     The  traced  patterns  would  after  a  few 

minutes'  application  become  invisible,  and  the  embroideress  would  see  nothing  but 
the  coloured  surface.     In  artificial  light  no  embroidery  upon  apple-green  can  be 
attempted.     On  the  other  hand,  the  colour  most  pleasant  to  work  upon  was  by  all 

declared  to'  be  blue;  although  prolonged  work  upon  a  blue  surface  was  said  to 
produce  headache.     Br.  Boehm,  who  will  hear  nothing  against  his  favourite  colour, 
explains  this  headache  by  supposing  that  the  soothing  influence  of  the  blue  upon 
the  reiana  permitted  work  to  be  continued  so  closely  and  uninterruptedly,  that  the 
hrain  and  the  attention  became  wearied  before  the  eyes  themselves  experienced  any 
desire  for  rest. 

*  "  Uodem  OhiomAtiof,*'  p.  148. 
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Dr.  Boehm's  notions  about  l>lue  light  have  at  least  this  much  of  plausibility :  that 
he  attributes  many  of  the  beneficial  properties  which  he  claims  for  it  to  its  high 
refrangibility.  It  is,  as  we  have  seen  already,  the  most  refrangible  portion  of  the 
solar  light :  or,  in  other  words,  it  will  be  brought  to  a  focus  at  some  given  distance 
by  a  weaker  lens  than  the  other  portions.  Hence,  no  doubt,  it  calls  upon  the  lenses 
of  the  eyes  for  a  somewhat  smaller  degree  of  adjustment  effort  than  would  be 
demanded  of  them  even  by  white  light,  and  therefore,  d/ortioriy  far  less  than  would 
be  demanded  by  any  other  colour ;  but  it  remains  to  be  proved  whether  the 
difference  thus  indicated  would  be  sufficient  in  degree  to  produce  any  noteworthy 
effects ;  and,  as  we  shall  see  hereafter,  it  would  be  opposed  by  the  fact  that  blue  light, 
as  contrasted  with  white  light,  means  practically  a  much  diminished  iUomination, 
and  a  corresponding  approximation  of  the  object  of  vision.  The  adjustment  effort 
of  the  eye,  and  the  muscular  work  incidental  to  vision,  are  increased  in  a  marked 
manner  by  such  approidmation ;  and  hence,  for  any  occupation  requiring  near  and 

accurate  seeing,  it  is  more  than  doubtful  whether  Dr.  Boehm's  observations  are 
trustworthy.  It  may,  no  doubt,  be  conceded  that  light  in  which  the  blue  element 
is  in  excess,  although  not  to  the  exclusion  of  all  others^  is  by  most  persons  felt 
to  be  soothing  and  grateful. 

In  opposition  to  Dr.  Boehm,  Dr.  Bouchardat^  of  Paris,  has  lately  delivered  a 
lecture  in  which  he  condemns  blue  light,  or  even  light  containing  the  normal 
proportion  of  blue,  for  visual  purposes,  and  recommends  a  preponderance  of  dull 
yellow,  taking  the  flame  of  a  tallow  candle  as  his  ideal  of  what  is  most  to  be 
desired.  He  appears  to  have  no  other  ground  for  this  opinion  than  a  fear  lest  the 
fluorescence  produced  by  blue  rays  in  the  humours  of  the  eyes  should  exert  an 
injurious  influence  upon  them ;  but  for  this  fear,  as  far  as  I  am  aware,  there  is  not 
any  shadow  of  foundation,  either  in  scientific  principles  or  in  practical  experience. 

The  analogies  between  the  animal  and  vegetable  kingdoms  are  often  extremely 
close ;  and  the  action  of  coloured  light  on  plants  was  investigated,  many  years  ago, 
by  Dr.  Draper,  whose  experiments  and  conclusions  have  remained  unchallenged. 
He  found  that  the  fixation  of  carbon  from  the  atmosphere,  on  which  the  growth  of 
plants  depends,  was  carried  on  more  actively  under  yellow  light  than  under  any 
other,  and  that  the  seven  colours  of  the  Newtonian  spectrum  promoted  the  process 

in  the  following  order : — (1)  yellow,  (2)  green,  (3)  orange,  (4)  red,  (5)  blue,  (6)  indigo, 
(7)  violet  This  is  very  remarkable,  as  seeming  to  show  that  the  change  in  question, 

occurring  most  freely  in  a  region  of  the  spectrum  equi-distant  from  the  most 
powerful  heat  rays  and  the  most  powerful  chemical  rays,  is  not  entirelj  dependent 
either  upon  chemical  activity  or  upon  temperature,  but  partiy  also  upon  some  other 
influence,  the  precise  nature  of  which  requires  farther  investigation.  The  interest 
ing  experiments  of  Dr.  Siemens,  in  growing  plants  under  the  electric  beam,  might 
probably  be  so  extended  as  to  allow  the  relative  powers  of  the  different  parts  of  the 
spectrum  upon  vegetation  to  be  tested  in  a  more  complete  way  thah  has  ever 
hitherto  been  possible. 

It  is  perhaps  worth  while  briefly  to  notice,  if  only  for  the  purpose  ot  pointing 
out  its  character,  an  absurd  book  about  light  which  has  recentiy  been  published 

by  an  American  charlatan,  under  a  title  which  is  well  calculated  to  deceive  pur- 
chasers into  the  belief  that  they  are  buying  a  scientific  treatise.  The  object  of 

this  book  is  to  advertise  the  pretensions  of  its  author  to  cure  diseases  of  all  kinds 
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by  what  be  calls  baths  of  coloured  light :  that  is  to  say,  by  persuading  his  dupes  to 
sit  unclothed  in  sunshine  which  streams  through  a  window  filled  with  panes  of 
coloured  glass,  which  are  so  moved  from  time  to  time  as  to  allow  red,  green,  or  violet 

rays  to  &J1  upon  the  part  supposed  to  be'  affected.  These  windows,  and  other  like 
ajipliances  for  the  use  of  coloured  lights  are  sold  by  the  writer ;  who,  among  other 

drolleries,  professes  to  ''medicate"  water  by  keeping  it  for  a  time  in  coloured 
glass  bottles  of  various  forms.  It  will  assist  in  estimating  this  nonsense  at  its 
tnie  value  if  we  remember  that  the  pane  of  coloured  glass  does  not  add  anything  to 
the  solar  light,  but  only  withdraws  something ;  so  that^  unless  the  colour  which  is 

withdrawn  would  be  actively  injurious,  all  the  good  effects  would  be  equally 

obtained  from  the  sunlight  shining  through  a  common  window.  On  the  other  hand, 
if  the  light  which  is  withdrawn  were  actively  injurious,  the  patient  would  surely 
require  a  protection  from  it  more  complete,  and  for  longer  periods,  than  this 
method  of  so-ealled  treatment  could  afford.  It  is  worth  remembering  that  baths 
of  sunlight)  under  the  name  of  Solariay  were  much  in  vogue  among  the  Romans  in 
ancient  tunes,  and  were,  no  doubt,  in  some  instances  benefidaL 

For,  while  the  preceding  paragraphs  express  the  state  of  our  knowledge — or,  more 
properly,  of  our  want  of  knowledge — concerning  the  special  effects  upon  the  animal 
body  of  different  kinds  of  light,  there  is  no  ambiguity  whatever  in  our  knowledge 

of  the  importance  of  light  generally  as  a  stimulant  of — or  perhaps,  more  properly, 
as  a  condition  of — what  is  comprehensively  termed  vital  actipn.  The  potatoes  which 
germinate  in  a  dark  cellar,  and  push  out  straggling,  white,  and  sickly  shoots  towards 
any  chink  by  which  sunbeams  penetrate  the  darkness,  the  artificially  bleached 

celery  and  sea-kale  of  the  gardener,  the  children  who  grow  up  in  the  shaded  lanes 
and  dark  alleys  of  great  cities,  the  workpeople  who  labour  in  cellars  or  mines  :  all 
alike  proclaim  the  great  truth  that  life  without  sunlight  is  only  half  living.  Want 
of  sonlight  to  the  human  race  means  stunted  bodies,  imperfectly  formed  blood, 

feeble  limbs,  dull  senses,  and  torpid  minds.  Essential  to  the  well-being  of  those  who 
are  reputed  to  be  healthy,  it  is  no  less  essential  to  the  recovery  of  the  sick.  There 

are  well-autlienticated  instances  of  hospitals  having  a  light  and  a  dark  side,  in 
which  the  percentages  of  recovery  have  been  distinctly  greater  on  the  former ;  and  a 
like  influence  upon  the  health  of  inmates  has  been  repeatedly  observed  in  schools, 
barracks,  adsylums,  and  other  public  buildings.  One  of  the  chief  difficulties  to  be 

contended  against  by  Arctic  explorers  accustomed  to  more  genial  climates — a  dif- 
ficulty even  greater  than  that  arising  from  the  cold — is  the  confinement  to  the  ship 

during  mx  months  of  darkness^  and  the  sacrifice  of  health  which  the  deprivation 
of  li^t  is  found  to  entaiL  On  the  subject  of  the  importance  of  light  to  the  sick, 
Miss  Nightingale  has  some  remarkable  observations,  the  truth  and  importance  of 

which  will  furnish  a  sufficient  apology  for  quoting  them.     She  says  : — 

"Second  only  to  fresh  air,  however,  I  should  be  inclined  to  rank  light  in 
importance  for  the  sick.  Direct  sunlight,  not  only  daylight,  is  necessary  for  speedy 
recovery ;  except^  perhaps,  in  certain  ophthalmic  and  a  small  number  of  other  cases. 
Instances  could  be  given,  almost  endless,  where,  in  dark  wards  or  in  wards  with 

a  northern  aspect^  even  when  thoroughly  warmed,  or  in  wards  with  borrowed  light, 

even  when  thoroughly  ventilated,  the  sick  could  not  by  any  means  be  made  speedily 
to  recover." 

"Who  has  not  observed  the  purifying  effect  of  light,  and  especially  of  direct 
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sunlight,  upon  the  air  of  a  room  1  Mere  is  an  observation  within  eveiybcNiy's  ex- 
perience. Go  into  a  room  where  the  shutters  are  always  shut  (in  a  sick-room  or  a 

bed-room  there  should  never  be  shutters  shut),  and  though  the  room  be  uninhabited, 
though  the  air  has  never  been  polluted  by  t]ie  breathing  of  human  beings,  you  will 
oliserve  a  close  musty  smell  of  corrupt  air— of  air,  •.«.,  unpurified  by  the  effect  of 

the  sun*s  rays.  The  mustiness  of  dark  rooms  and  comers,  indeed,  is  proverbial  The 

cheerfulness  of  a  room,  the  usefulness  of  light  in  treating  disease,  is  all-important" 
"  Heavy,  thick,  dark  window  or  bed  curtains  should,  however,  scarcely  ever  be 

used  for  any  kind  of  sick  in  this  country.  A  light  white  curtain  at  the  head  of  the 
bed  is,  in  general,  all  that  is  necessary,  and  a  green  blind  to  the  window,  to  be 

drawn  down  only  when  necessary." 
"  '  Where  there  is  sun  there  is  thought'  All  physiology  goes  to  oonfirm  this. 

Where  is  tlie  shady  side  of  deep  valleys,  there  is  Cretinism.  Where  are  cellars  and 
the  unsunned  sides  of  narrow  streets,  there  is  the  degeneracy  and  weakness  of  the 

human  race — mind  and  body  equally  degenerating.  Put  the  pale  withering  pLuit 
and  human  being  into  the  sun,  and,  if  not  too  far  gone,  each  will  recover  health 

and  spirit" 
'^  It  is  a  curious  thing  to  observe  how  almost  all  patients  lie  with  their  Ufxn 

turned  towards  the  light,  exactly  as  plants  always  make  their  way  towards  the 
light.  A  patient  will  even  complain  that  it  gives  him  pain  lying  on  that  side. 

*  Then,  why  do  you  lie  on  that  side  1 '  He  does  not  know,  but  we  do.  It  is  because 
it  is  the  side  towards  the  window.  A  fashionable  physician  has  lately  published  in 

a  Government  report  that  he  always  turns  his  patients'  faces  from  the  light  Yes ; 
but  Nature  is  stronger  than  fashionable  physicians,  and  de|)end  upon  it  she  turns 
the  faces  back,  and  towa/rds  such  light  as  she  can  get  Walk  through  the  wards  of 
a  hospital,  remember  the  bedsides  of  private  patients  you  have  seen,  and  count  how 

many  sick  you  ever  saw  lying  with  their  faces  towards  the  wall"* 

•"  Notes  on  Niining.' 
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CHAPTER  XXXVIL 

NATURAL  DAYLIGHT,   AND  WINDOWS. 

Sir  David  Brewster  od  Light  and  Health— Light  and  Dirt— Various  Architects  upon  the  Size  of 
Windows — ^Empirical  Bules— Position  of  the  Window— School-rooms— Expedients  for  increasing 
Deficient  light. 

The  late  Sir  David  Brewster,  in  his  address  delivered  to  the  Royal  Society  of 

Edinboi^h,  at  the  opening  of  the  session  of  1866-67,  after  passing  in  review  some 
of  the  known  hygienic  effects  of  sunlight,  and  some  of  the  consequences  of  its 

exclusion,  continued  in  the  following  words  : — 

"  If  the  light  of  day  contributes  to  the  development  of  the  human  form,  and 
lends  its  aid  to  art  and  nature  in  the  cure  of  disease,  it  becomes  a  personal  and 

national  duty  to  construct  our  dwelling-houses,  schools,  workshops,  factories, 
churches,  villages,  towns,  and  cities  upon  such  principles  and  in  such  styles  of 

architecture  as  will  allow  the  life-giving  element  to  have  the  fullest  and  the  freest 
entrance,  and  to  chase  from  eveiy  crypt^  cell,  and  comer  .  the  elements  of  unclean- 
nesB  and  corruption  which  have  a  vested  interest  in  darkness. 

"  Although  I  have  not  visited  the  prisons  and  lazarettos  of  foreign  countries,  to 
describe  the  dungeons  and  caverns  in  which  the  victims  of  despotism  and  crime  are 

perishing  without  light  and  air,  yet  we  have  seen  enough  in  our  own  country — in 
l>rivate  houses,  in  the  most  magnificent  of  our  castles,  and  in  the  most  gorgeous  of 
our  palaces — to  establish  the  fact  that  there  is  hardly  a  house  in  town  or  country 
▼ithout  dark  apartments  which  it  is  in  the  power  of  science  to  illuminate.  In  most 
of  the  principal  cities  of  Europe,  and  in  many  of  the  finest  towns  of  Italy,  where 
external  nature  wears  her  brightest  attire,  there  are  streets  and  lanes  in  which  the 
houses  on  one  side  are  so  near  to  those  on  the  other  that  hundreds  of  tliousands  of 

human  beings  are  neither  supplied  with  light  or  air,  and  carry  on  l^eir  trades  in 

almost  total  darkness.  Providence — more  beneficent  than  man — has  provided  the 

means  of  lighting  up  to  a  certain  extent  the  workman's  home  by  the  expanding 
power  of  the  pupil  of  his  eye,  and  by  an  increasing  seusibility  of  his  retina ;  but 
the  exercise  of  such  powers  is  painful,  and  every  attempt  to  see  when  seeing  is  an 
effort,  or  to  read  and  work  with  a  straining  eye  and  an  erring  hand,  is  injurious  to 
the  organ  of  vision,  and  sooner  or  later  must  impair  its  powers.  Thus  deprived  of  the 
light  of  day,  thousands  are  compelled  to  carry  on  their  trades  principally  by 

artificial  light — by  the  consumption  of  tallow,  oil,  or  gas — thus  inhaling  from  morn- 
ing till  midnight  the  offensive  odours  and  polluted  effluvia  whicli  are  more  or  less 

the  products  of  artificial  illumination. 

^  It  is  in  vain  to  expect  that  such  evils,  shortening  and  rendering  miserable  the 
life  of  man,  can  be  removed  by  legislation  or  arbitrary  power.  In  various  great 
cities  attempts  are  making  to  replace  their  densely  congregated  streets  and  dwellings 
by  structures  at  once  ornamental  and  salutaiy ;  and  Europe  is  now  admiring  that 

great  renovation  in  a  neighbouring  metropolis  by  which  hundi*eds  of  streets  and 
thousands  of  dwellings,  onoe  the  seat  of  poverty  and  orime,  ai*e  replaced  by  arohiteo* 
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turn!  coiiiliinatitms  tlio  iiu»st  )»oaulifiily  anil  liyli4)<«*ls  aiitl  palarc»s  which  vie  witli  tho 
fiiu>Kt  (HliticM's  of  i.ii'eok  or  of  Roinnn  art/' 

Sir  David  Brewator,  in  the  forp,fi:oiii<(  passage,  does  not  himself  attempt  to 

grapple  with  the  question  of  the  disposal  of  the  jx)vei-ty  and  crime  which  wore 
i-ooted  out  from  their  sometime  haunts ;  and  this  problem,  however  important,  is 
foreign  to  the  pui*poso  of  these  pages.  The  citations  which  I  have  made  will  suffice 
to  establish,  on  the  authority  of  an  eminent  physical  philosopher,  and  on  that  of  a 

nurse  of  consummate  skill — if,  indeed,  such  establishing  can  be  considered  necessary 
— that  without  sunlight  there  can  be  no  real  welfare,  and  that,  in  planning  houses, 
the  provision  of  an  abundance  of  window  space,  and  the  placing  of  the  windows 
in  positions  to  receive  the  full  rays  of  the  sun,  form  most  important  parts  of  the 
duties  of  the  architect  Miss  Nightingale  elsewhere  lays  stress  upon  what  ia  indeed 

a  truism,  but  nevertheless,  one  which  should  constantly  be  repeated  and  enforced — 
namely,  that  an  excess  of  sunlight  can  be  excluded  when  there  is  need,  but  that  a 
deficiency  of  sunlight,  depending  upon  errors  of  construction,  cannot  be  supplied 

while  the  doustniction  remains.  *'  Window-blinds,*'  she  says,  *'can  always  moderate 
the  light  of  a  light  ward,  but  the  gloom  of  a  dark  ward  is  irremediable.  The  escape 
of  heat  from  large  windows  may  be  diminished  by  plate  or  double  glass ;  for,  while 
we  can  generate  warmth,  we  cannot  generate  daylight,  or  the  purifying  and  curative 

cflTects  of  the  sun's  rays.*' 
To  the  forgoing  considerations  I  would  add  yet  one  more — and,  as  regards  the 

wholesomeness  of  dwellings,  by  no  means  the  least  to  be  considered — ^in  the  fact 
that,  given  ordinary  housewifery,  darkness  may  be  used  as  a  synonym  for  dirt  If  a 
room  is  generally  dark,  that  room  will  also  be  dirty.  If  a  room  is  moderately  well 

lighted  on  the  whole,  but  has  comers  or  i*ece8ses  into  which  the  light  does  not 
fi-eely  penetrate,  those  cornel's  or  recesses  will  be  dirty  comers  or  recesses.  Flnflf 
and  dust  will  collect  in  thenr ;  the  broom  of  the  average  housemaid  will  describe  a 
curve  which  fails  to  penetrate  into  their  depths ;  and  they  become  receptacles  for 
decaying  organic  matter  of  various  kinds,  poisoning  the  air  of  the  occupantjs 
mingling  with  their  food,  sometimes  actively  hurtful,  never  wholly  innocuous. 
Physicians  arc  coming  to  the  knowledge,  by  slow  degrees,  that  household  dirt  is 

among  the  most  frequent  and  most  potent  of  the  causes  of  -common  illnesses ;  and  a 
mistn^ss  must  be  almost  superhuman  if  she  can  wage  successful  war  against  house- 

hold dirt  which  is  fostered  and  sheltered  by  darkness.  This  influence,  which  is  very 

coiisidei-able  in  the  homes  even  of  the  wealthy,  is  far  greater  in  those  of  tlic  poor. 
In  cottages  with  good  window  space,,  and  with  a  fair  allowance  of  sunshine,  the  filth 
which  may  be  found  in  those  less  favourably  constructed,  but  inhabited  by  persons 
of  the  same  class,  is  practically  unknown.  No  doubt,  there  is  much  to  be  wished 
for  even  in  the  former,  but  the  state  of  the  two  will  usually  admit  of  no  comparison. 

The  necessity  which  is  thus  imposed  upon  us  of  admitting  light  freely  into  our 
rooms  is  tempered  by  the  other  necessity  of  remembering  that  human  eyes  may  be 

injui'ed  by  exposure  to  an  iUumination  which  is  either  too  direct  or  too  brilliant.  The 
vai'iations  in  the  size  of  the  pupillary  opening,  which,  in  a  general  way,  regulate  the 
amount  of  light  admitted  into  the  interior  of  the  eye,  are  not  sufficiently  prompt,  on 

passage  from  a  dark  into  a  brilliantly-lighted  apartment,  to  prevent  the  production  of 

Bome'dazzling  and  distress.  When  the  light  is  excessive,  even  the  greatest  contrac- 
tion of  the  pupil  is  not  enough  to  afford  entire  protection ;  and  thero  have  been  many 

i 
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instances  in  which  sudden  exposure  of  the  eyes  to  bright  light  has  proved  permanently 
injurious  to  them.  Looking  at  the  sun  through  imperfectly  smoked  glass,  looking 
at  a  bright  object  on  the  stage  of  a  microscope  at  the  moment  when  a  cloud  has 
[uissed  away,  and  has  allowed  the  full  sunshine  to  fall  upon  it  and  to  be  i-eflected 
upwards,  ti'avelling  over  snow  in  sunshine  without  dark  glasses  or  other  suitable 
protectors,  are  illustrations  of  some  of  the  ways  in  which  such  effects  have  been 
produced  ;  and  they  teach  us  that  although  sunlight  should  be  freely  admitted  into 
rooms,  it  should  not  fall  too  directly  either  upon  the  eyes  themselves  or  upon 
the  objects  of  vision.  The  desired  result  is  to  be  attained  partly  by  the  size 
and  the  position  of  the  window,  partly  by  its  aspect,  partly  by  the  material  of 
which  it  is  made,  and  partly  by  the  blinds  and  curtains  with  which  it  is  fur- 
nished. 

As  regards  the  cardinal  point  of  size,  I  cannot  discover  the  existence  of  any 
universally  accepted  canon  of  proportion  amongst  architects,  by  which  a  certain 
superficial  area  of  window  surface  is  allotted  as  being  indispensable  for  a  certain  cubic 
space  of  room.  It  seems  clear  that  there  must  be  a  minimum  proportion  within 
which  good  lighting  cannot  be  expected ;  and  it  is  also  clear  that  the  window  surface 
which  would  be  sufficient  with  an  uninterrupted  outlook,  would  not  be  sufficient  in 
a  narrow  street,  or  in  the  face  of  any  obstacle  interfering  with  the  approach  of 
light  The  amount  of  window  space  now  given  in  a  building  is  probably 
regarded  chiefly  from  the  stand-point  of  architectural  style ;  and  this,  if  so,  furnishes 
a  weighty  argument  against  the  use,  in  northern  countries,  of  styles  which  may  be 
well  adapted  for  the  more  brilliant  sunshine  of  the  south.  In  such  a  building  as 
tlie  new  Law  Courts,  for  example,  in  which  business  of  the  first  importance  will 
constantly  be  in  progress,  and  in  which,  from  every  consideration  of  health  and  of 
convenience,  the  smallest  possible  use  should  be  made  of  artificial  lighting,  the  choice 
of  a  style  should  have  been  materially  influenced  by  the  consideration  that  one,  more 
harmoniously  than  another,  would  carry  sufficient  window  openings  to  allow  the 
comparatively  &int  light  of  our  grey  skies  to  penetrate  into  the  interior  in  adequate 
quantity. 

It  must  not  be  supposed,  from  the  ahsenoe  of  any  rule  upon  the  subject.,  that  it 
has  entirely  escaped  the  attention  of  architects;  but  the  following  passages,  extracted 
from  GwilVs  Encyclopsedia,  will  express  almost  the  whole  of  what  has  been  laid  down 
by  authorities  with  regard  to  it : — 

"Vitruvius,  Palladio,  Scamozzi,  and  Philibert  de  L'Orme,  besides  many  other 
masters,  have  given  diffei'ent  proportions  to  windows  as  connected  with  tlift  apart- 

ments to  be  lighted.  That  these  should  be  different  is  indicated  by  the  different 

places  in  which  those  mastei-s  have  written.  Nothing,  indeed,  seems  so  much  to 
disallow  general  laws  as  the  proportions  of  winaows  to  an  apartment,  according  to 
the  climate,  the  temperature,  the  length  of  the  days,  the  general  clearness  of  the 
sky,  the  wants  and  customs  of  commerce  and  of  life  generally.  In  hot  climates  the 
windows  are  always  few  in  number  and  small  in  dimensions.  As  we  approach  those 
regions  where  the  sun  has  less  power  and  the  winter  is  longer,  we  observe  always  an 
increase  in  their  size  and  number,  so  as  to  enable  the  inhabitants  to  take  as  much 

iidvantage  as  possible  of  the  sun's  light  and  rays.  It  seems,  therefore,  almost 
impossible  to  give  general  rules  on  this  subject  We  shall  on  this  account  endeavour, 
in  the  rules  that  this  section  contains,  to  confine  ourselves  to  the  sizes  which  seem 
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suitable  in  this  climate,  as  res^iccts  the  proportion  of  light  necessary  for  the  comfort 
of  the  a))artinent. 

**  It  is  a  matter  of  experience  that  the  greatest  quantity  of  light  is  obtaiued  for 
an  apartment  when  lii^hted  by  an  horizontal  a])erture  in  the  ceiling.    Of  this  a  very 
extraordinary  veiitication  is  to  be  found  in  the  Pantheon  at  Rome.     This  edifice, 
whose  clear  internal  diameter  is  142  feet  6  inches,  not  including  the  recesses  behind 

the  columns,  is  nearly  74  feet  high  to  the  springing  of  the  dome,  which  is  semi- 
circular.  The  total  clear  number  of  cubic  feet  in  it  may  Uierefore  be  taken  iu  round 

numbers  at  1,93 4, 4 GO.      Those  who  have  visited  it  well  know  that  it  is  most 

sufficiently  and  pleasantly  lighted,  and  this  i»  effected  by  an  a|)erture  (the  eya^  as  it 
is  technically  called)  iu  the  crown  of  the  dome,  which  aperture  is  only  27  feet 

iu  diameter.  Now,  the  area  of  a  circle  27  feet  m  diameter  being  rather  more  than  5 7 'J 
feet,  it  follows  that  each  superficial  foot  of  the  ai*ea  lights  the  astonishing  quantity 
of  nearly  3,380  cubic  feet.      Independent  of   all  considerations  of  climate,  tki^ 

shows  the  amazing  sufieriority  of  a  light  falling  vertically,  whei'e  it  can  be  intro- 
duceil.     But  in  a  majority  of  cases  the  apertures  for  light  are  introduced  in  vertical 

walls ;  and  the  consequence  is  that  a  far  greater  ai'ea  of  them  for  the  admission  of 
light  becomes  necessary.     In  considering  the  question,  it  must  be  premised  that 
a  large  open  space  is  supposed  before  the  windows,  and  not  the  obstructed  light 
which  it  is  the  lot  of  the  inhabitants  of  closely-built  streets  to  enjoy.     Again,  it  is 
to  be  recollected  that  in  the  proportioning  of  windows  it  is  the  apartments  on  the 
piincipal  floor  that  are  to  be  considered,  because  their  width  in  all  the  storejs  mu>rt 
be  guided  by  them,  the  only  variety  admissible  being  in  the  height.  In  this  country, 

where  the  gloom  and  even  darkness  of  wet,  cloudy,  and  foggy  seasons  so  much  pre- 
vail, it  is  better  to  err  on  the  side  of  too  much  rather  than  too  little  light  and 

when  it  is  superabundant  to  exclude  it  by  means  of  shutters  and  blinds.     We  are 
not  very  friendly  to  the  splaying  of  windows,  because  of  the  irregularity  of  tlie 

lines  which  follows  the  pi*actice;  but,  it  must  be  admitted^it  often  becomes  necessary 
when  the  walls  are  thick,  and  in  such  cases  a  considerable   splay  on  the  inside 
increases  the  light  in  effect  by  a  great  diminution  of  shade.     It  is  well,  if  possible, 
to  have  an  odd  number  of  windows  in  an  ajtartment,  nothing  wherein  contributes; 
more  to  gloom  than  a  pier  in  tl)e  centre. 

'*  We  do  not  think  it  necessary  to  advert  to  the  rule  of  Palladio  for  the 
dimensions  of  windows  given  in  the  first  book  of  his  work,  because,  were  it  true 

for  the  climate  of  Nortliem  Italy,  it  would  not  be  so  for  that  of  Gi^eat  Britain, 
Neither  are  we  at  all  satisfied  with  tlukt  which  in  his  practice  Sir  William  Ohamberfj 

says  he  adopted,  and  which  is  as  follows,  in  )iis  own  words  : — *  I  have  generallfj 
added  the  depth  and  height ' — we  suppose  width  — '  of  the  roams  on  tlie  princi] 
floor  together,  and  taken  one-eighth  part  thereof  for  the  width  of  the  window- 
rule  to  which  there  are  few  objections.  Admitting  somewhat  more  light  thai 

Palladio's,  it  is,  I  apprehend,  fitter  for  our  climate  than  his  rule  would  be.'  Thi 
rule  is  empiiical,  as,  indeed,  is  that  on  which  we  place  most  dependence,  and 
which  we  shall  presently  introduce  the  reader,  being  ourselves  inclined  to  the  belie 
that  in  the  lighting  a  room  there  is  a  direct  relation  between  the  area  of  the  apertui 
admitting  the  light  and  the  quantity  of  cube  s})ace  in  the  room.  Indeed,  the  \a.i[ 
which  we  are  about  to  give  is  one  founded  on  the  cubic  contents  of  the  apartmenj 
and  if  the  results  bore  a  regular  ratio  to  that  quantity,  the  discussion  would  be 
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an  end,  for  we  should  then  only  have  to  ascertain  the  cubic  contents,  and  knowing 
how  much  an  area  of  light  one  foot  square  would  illuminate,  the  division  of  one  by 
the  other  would  supply  the  superficies  of  windows  to  be  provided.  Our  own  notion 

on  this  subject  Ls,  that  one  foot  superficial  of  light  in  a  vei-tical  wall,  supposing  tho 
huilding  free  from  obstruction  by  high  objects  in  the  neighbourhood,  will  in  a 
square  room  be  sufficient  for  100  cube  feet,  if  placed  centrally  in  such  room.  It 
will,  however,  immediately  occur  to  the  reader  that  this  rule  cannot  in  many  cases 
satisfy  the  requirements  of  an  ai>artment  as  respects  the  quantity  of  light  necessary 
for  its  proper  illumination.  The  subject  is  beset  with  numerous  difficulties,  which 
to  overcome  requires  the  greatest  skill.  In  the  case  of  an  apartment  long  as 
compared  with  its  width,  it  is  well  known  to  every  practical  architect  that  wimlows 
oi  the  same  collective  area  at  either  of  the  nanx)w  ends  of  such  apartment  will 
light  it  much  more  effectively  than  if  the  same  area  of  light  were  admitted  on 
either  of  the  long  sides,  and  most  especially  so  if  it  should  happen  that  on  such 
long  side  there  were  a  pier  instead  of  a  window  in  the  centre  of  such  side.  In 
illustration  of  what  we  mean,  let  us  refer  the  reader  to  the  ball-room  at  Windsor 

C:istle,  an  apartment  90  feet  long,  34  feet  wide,  and  33  feet  high.  This  room  is 
ligiited  from  the  northern  narrower  side  by  a  window  nearly  occupying  tho  width, 
aiul  is  supplied  by  an  abundance  of  light.  But  had  the  same  quantity  of  light 

hoeu  admitted  fi-om  either,  of  the  long  sides  of  the  room,  so  many  ma.sses  of  shadow 
would  have  been  introduced  through  the  interposition  of  piers  that  its  effect  would 
hare  differed  most  widely  from  the  cheerful  and  airy  aspect  it  now  presents..  We 

have  taken  this  as  an  example  that  more  pi'esently  occurs  to  us,  but  the  reader, 
from  his  observation,  will  have  no  difficulty  in  supplying  instances  in  corroboration 
of  our  impressions  on  this  subject. 

^^  But  we  shall  now  proceed  to  give,  in  the  author's  own  words,  the  rule  of 
which  we  have  spoken.  That  author  is  Robert  Morris,  and  the  work  quoted  is 

'  Lectures  on  Architecture,  consisting  of  Eules  founded  on  Harmonick  and  Arith- 
metical Pi-oportions  in  Building.'  *  There  ara  rules,  likewise,  for  proportioning  of 

li.i:ht  according  to  the  magnitude  of  the  room,  by  which  any  room  may  be  illu- 
tainated  more  or  less,  according  to  the  uses  of  them,  and  at  the  same  time  preserve 
an  external  regnlaiity ;  which,  as  it  is  on  an  uncommon  basis,  I  shall  explain  to 
you  as  well  as  I  conveniently  can.  J^et  the  magnitude  of  any  room  be  given,  and 
one  of  those  proportions  I  have  proposed  to  be  made  use  of,  or  any  other ;  multiply 
the  length  and  breadth  of  the  room  together,  and  that  product  multiply  by  the 
height^  and  the  square-root  of  that  sum  will  be  the  area  of  superficial  content  in 

feet,  Jbc,  of  the  light  required.' 
"  Suppose  a  room,  whose  magnitude  is  Uie  arithmetical  proportion  of  5,  4,  and 

3,  and  is  20  feet  long,  16  feet  broad,  and  12  feet  high,  the  cube  or  product  of  its 

length,  breadth,  and  height  multiplied  together  is  3,840,  the  square-root  of  which 
sum  is  62  feet.  If  the  height  of  the  storey  is  12  feet,  as  before  mentioned,  divide 
that  62  feet  into  three  windows.  Each  window  will  contain  20  feet  8  inches  of 

superficial  light,  and  those  will  be  found  to  be  3  feet  2  inches  broad,  and  G  feet 
5  inches  high,  which  are  windows  of  two  diameters. 

"  Let  us  now  suppose  another  ix>om  on  the  same  range,  whose  height  is  12  feet, 
OS  the  preceding  example  is,  and  its  proportion  shall  be  the  cube.  The  product  of 
that  cube  is  1,728,  and  its  root  is  41  feet  4  inches,  or  thereabouts.     Divide  that 
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41  feet  4  inoheB  into  two  parts  for  two  windows,  snd  each  will  be  20  feet  8  inches 
of  superficial  light,  and  those  will  be  two  diameters  in  height,  and  the  magnitude 

the  same  as  the  preceding  room." 
A  rule  of  a  very  different  character  has  been  promulgated  by  the  Local  Govern- 

ment Board,  in  the  *'  Mod^  Bye-laws "  issued  by  them  for  the  use  of  sanitaiy 
authorities.  These  model  bye>laws  are  issued  as  suggestions  to  local  authorities, 
who  have  power  to  frame  bye-laws  in  their  respective  districts;  and  the  model 
Na  57  runs  as  follows : — 

«<  Every  person  who  shall  erect  a  new  building  shall  construct  in  every  habitable 
room  of  such  building  one  window  at  the  least,  opening  directly  into  the  external 
air,  and  he  sliall  cause  the  total  area  of  such  window — or,  if  there  be  more  than  one, 
of  the  several  windows — clear  of  the  sash-frames,  to  be  equal  at  the  least  to  one4enth 
of  the  floor  area  of  such  room." 

Roughly  measuring  two  rooms  in  my  own  London  house,  both  of  which  I  should 
consider  well  lighted,  I  find  that  one  of  them,  with  an  eastward  aspect,  has  a 
window  opening  of  36  square  feet  to  about  225  square  feet  of  floor  space,  and  to 
rather  more  than  2,000  cubic  feet  of  contents.  The  other,  with  a  westward 
aspect,  has  58  square  feet  of  window  opening  to  about  361  of  floor  space, 
and  to  rather  more  than  4,100  cubic  feet  of  contents.  In  the  smaller  room,  wUcli 

has  a  window  larger  in  proportion  than  the  other,  the  lower  third  of  the  opening  is 
filled  by  slightly-tinted  cathedral  glass,  and  green  blinds  are  often  drawn  down  over 
the  upper  third.  In  the  larger  room  the  whole  window  is  filled  with  cathedral 

glasS)  and  there  are  neither  blinds  nor  curtains.  Even  in  the  full  bi-ightness  of  the 
afternoon  sun  there  is  here  no  excess  of  illumination ;  and,  at  other  times,  one 
would  instinctively  seek  the  vicinity  of  the  window  for  any  occupation  requiring 

extreme  accuracy  of  vision.  According  to  the  i-ule  quoted  by  Gwilt  from  Morris, 
the  smaller  room  should  have  45  feet  of  window  opening  instead  of  36,  and  the 
larger  should  have  64  instead  of  58.  According  to  the  more  moderate  requirement 
of  the  Local  Qovemment  Board,  22  feet  would  suflice  for  the  smaller  room,  and 
36  for  the  larger.  The  eastwai::d  window  opens  into  the  street,  the  westward  into 
an  open  space  of  much  greater  extent ;  and  I  am  disposed  to  think  that,  while  the 
latter  is  not  at  all  too  large,  but  sufficient,  the  former  might  be  diminished  in  sixe, 
not  perhaps  with  any  advantage,  but  certainly  without  any  injury  or  inconvenience. 

A  consideration  not  to  be  lost  sight  of,  in  r^ulating  the  lighting  of  rooms,  is 
that  the  eyes  are  protected,  by  their  position  in  the  head,  by  the  eyebrows  and 

eyelids,  by  the  eyelashes,  and  by  many  prevailing  forms  of  head-dress,  against  any 
excess  of  light  coming  to  them,  as  natural  light  does  come,  from  above ;  whilst 
tliey  are  almost  entirely  unprotected  against  any  excess  of  light  which  comes  up 
to  them  from  below.  It  is  for  this  reason  that  the  glare  reflected  up  from  water, 

or  from  snow-covered  or  otherwise  white  ground,  is  often  very  distressing ;  insomuch 
that  the  inhabitants  of  countries  in  which  much  snow  falte  are  accustomed  to 

protect  themselves  by  some  kind  of  goggles.  If  we  have  low  windows,  so  as  to 
throw  a  strong  light  upon  the  floor  of  a  room,  and  especially  if  we  cover  this  floor 

with  light  or  bright-coloured  or  reflecting  surfaces,  we  expose  the  eyes  of  the 
occupants  to  similar  unfavourable  conditions.  The  low,  or  so-called  French 
windows,  opening  like  doors,  are  often  convenient  for  purposes  of  entrance  and 
exit,  but  ill  dwelling-rooms  there  is  no  occasion  to  fill  the  lower  portions  of  them 
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with  dear  glass ;  and,  if  this  is  dcme,  it  is  desirable  to  let  the  light  so  admitted  fall 
upon  some  surface  of  dark  ooloar  and  absorbent  material  In  all  occupations,  it  is 
highly  conducive  to  the  distinctness  of  vision,  and  hence,  to  the  comfort  of  the  eyes 
themselves,  that  the  chief  light  which  falls  upon  them  should  proceed  from  the 
object  looked  at,  and  should  be  that  which  forms  the  picture  of  this  object  upon  the 
retina^  If  an  opposite  condition  obtains,  and  the  eyes  are  receiving  light  at  the 
same  time  from  some  other  direction  or  some  other  source,  the  general  diffused 
illumination  of  the  retina  which  is  thus  produced  serves  to  diminish  the  relative 
brightness  and  distinctness  of  the  image,  and  so  to  render  vision  less  certain. 
This  would  happen  in  the  case  of  a  person  who  was  sitting  reading  near  a  low 
window,  with  a  bright  floor  surfiice  beneath.  The  eyes  would  receive  not  only  the 
light  reflected  from  the  page,  but  also,  being  cast  down  to  read,  that  which  was 
reflected  from  the  ground ;  and  the  latter,  not  being  focussed  upon  the  retina,  would 
cover  it  with  a  diffused  illumination,  and  would  render  the  words  and  letters  of  tho 

printed  page  less  distinctly  visibla 

For  pursuits  which  do  not  require  accurate  vision  of  small  objects — such  pursuits, 
for  instance,  as  playing  chess  or  draughts — any  portion  of  an  ordinarily  lighted  room 
sbould  be  sufficient,  and  any  position  of  the  window  in  relation  to  the  eyes  should 
be  harmless  ;  but  when  sustained  accurate  vision  is  required,  as  in  such  pursuits  as 

reading,  writing,  or  fine  embroidei'y,  the  window  should  be  on  the  left  hand  of  the 
worker,  and  a  little  in  advance  of  him.  In  this  position,  and  in  this  position  only, 
will  the  eyes  receive  the  maximum  of  diffused  light  from  the  surface  looked  at, 
without  being  dazzled  by  the  direct  reflection  of  the  solar  beam.  If  the  light  is 
behind  the  worker,  the  body  will  intercept  it,  and  it  will  be  necessary  to  assume 
oblique  and  uncomfortable  attitude&  If  the  light  is  on  the  right  hand,  the  shadow 
of  tliat  hand  will  constantly  obscure  the  work.  Either  of  these  positions,  however,  is 

heiier  than  a  direct  front  light ;  unless  this  is  derived  fi-om  a  window  so  high  as  to  be 
quite  above  the  line  of  sight  when  the  eyes  are  lifted  in  a  moderate  degree.  In  all 
the  pauses  of  occupation,  the  eyes  are  lifted  instinctively ;  and  they  should  always  be 
lifted  to  a  lesser  degree  of  illumination  than  that  which  they  receive  while  working. 
The  lesser  amount  of  illumination  rests  the  nervous  tissues  of  the  retina,  allows  the 
pupil  to  expand,  and  is  a  moment  of  comparative  repose  for  the  whole  organ.  If, 
on  the  contrary,  the  eyes  are  lifted  to  encounter  an  increased  illumination,  as  must 
always  be  the  case  when  the  window  is  directly  in  front  of  them,  they  sure  stimulated 
instead  of  being  rested,  their  pupils  contract  by  increased  muscular  effort,  their 

nerve-tissues  are  excited  instead  of  being  soothed,  and  the  intervals  of  labour, 
which  ought  to  be  periods  of  rest,  are  rendered  periods  of  increased  effort  and 
futigue. 

When  a  facing  window  is  so  high  above  the  line  of  sight  that  no  inconvenience  is 
experienced  when  the  eyes  are  raised  in  the  usual  moderate  degree,  it  will  be  apt  to 
entail  yet  another  inconvenience,  by  bringing  them  into  the  very  track  of  the  solar 
beam  which  is  directly  reflected  from  the  surface  of  the  object  or  of  the  table.  In 
Fig.  182,  A  represents  a  person  sitting  opposite  a  window,  w,  which,  is  placed  at  such 

a  height  that  its  light  falls  upon  the  table  surface  at  an  angle  of  id  degi'ees,  and 
hence^  in  accordance  with  the  law  of  reflection,  is  reflected  from  the  table  at  the 

same  angle  and  in  the  same  plane,  just  striking  the  eyes  of  tho  worker.  In  Fig.  1 83, 
en  the  contrary,  the  window  is  to  the  left,  and  here  the  directly  reflected  beam 



isMtx  in  fttmt  of  the  worker,  who  receives  only  the  diffused  light  which  is  reflected 

vnrioiiA  directions  from  the  irr^uUritira  of  Uie  sarfmoe  npon  which  it  falls. 

It  neeins  to  fdlow,  from  the  foregmng  oonsidenttions,  that  tJie  aizee  and  ineitioiu 

Fl«.  ISt.-Front  lUnmliutiOD. 

of  tlie  windowB  in  ordinary  sitting-rooms  may  safely  be  left  to  be  controlled  hj 
custoiiiitry  usage  and  proportion ;  and  that  the  adult  occupants  of  such  rooms  irill 

always  Im*  able  to  vary  their  own  poNitioiis  in  relation  to  these  windows  iii  sucIj  h 
manner  as  to  obtain  light  at  convenient  angles  and  in  a  sufficient  decree.    In  the  case 

rig.  1«l.-IW('h»id  niiiininiitkHi. 

of  rooms  appropriated  to  special  pnriKises,  however,  and  especially  in  school-room^ 

either  public  or  domestic,  this  spontaneous  adaptation  of  means  to  ends  should  not 

be  relied  upon.     In  arranging  a  domestic  school-roomj  parents  cannot  be  too  caie- 
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fill  to  see  that  the  window'  openings  are  sufficient ;  and  as  these,  when  once  made, 
can  seldom  be  altered,  that  the  positions  of  the  seats  are  arranged  strictly  with 
refeiien(»  to  them,  and  are  not  afterwards  departed  from.  For  children,  the  rule  of 
plenty  of  light,  and  that  plenty  coming  from  the  left  front  for  all  purposes  of  close 
application,  shoidd  be  invariable. 

The  amount  of  light  received  by  any  surface,  and  by  which  it  is  rendered  visible, 
decreases  as  the  square  of  the  distance  of  that  surface.  The  diagram  in  Fig.  1 84 

repr^ents  a  candle-flame  as  a  source  of  light,  with  rays  proceeding  from  it  in  right 
lines,  and  radiating  equally  in  all  directions»     A  given  amount  of  this  light  falls 

Fig.  18i.~Di8ta]iee  and  lUnvinatton. 

open  the  .screen  c,  which  is  four  inches  square  and  four  inches  from  the  flame.     If 

the  fici-een  were  removed,  and  the  light  were  permitted  to  tmvel  four  inches  farther 
to  the  second  screen,  d,  it  would  cover  a  surface  sixteen  inches  square,  or  four 
times  the  size  of  the  preceding ;   and  it  is  obvious  that  any  space  of  the  second 

sci-een  eqiial  in  size  to  the  first  will  only  receive  one-fourth  of  the  light  which  the 
first  received.     If,  instead  of  the  screen,  we  have  a  printed  or  written  page,  at 
which  a   child  Is  looking,  and  which  he    has    to   see    by   means  of    the    light 
reflected  from  its  surface,  it  is  plain  that  the   amount  of  this  light  which  will 

fall  upon  the  opening  of  his  pupil,  and  so  enter  the  eye,  will  be  quadrupled  by 
halving  the  distance  at  which  the  page  is  held.     It  follows  that  defective  illumina- 
tion  compels  the  approximation  of  the  object  of  vision;   and  in  this  way  badly 

lighted  school-ix>oms  are  manufactories  of  short  sight.     Short  sight  depends  upo]i  a 

faulty  shape  of  the  eyeball,  in  the  du*ection  of  elongation  from  front  to  back  ;  and 
this  faulty  shape  is  liable  to  be  produced,  and  when  produced  is  always  increased, 
by  the  rolling  inwards  of  the  eyes  which  is  required  in  order  to  fix  them  both 
upon  an  object  which  is  held  very  near  to  them.     Children  at  school  often  bring 
their  faces  too  near  to  their  books  from  other  reasons  than  defective  light :  partly 
because   their  seats  are  too  far    away   from    their    desks;    partly  because   the 

muscles  of  the  spine  become  tired  of  the  eflbi*t  of   *^  sitting   up,"  and  suffer  the 
head  to   droop ;  partly  from  other  causes.       But  when  the  light  is  defective,  an 

undue  approximation  of  the   object  cannot  be  avoided,    and  cannot  fail  to  pro- 
duce or  increase  short  sight.     The  whole  subject  has  been  very  carefully  investigated 

by  Dr.  Gohn,  of  Breslau,  who  examined  the  eyes  of  10,060  school  children  in  that 
and  other  German  cities,  and  who  found  that  short  sight  steadily  increased,  alike  in 

the  per-centage  of  cases  and  in  the  average  degree  of  the  aflection,  in  proceeding 
from  the  infant  to  the  finishing  schools.      As  an   evidence   of  the   influence   of 
defective   light  as  a  factor  in  its  production,   he  found  that  the  averages  were 
higher,  both  as  to  number  and  degree,  in  schools  situated  in  the  naiTow  streets 

of  old  cities,  and  therefore  badly  lighted,  than  in  any  others.     The  same  results 
have  been  obtained  in  Eussia^  America,  and  other  countries^  and  will,  no  doubt,  be 
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obtained  in  England  whenever  they  are  carefully  looked  for.  The  small  and  faulty 
type  in  which  school-books  are  often  printed  adds  to  the  requirement  of  good  light 
for  decipherin*:^  them ;  and  no  school-room  should  be  held  to  be  sufficiently  lighted, 
and  no  room  in  any  ordinary  dwelling-house  should  be  used  for  educational  purposes, 
unless  it  is  not  only  possible,  but  easy,  to  read  the  worst  printed  book  used  by  the 
children  at  a  minimum  distance  of  fifteen  inches  from  the  eyes. 

In  public  school-rooms,  besides  a  faulty  position  of  the  windows,  or  of  the  desks 
in  relation  to  them,  we  may  often  observe  the  additional  disadvantages  of  smsll 

square  or  lozenge-shaped  panes.  These,  when  they  are  opposite  the  eyes,  add  greatly, 
in  many  ijcrsons,  to  the  discomforts  and  inconveniences  of  a  facing  window.  It  is 
very  common,  or  in  some  degree  almost  universal,  for  the  surfaces  of  the  eye  to  be 
curved  somewhat  differently  in  different  directions,  so  that  the  boundary  lines 
of  squares  and  lozenges  cannot  all  be  seen  at  once  with  equal  distinctness.  When 
this  is  so,  the  irrepressible  desire  for  clear  images  leads  the  eyes  constantly  to  alter 
their  adjustment,  at  the  cost  of  muscular  effort  and  of  much  fatigue,  for  the  purpose 
of  seeing  these  boundaries  alternately ;  and  hence,  to  some  persons,  a  prospect  of 
squares  or  lozenges  l)ecomes  excessively  fatiguing.  If  placed  facing  such  windows, 
all  the  children  of  a  class  lose,  as  already  explained,  the  repose  of  the  eyes  which  they 

would  obtain  if  they  could  look  up  from  their  books  to  a  lower  degree  of  illumiui- 
tion  ;  and  some  of  them  are  subjected  to  the  increased  effort  and  fatigue  incidental 

to  placing  before  them  an  object  of  vision  which  brings  into  prominence  the  con- 
sequences of  a  defect.  Tlie  small  panes  are  harmless  when  placed  on  the  left  of  Uie 

pupils,  provided  the  original  window  space  was  sufficient  to  afford  the  sacrifice  of 
the  large  portion  which,  in  glazing  with  squares  or  lozenges,  must  be  occupied  by 
opaque  lead  instead  of  by  transparent  glass. 

Speaking  generally,  then,  and  with  reference  to  cases  in  which  the  site  affords 

perfect  freedom  of  choice^  a  school-room  should  have  numerous  windows  on  its  south 
side,  and  the  children  should  sit  at  parallel  desks,  placed  from  south  to  north  in  the 
interspaces  between  the  windows,  and  witli  their  faces  to  the  west  The  extreme 

left-hand  desks  should  not  touch  the  wall  in  which  the  windows  are  placed,  because 
if  they  did,  those  sitting  at  them  would  be  too  much  in  shadow ;  but  the  space  at 
this  side  of  the  room  should  be  utilised  as  a  gangway.  The  advantages  of  south 
windows  depend  upon  their  admitting  more  sunshine  than  those  in  any  other  aspect ; 
and  if  this  sunshine  should  cause  any  annoyance  fix>m  glare,  the  windows  may  be 
glazed  with  ground  glass,  which  not  only  admits  absolutely  more  light 

than  clear  glass,  but  also,  by  the  multiple  reflections  fix>m  its  sui'face, 
breaks  up  the  direct  and  dazzling  beam  into  diffused  illumination.  If  a  south  aspect 
is  not  available,  the  desks  should  be  so  arranged  as  to  keep  the  children  with  their 
left  hands  towards  the  light.  If  the  windows  are  to  the  north,  or  in  any  aspect 
which  does  not  admit  sunshine  during  the  hours  of  work,  ground  glass,  though 
always  desirable,  will  no  longer  be  necessary. 

When  we  have  to  deal  with  a  room  the  window  space  of  which  is  absolutely 

deficient,  it  is  obvious  that  the  best  I'emedy  for  the  resulting  obscurity  will  be  to 
enlarge  the  window.  When  this  cannot  be  done,  the  next  expedient  is  to  economise 
the  light  that  is  admitted,  and  to  render  as  much  of  it  as  possible  available  for  the 

purposes  of  vision.  To  this  end,  we  must  remember  that  what  we  call  a  light- 
coloured  surface  is  one  which  reflects,  either  from  its  surface  or  from  immediately 
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beneatb  its  sorfaoe,  the  larger  portion  of  the  light  which  falls  upon  it ;  while  a 

(Urk-coloured  surface  is  one  which  absorbs,  and,  by  converting  it  into  heat,  retains,  the 
larger  portion  of  the  light  which  falls  upon  it  Light-coloured  objects,  even  when  other 
than  purely  white,  reflect  absolutely  from  their  surfaces  light  which  is  white,  the 
veiy  solar  light  unchanged  in  the  proportions  of  its  ingredients ;  and  they  reflect 
from  immediately  beneath  their  suiiaces  the  same  light,  deprived  of  more  or  less 
of  its  elements,  and  therefore  somewhat^  even  if  only  faintly,  coloured.  The  secret 
of  ecouomising  light  is  to  line  and  furnish  a  room  with  light  colours,  and  to  render 

the  surfaces  superficially  i-eflecting  in  the  highest  possible  dcgi^  so  that  more  white 
light  may  be  returned  from  them  than  would  otherwise  be  the  case.  If  we  paper 
and  paint  the  walls  and  ceiling  with  light  colours,  the  rays  which  enter  by  the 

narrow  window  opening,  instead  of  being  absorbed  by  the  first  sui*face  which  receives 
them,  will  be  i*eflected  to  and  fro  from  surface  to  surface;  and  if  we  have  the 
surfaces  well  varnished  over  the  paint  and  paper,  so  as  to  render  them  glossy  and 
reflecting,  the  surface  reflections  of  white  light  will  be  still  more  considerable,  and 

the  lighting  up  of  the  room  will  be  still  more  improved  Light-coloured  furniture 

and  draperies  will  be  subservient  to  the  same  efiect ;  and,  in  a  i*oom  rendered  dark 
by  a  small  and  lofty  window  opening,  it  may  even  be  desirable  to  depart  from  the 
general  rule  already  laid  down,  and  to  introduce  light  colours  into  the  carpet. 

A  ready  evidence  of  the  practical  value  of  this  method  is  afforded  by  comparing 
the  number  of  candles  required  to  raise  a  room  so  furnished  and  fitted  up  to  a 
comfortable  standard  of  light  for  social  purposes  with  the  larger  number  which 

would  be  requii*ed  in  a  room  of  the  same  dimensions,  fitted  up  with  dark  walls, 
dark  drapery,  and  dark  furniture.  The  diflerence  will  be  found  so  considerable 
as  to  outweigh  the  housewifely  objection  to  light  colours,  on  the  ground  of  their 

tendency  to  '*  show  dirt''  For  my  own  pai*t,  I  do  not  think  this  tendency 
objectionable,  because  the  more  the  dii*t  is  shown,  the  more  speedily  is  it  likely  to 
be  cleared  away  ;  while,  if  the  walls  are  varnished  as  advised,  they  may  be  waslied 
down  with  a  sponge  and  water,  without  the  smallest  injury,  as  often  as  circumstances 
may  require. 

When  the  light  of  a  room  is  deficient,  not  because  of  the  small  size  of  the  window 
space,  or  not  solely  from  that  reason,  but  also  on  account  of  defective  outlook,  as 
most  be  the  case  in  the  majority  of  narrow  streets,  especially  of  such  as  contain  tall 

houses,  the  same  recourse  to  light-coloured  walls  and  light-coloured  furniture  may 
be  had  with  equal  advantage.  We  have  here,  however,  other  resources  as  well. 
Where  the  access  of  light  is  barred  by  an  opposite  wall,  this  should,  whenever 
possible,  be  washed  or  painted  of  a  light  colour,  and  of  course,  by  preference,  white, 
so  as  to  increase  the  amount  of  reflection  from  its  surface ;  and  in  many  cases  benefit 
may  be  derived  from  the  use  of  the  suspended  external  mirrors  introduced  by 

Mr.  Chappuis,  under  the  name  of  "  Daylight  Keflectors,''  and  extensively  used  in 
the  narrow  streets  of  the  busiest  part  of  the  City  of  London.  Much  may  also  be 

done  by  pushing  out  the  window  so  as  to  render  it  flush  with  the  external  sui-fstce 
of  the  wall,  instead  of  being  buried  in  a  depression  on  that  surface,  and  by  filling  it 
^th  ground  glass.  This  plan  was  first  recommended  by  Sir  David  Brewster,  and 
his  account  of  it  may  be  given  in  his  own  words.     He  says  : 

"  If,  in  a  very  narrow  street  or  lane,  we  look  out  of  a  window  with  the  eye  in 
the  same  plane  as  the  outer  face  of  the  wall  in  which  the  window  is  placed,  we  shall 
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Boe  the  whole  of  the  sky  by  which  the  apartment  can  be  illuniinated.  If  we  now 

withdraw  the  eye  inwards,  we  sliall  gradually  lose  sight  of  the  sky  till  it  wliolly 
disAjijiearF,  which  may  take  place  when  the  eye  is  only  six  or  eight  inches  from  its 
tirst  ix>8ition.  In  such  a  c:u<e  the  apartment  is  illuminated  only  by  the  light 
reflected  fix>m  the  opposite  wall,  or  the  sides  of  the  stones  which  form  the  window; 
because,  if  the  glass  of  the  window  is  six  or  eight  inches  within  the  widl,  as  it 

generally  is,  not  a  ray  of  light  can  fall  upon  it  If  we  now  remove  our  window, 

and  substitute  another  in  which  all  the  panes  of  glass  are  roughly  ground  on  the 
outside,  and  flush  with  the  outer  wail,  the  light  from  the  whole  of  the  visible  sky, 
and  from  the  remotest  part  of  the  opposite  wall,  will  be  introduced  into  the 

apartment,  reflected  from  the  innumerable  faces  or  facets  which  the  grinding  has 

produced.  The  whole  window  will  appear  as  if  the  sky  were'  beyond  it,  and  from 

every  point  of  this  luminous  surface  light  will  radiate  into  all  parts  of  the  room." 
In  other  words,  the  more  light  your  window  can  itself  see,  the  more  it  will  be  able 
to  transmit 

For  lighting  cellars,  whether  used  for  business  purposes  or  as  habitations,  use 
should  be  made,  whenever  possible,  of  some  of  the  various  forms  of  lenses  or  prisms 

for  insertion  into  pavement  which  have  beei.  invented  during  the  last  few  years. 
By  an  arrangement  of  tliis  kind,  some  of  the  ga.4  and  water  subways  of  the  newest 
streets  in  the  City  are  very  effectually  illuminated ;  and  since  this  was  done,  the 

oontiivances  themselves  have  been  multiplied  and  improved. 
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CHAPTER  XXXVIII. 

REGULATION   AND   CONTROL   OF   DAYLIGHT   ILLUMINATION. 

DesinbiUty  of  Sun-light— Windows  with  Open  Prospect — ^Means  of  Preventing  Vision  through  ft 
Window— Cathedral  Glass— Window-blinds  -  General  Prinoiples. 

In  considering  the  best  aspect  for  windows,  architects  are  limited,  of  course,  bj 
the  itxiuirements  of  the  site  upon  which  they  build,  by  the  declivities  of  the  ground, 
by  the  view  which  is  to   be  obtained  in  this  or  that  direction,  by  the  general 

an-angements  and  sliape  of  the  house,  and  by  the  extent  to  which  its  walls   are 
presented  to  this  or  that  side  of  the  compass.     It  is  obvious  that  all  ix>oms  cannot 
have  the  best  aspect,  and  that  many  circumstances  must  determine  the  extent  to 
which  any  of  them  can  receive  this  advantage.     It  follows,  however,  from  what  has 
been  already  said  with  regard  to  the  hygienic  influences  of  light,  and  not  of  light 
merely,  but  of  the  actual  solar  ray,  that  it  should  be  an  object  to  introduce  this  ray 

wherever  jxissihle.     The  aspect  of  bed-rooms,  regarded  merely   as   sleeping   apart- 
ments, does  not  appear  to  be  of  much  importance,  since  they  are  chiefly  occupied  at 

times  when  the  sun  is  absent ;  but,  in  any  case  of  illness  which  promises  to  be  of 

long  duration,  a  room  affbi-ding    sunlight    should  always  be  selected,  so  that,  in 
every  house,  at  least  one  of  the  sleeping  apartments  should  be  so  placed  as  to  supply 
this  want     Day  nurseries,  again,  should  have  direct  sunlight;  and  so  should  all 

iDoms  which   "are    constantly   inhabited.        The   jwtency    of    sunlight,   however, although  highly  desirable  from  the  point  of  view  of  those  who  attach  importance  to 
cleanliness  and  to  the  prevention  of  disease,  is  often  in  much  disfavour  with  good 
housewives,  since  it  tends  to  bleach  nearly  all  coloured  fabrics,  and  is  even  accused 
of  putting  fires  out.     Hence,  in  many  dwellings  the  sun  is  treated  as  an  enemy  to 

be  excluded.     If  a  sitting-room  has  a  south  aspect,  its  window  is  furnished  with 
semi-opaque  blinds,  and  it  is  the  special  business  of  some  one  i>erson  to  keep  these 
drawn  down  during  most  of  the  day,  lest  the  sun  should  spoil  the  curtains  and  the 
carpet.     In  London   and    other  large   cities,   at  least,  carpets   and  curtains   are 

abominations — mere  dirt-traps,  which  become  loaded  with  powdered  filth  of  every 
description.     Few  people  have  any  conception  of  the  amount  of  dirt  contained  in  an 

ordinary  car|>et,  or  of  the  extent  to  which  what  is  commonly  called  "  bronchitis,"  and 
is  attributed  to  that  mysterious  agent,  "  a  cold,''  is  the  direct  result  of  drawing  this 
dirt  into  the  lungs  after  it  has  been  beaten  up  by  the  trampling  of  feet.     Cui*tains 
are  even  worse ;  for,  although  their  vertical  position   does  not  aflbrd  the   same 
facilities  for  lodgement  as  the  horizontal  position  of  the  carpet,  yet  there  is  much 
liarbour   for  dust  between  their  folds,  and  this  dust,  if  it  is  ever  shaken  out  by 
housemaids,  has  no  choice  but  to  descend  upon  the  horizontal  surfaces  of   the 
room  :  partly,  of  course,  upon  tables  and  other  articles  of  furniture,  but  chiefly  \i\yon 
the  floor,  there  to  await  the  next  stirring  from  the  feet  of  the  occupants.     If  any 

one  is  sceptical  on  these  points,  let  him  have  a  sitting-room  carpet  swept  with  a 

common  carpet  broom,  and  then  let  the  door  be  shut,  and  the  i*oom  left  quiet  for 
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the  (lust  to  Kf'ttlo.  Half-an-lioiir  afterwardH  he  will  find  a  thick  layer  of  it 'upon 
eveiy  horizontal  surface ;  and  if  he  possesaeB  a  niioix)8cope,  and  has  the  curiosity  to 
examine  this  dust,  and  to  see  of  what  materials  it  is  composed,  I  shall  count  upon 
him  as  a  convert  hefore  the  examination  has  been  pushed  very  far.  Household  dost 

is,  in  fact,  the  powder  of  dried  London  mud,  largely  made  up,  of  course,  of  finely- 
divided  granite  or  wood  from  the  pavements,  but  containing,  in  addition  to  these, 
))article8  of  every  description  of  decaying  animal  and  vegetable  matter.  The 
droppings  of  horses  and  other  animals,  the  entrails  of  fish,  tlie  outer  leaves  of 

cabbages,  the  bodies  of  dead  cats,  and  the  miscellaneous  contents  of  dust-bins 
generally,  all  contribute  thdir  quota  to  the  savoury  compound  ;  and  it  is  to  preserve 

a  harbour  for  this  compound  that  well-meaning  people  exclude  the  sun,  so  that  he 
may  not  be  guilty  of  spoiling  their  carpets. 

Having  digressed  thus  far,  it  is  perhaps  pardonable  to  extend  the  digression,  and 
to  suggest  an  alternative  for  the  fabrics  which  by  some  are  so  much  valued.  In  mj 

own  house  the  floors,  boUi  of  sitting-rooms  and  bedrooms,  are  covei'ed  by  oak 
parquetry,  laid  down  by  Messrs.  Howard  at  the  very  moderate  price  of  one  shilling 
and  twopence  per  foot,  which  is  not  the  cost  of  a  good  carpet^  and,  for  a  room 
twenty  feet  square,  amounts  to  just  £2Z  6s.  Sd.  More  elaborate  patterns  can  be  had 
at  higher  prices,  but  what  I  have  mentioned  is  quite  good  enough  for  ordioaiy 
rooms,  looks  handsome,  and  wears  for  ever.  It  should  not  be  waxed,  but  French 

polished ;  after  which  it  may  be  wiped  ever  or  swept  every  day  like  ihe  surface  of  a 
table,  and  once  a  month  or  so  it  should  be  wiped  with  spirit  of  turpentine,  which 
not  only  cleans  it  perfectly,  but  also  diffuses  a  fragrant  and  antiseptic  vapour 
through  the  atmosphera  By  opening  the  windows,  anything  which  fastidious 

l)eople  could  object  to  as  "  a  smell  of  turpentine,"  is  dissipated  in  an  hour  or  so ; 
but  it  must  not  be  forgotten  that  all  the  tei-ebinthinate  vapours  are  extremely  whole- 

some. A  loosely  woven  rug  or  two,  such  as  are  sold  under  the  name  of  Scinde  rugs, 
but  which,  for  anything  I  know  to  the  contrary,  may  be  made  in  Yorkshire,  will 
serve  to  break  the  monotony  of  the  floor  surface.  These  rugs  hold  but  little  dost, 
may  be  shaken  outside  the  door  every  morning,  and  are  so  cheap  that  there  need  be 
no  compunction  about  throwing  them  away  when  soiled,  and  buying  new  ones.  The 

great  question  of  curtains  admits  of  a  still  more  easy  solution ;  for  it  is  only  neces- 
sary to  bestow  some  taste  and  skill  npon  the  painting  and  decoration  of  the  wood, 

work  around  the  windows,  in  order  to  obtain  ornamental  sur&ces  which  no  one  who 

possessed  them  would*  wish  to  cover  up  and  conceal.  Where  this  cannot  be  done, 
let  the  curtains  be  of  some  white  fabric  of  a  6emi-trans|)arent  character,  such  as  lace 

or  gauze,  which  will  "  show  the  dirt "  to  such  an  extent  that  they  must  be  sent 
once  a  fortnight  to  the  washtub.  Assuming  that  it  may  sometimes  be  desirable  to 
moderate  or  regulate  the  admission  of  lights  this  may  be  done  by  roller  blinds 
of  fitting  material,  and  of  colour  suited  to  their  surroundings.  In  some  of  my  own 
rooms,  even  these  blinds  are  not  required,  the  windows  being  filled  with  slightly 
tintecl  cathedral  glass,  so  that  the  sunlight  which  passes  through  them  is  broken  and 
difiused  in  its  course,  and  produces  no  unpleasant  effect  by  its  brightness. 

We  are  naturally  led  on,  from  this  point,  to  the  consideration  of  window  glass; 
and  it  will  be  at  once  apparent  that  windows  may  be  divided,  as  regards  glazing, 

into  sevei*al  classea  There  are  windows  which  command  a  desirable  prospect, 
windows  which  are  valuable  for  lighting  purposes,  but  which  command  only  an 
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luidesimblo  pn)spect ;  and  tliei'o  are  wimlows  which  oro  only  wantetl  as  sources  of 
lights  in  rooms  the  occupants  of  which  are  not  requii^ed  to  look  out  of  them.  Th<* 
last  division  would  include  those  of  many  schoolrooms  and  workrooms  opening  upon 
streets,  in  which  it  would  be  an  object  to  exclude  the  sight  of  any  passing  objects 
of  a  kind  calculated  to  distract  the  attention  of  the  inmates. 

Where  the  prospect  from  a  window  is  itself  desirable,  and  when  it  is  also  desir- 
able that  this  prospect  should  be  seen  and  enjoyed  by  those  within,  glass  of  the  most 

pellucid  clearness  is  of  coui*se  to  be  preferred.  Common  window  glass,  as  everybody 
knows,  fulfils  what  may  be  desciibed  as  the  ordinary  requirements  in  this  particular, 
but  its  slightly  greenish  tint,  and  the  occasional  flaws  upon  its  surface,  are  sufficient 
to  declare  the  fact  of  its  presence,  and  to  show  that  something  intervenes  between 
the  prospect  and  the  spectator.  Wherever  the  increased  cost  is  not  prohibitive, 

plate-glass  is  much  to  be  preferred ;  not  only  because  its  transparency  is  such  as  to 
render  it  practically  invisible,  but  also  on  account  of  the  value  of  its  greater  thick- 

ness in  preventing  that  rapid  escape  of  the  heat  of  a  room  which  is  apt  to  occur 
through  thin  window  glass.  It  is  also  less  easily  penetrated  by  sound,  an 
advantage  in  noisy  streets  and  thoroughfares,  and  it  materially  strengthens 
windows  against  the  attacks  of  burglars,  a  matter  not  to  be  altogether  lost  sight 
of  by  the  builders  of  suburban  residences.  By  some,  slightly  tinted  transparent 
glass  is  preferred,  in  order  that  it  may  cast  a  certain  glow  and  refulgence  over  the 
landscape ;  and  for  this  purpose  a  light  purple  or  mauve  has  been  most  employed. 
The  effect  thus  produced  is  no  doubt  pleasing  for  a  time,  and  as  a  matter  of  variety 
from  more  customary  impressions ;  but,  in  fitting  up  a  house,  it  is  necessary  to 
remember  that  its  rooms  are  not  merely  for  the  accommodation  and  delectation  of 

chance  visitors,  but  that  they  are  to  be  lived  in,  year  after  year,  and  in  all  con- 
ditions of  light,  of  sky,  and  of  atmosphere.  In  that  which  is  always  with  us, 

nothing  is  so  permanently  soothing  and  pleasant  as  simplicity,  and  anything  which 
widely  departs  from  simplicity  never  fails,  in  the  long  nm,  to  feitigue  both  the  eye 

jmd  the  attention.  Nature's  own  harmony  of  colour,  in  garden  or  landscape,  will  be 
a  source  of  more  lasting  pleasure  that  the  same  outlines  when  seen  through  a 
transforming  medium ;  and,  in  accordance  with  the  rule  laid  down  by  Professor 
Barff,  and  already  mentioned,  the  tints  which  are  the  immediate  results  of  the 
dispersion  of  sunlight,  and  which,  if  recombined,  would  blend  in  whiteness,  are 
more  restful  and  pleasing,  when  long  regarded,  than  any  others  by  which  they  can 
Ijc  replaced. 

If,  as  must  often  be  the  case  in  London  and  other  large  towns,  especially  with 
Wk  windows,  the  view  commanded  by  one  which  cannot  be  dis|)ensed  with  as 

A  source  of  light  is  otherwise  of  an  unpleasant  character ;  the  prospect  of  a  mews, 
for  example,  or  of  the  backs  of  the  houses  in  an  adjacent  street,  the  problem  of 
admitting  the  light  while  the  view  is  excluded  may  be  solved  in  various  ways.  For 
rooms  which  are  not  inhabited,  such  as-  bath-rooms  and  the  like,  in  which,  moreover^ 
it  is  often  desirable  to  exclude  not  only  a  look  out,  but  also  the  power  of  others  to 
look  in,  any  of  the  numerous  cheap  forms  of  fluted  or  ground  glass  will  suflice. 
AH  such  glass,  as  has  been  already  mentioned  in  a  quotation  from  Sir  David 
Brewster,  increases  the  amount  of  light  which  finds  entrance  through  the  window 
opening ;  and  the  precise  texture  of  its  surface  is  a  matter  of  little  or  no  moment 
Where  ornament  is  desirable,  either  from  within  or  from  without^  what  is  called 
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einlK>hS(Hl  glass  will  supply  the  I'equirement.  In  tliis,  a  floor  de  lis,  a  diaper,  a  fret, 
or  some  other  8iDi})Ie  pattern,  not  large  enough  or  continuous  enough  to  produce  a 

practical  transparency,  is  sunk  or  stamped*  upon  the  sheet  of  glass ;  and  then  Uie 
remainder  or  raised  portion  is  ground  so  as  to  transmit  light  but  to  obstruct  vision. 
Such  glass  is  made  in  thick  sheets  resembling  plate,  is  very  moderate  in  cost^  and 
has  the  advantage,  like  plate,  of  retaining  the  warmth  of  the  interior.  It  is  also  so 
strong  as  to  be  scarcely  at  all  liable  to  domestic  breakage,  and  will  withstand  the 

sliock  of  a  child's  hard  ball,  even  if  thrown  with  considerable  force. 
When  it  is  desired  to  exclude  the  view  from  the  window  of  a  sitting-room,  the 

l>est  material,  beyond  all  question,  is  slightly  tinted  cathedral  glass.  The  tint  must 
not  be  strong,  or  it  will  in  time  be  wearisome  to  the  eye ;  and  the  colours  selected 
must  be  such  as  to  produce  a  white  light  combination.  Cathedral  glass  is  usually 
cut  into  pieces  about  three  inches  square,  which  are  mounted  in  lead ;  and,  assuming 
the  original  window  to  have  large  panes,  the  best  method  of  proceeding  is  to  line 
each  of  these  with  a  compound  pane  made  up  of  the  small  pieces,  and  fixed  to  the 
sash  bars  by  screws  or  slight  wooden  fillets,  so  arranged  that  the  coloured  glass  am 
be  taken  down  whenever  necessary,  to  be  cleaned  itself,  and  to  allow  the  transparent 
glass  behind  it  to  be  cleaned  also.  A  very  excellent  and  permanently  pleasing 
etiect  may  be  produced  by  making  each  compound  pane  of  alternate  squares  of  a 

very  light  tender  green  and  soft  gi'ey ;  the  small  quantity  of  brighter  colour  required 
being  introduced  in  a  narrow  border  formed  of  strips  of  red,  yellow,  and  blue 
in  rotation.  Such  compound  panes  can  be  supplied  at  about  four  shillings  the 
superficial  foot.  The  textui^  of  the  cathedral  glass  is  such  that  it  does  not  diminish, 
nay,  it  probably  somewhat  increases,  interior  illumination ;  but  the  light  which 
it  transmits  is  so  broken  in  its  passage  that  there  is  no  definite  beam,  even  in  direct 

sunlight,  and  consequently  no  glare  or  unpleasant  reflection  from  any  part  of  the 
room.  With  such  a  window  there  can  never  be  any  occasion  to  draw  cui-tains  or  to 
pull  down  blinds;  and  hence  these  dirt  traps  may  be  omitted  from  the  scheme 
of  furnishing.  Where  a  greater  amount  of  ornament  Ls  desired,  or  where  it  would 
be  in  harmony  with  the  rest  of  the  apartment,  the  squares  may  be  enriched  by 
patterns  painted  ui)on  them  and  burnt  in.  A  simple  diaper,  a  fleur  de  lis,  a  Tudor 
rose,  a  sprig  of  leaves  and  blossom,  either  natural  or  conventional,  may  thus  be 
executed  at  a  moderate  expense;  or  the  centres  of  the  panes  may  be  occupied 
by  something  more  ambitious,  as  by  aimorial  bearings,  by  figures,  or  by  heads,  and 
the  lead  mounting  may  be  altered  in  appearance  by  being  gilt.  On  the  whole, 
however^  and  for  ordinaiy  houses,  I  still  maintain  that  simplicity  is  best 

As  seen  fi'om  the  exterior,  the  eflbct  of  the  cathedral  glass,  if  not  beautiful,  is 
at  least  in  no  way  conspicuous  enough  to  be  unpleasing ;  and  the  same  applies  to 
the  effect  which  it  produces  from,  the  interior,  when  the  room  is  lighted  up  by 

"artificial  means.  It  is  then  to  all  intents  and  purposes-  invisible,  and  there  iB 
nothing  which  would  call  attention  to  such  a  window  at  all. 

I  have  often  heard  it  said,  as  an  unanswerable  objection  to  my  proposal  to 

abolish  window  curtains,  that  they  keep  a  room  warm ;  that  an  *'  unprotected " 
window  is  a  source  from  which  a  constant  current  of  cold  air  rushes  towards  the 

fire,  chilling  on  its  road  all  those  occupants  of  the  room  whom  it  encounters ;  and 

that  there  is  nothing  so  "  cosy,''  which  I  should  translate  ''stufiy,"  as  to  draw  the 
window  curtains  on  a  winter's  nighty  and  then  to  sit  around  the  cheeif  ul  blaze  of  the 
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fiif.  If  a  house  has  been  "run  up"  hy  a  s]jeculative  huilder,  if  the  window- 
ft-ames  do  not  fit  the  sashes,  and  if  the  absence  of  any  designed  arrangement  for  the 
admission  of  air  receives  a  large  compensation  from  what  may  be  called  accidental 
or  crevice  ventilation,  then,  no  doubt,  curtains  may  be  used  with  advantage  in  the 

manner  described.  If  the  window-glass  is  very  thin,  a  mere  partition  through 
^Iiich  the  external  and  internal  temperatures  are  peri>etually  trying  to  equalise 
themselves,  then  also  the  argument  may  hold  good  in  some  degree.  But,  if  the 

sashes  fit  properly,  and  the  glass  is  of  proper  thickness,  no  current  of  cold  air  from 
tlie  window  will  exist,  and  the  inner  panes  of  cathedral  glass  are  great  additions 
to  comfort  in  this  respect.  They  not  only  double,  or  more  than  double,  the  thickness 

of  tbe  window,  but  they  present  this  thickness  in  two  separate  layei-s,  between 

^'liich  the  most  complete  non-conductor,  a  layer  of  still  air,  is  i*etained.  In  order 
to  retain  this  completely,  the  edges  of  the  wooden  fillets  may  be  united  to  the 

compound  panes  by  putty,  and  then  the  two  interior  or  opposed  sui-faces  of  glass, 
being  closed  against  the  entrance  of  6h%  will  not  require  cleaning. 

The  same  compound  panes  may  be  used  with  great  advantage  .to  line  the 
lower  halves  or  lower  portions  of  ordinary  windows,  in  lieu  of  blinds  of  any  other 

(lci5cription.  They  entirely  conceal  the  occupants  of  a  room  from  external  })assei's- 
l>y,  and  they  are  much  more  in  harmony  with  the  notion  of  a  window  than  any  of 
tbe  bits  of  canework  or  basket-work,  the  fmmed  sheets  of  wire  gauze,  the  cases  of 
ferns  and  butterflies,  and  the  various  other  contrivances  too  numerous  to  mention, 

by  which  the  lower  portions  of  many  ground-floor  windows  are  customarily  dis- 
figured- Still  more  are  they  to  be  preferred,  for  bed-rooms,  to  the  draggle-tailed 

abominations  known  as  muslin  blinds,  which,  from  the  outside,  never  look  tidy 

unless  an  upholsterer's  man  is  employed  to  come  once  a  week  to  change  and  fix 
them.  When  left  to  the  tender  mercies  of  the  average  housewife  or  housemaid, 
and  changed  only  at  her  discretion,  they  are  not  to  be  seen  from  the  street  without 
a  shudder.  The  blinds  of  cathedral  glass  can  be  washed  in  fire  minuses  with  a 

sponge  and  water,  they  are  always  neat-looking  from  the  exterior,  and  their  soft 

light  is  alwa^'s  pleasant  and  harmonious  to  those  within.  In  this  account  of  them, 
however,  I  must  be  understood  to  speak  only  of  the  small  squares  of  soft  colour, 
and  not  of  the  more  ambitious  peiformances,  containing  figures  of  sprawling 

nymphs,  or  heads,  "  taken  from  the  antique,"  of  which  there  are  a  few  specimens 
to  be  seen  in  London  thoroughfares.  Neither  are  my  observations  intended  to 
apply  to  those  cases  in  which  the  lead  mounting  of  the  small  squares  is  gilded. 

The  intense  "brassiness"  of  aspect  which  is  presented  by  gilding  in  such  a 
situation  is  something  almost  too  paiuful  to  contemplate. 

The  selection  of  roller  blinds  for  the  situations — and  they  are  very  numerous — ^in 
which  such  blinds  are  beneficial,  is  a  matter  which  should  receive  careful  attention. 

The  materials  available  for  the  purpose  have  much  increased  in  number,  and  also  in 

beauty  and  fitness,  during  the  last  few  years,  and  the  old-fashioned  white  roller 
blind  is  probably  now  only  to  be  found  in  a  few  badly-furnished  inns  or  remote 
country-houses.  The  colour  selected  must  necessarily  be  governed,  in  the  majority 
of  cases,  by  that  of  the  rest  of  the  furniture  or  decorations  of  the  room,  with  which, 
of  coarse,  the  blinds  should  be  in  harmony ;  but  the  material  should  always  be  of 
efficient  thickness  to  be  eflfectual  as  an  impediment  to  the  passage  of  light,  and  to 
damp  or  exclude  it  in  a  decided  manner.  The  white  blind  conspicuously  fails  in 

80 
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this  i^MK*t,  and,  indood,  sc'aivoly  auswei's  any  other  pui*p06e  than  to  prfivfni 
persons  on  the  outsicle  of  a  window  from  seeing  into  the  room.  A  good  and 
comimratively  ojioque  blind  is  made  of  a  sort  of  hollan<1,  dyed  of  a  dark  greeu, 
buff,  or  red  colour,  but  perliaps  the  1»est  material  is  eitlier  tammy  or  what  is 

known  as  *^  tick,"  a  fabric  which  bears  some  resemblance  to  ordinary  bed-ticldiig. 
A  i>erfectly  opaque  blind  has  recently  been  introduced,  made  of  a  material  called 

*'  empire  cloth,"  but  I  have  no  experience  of  its  qualities.  The  colour  of  a  blind 
is,  I  think,  a  matter  of  small  consequence,  as  long  as  the  tissue  from  whidi  it  is 
made  is  of  sufficient  thickness  in  all  its  parts.  We  often  see  striped  matemla 
which  do  not  fulfil  this  conditio^,  and  which  are  very  objectionable.  .  A  blind 
striped  with  white  and  some  darker  colour,  arranged  in  longitudinal  bars,  is  quite 

harmless  as  long  as  the  white  portions  do  not  admit  more  light  than  the  rest ;  but^ 
if  it  presents  to  the  eye  an  alternation  of  light  and  dark,  as  well  as  of  colour,  it 
soon  becomes  disagreeable  and  fatiguing.  Theoretically,  blinds  which  are  dark 
green  or  blue  should  be  more  soothing  to  the  sight  than  those  which  are  red  or 
yellow,  but  I  doubt  whether  this  will  be  found  to  be  the  case  in  practice,  at  lea8t 

in  any  important  degree.  I  haye  lived  a  good  deal  in  rooms  with  red  blinds,  and 

also  in  rooms  with  buff  or  yellow  blinds,  and  never  perceived  the  smallest  incon- 
venience from  either. 

It  must  be  remembered  that  blinds  are  required  to  be  of  different  qualities  in 
accordance  with  the  rooms  in  which  they  are  placed,  or,  rather,  in  aooordance  with 
the  several  purposes  to  which  those  rooms  are  devoted. 

In  ordinary  sitting-rooms,  the  chief  use  of  a  blind  is  occasionally  to  subdue  the 
direct  solar  light,  when  it  shines  in  through  a  transparent  window  in  such  a  manner 

as  to  be  dazzling  to  the  occupants,  and  for  this  purpose  a  comparatively  thin 
material  will  be  sufficient.  We  have  seen  already  that  free  exposure  to  the  solar 
light  is  good  and  healtliful,.  and  therefore  the  less  of  this  light  we  exclude  the 

bettei*,  so  long  as  the  requirements  of  comfort  are  fulfilled.  A  blind  of  light  semi- 
transparent  tammy,  preferably,  perhaps,  of  a  blue  or  green  colour,  will  be  sufficient 
to  allow  ordinary  occupations  to  be  carried  on  in  any  part  of  the  room,  without 

interference,  or  distress  of  the  eyes,  by  reason  of  solar  glare.  As  already  written, 
I  have  no  sympathy  with  those  good  housewives  who  would  pull  down  opaque 
blinds,  and  exclude  as  much  light  as  possible  from  themselves  and  from  their 

families  in  order  to  protect  a  carpet  which  would  be  far  better  discarded. 
In  workrooms,  or  places  in  which  the  eyes  are  used  continuously,  instead  of  in 

the  intermitting  fashion  of  domestic  life,  and  in  which  the  aspect  of  the  windows  Ls 
such  that  at  certain  times  of  the  day  the  sunlight  not  only  streams  in  at  certain 

windows,  but  also  falls  directly  upon  the  tables  or  the  eyes  of  the  workers,  the  object 
of  the  blinds  sliould  be  to  convert  this  direct  sunlight  into  the  semblance  of  diffused 

daylight,  and  to  preserve,  as  much  as  possible,  uniformity  of  illumination.  For 
this  purpose,  the  blinds  should  be  of  uniform  tint,  dark  enough,  but  not  too  daik, 

and  permitting  the  somewhat  free  passage  of  the  rays  which,  nevertheless,  tbey 
completely  diffuse  or  scatter.  No  certain  rule  can  be  laid  down,  as  much  must 

depend  upon  the  size  of  the  window  opening,  its  distance  from  the  seats,  of  the 

workers,  its  precise  aspect,  and  other  similar  considerations.  An  employer  or  a 
teacher  who  wishes  for  good  work  must  take  the  trouble  to  satisfy  himself  that  the 
best  attainable  conditions  of  illumination  are  seouredi  by  the  exclusion  of  hght 

i 
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when  necessaiy  as  well  as  by  its  admission  ;  and  the  crucial  test,  in  every  case,  will 
bo  supplied  by  the  comfort  or  discomfort  of  the  workers. 

But  the  place  where  the  blind  most  requires  to  be  considered,  and  to  be  effectual, 
is  a  bedroom,  especially  one  facing  towards  the  east,  and  in  which  the  shape  and 
other  peculiarities  of  the  room  render  it  convenient  to  place  the  bed  opposite  the 
window  or  windows.  In  the  conditions  of  jnodem  civilisation,  there  are  very  few 
persons  who  can  afford  to  be  wakened,  or  even  to  pass  fix>m  sound  into  light 
slumber,  at  daybreak,  and  yet  this  effect  is  often  produced  by  the  morning  light, 
imperfectly  excluded  from  the  apartment.  Darkness  is  a  most  important  aid  to 

sound  and  refreshing  sleep,  and  few  things  are  more  distressing,  to  anyone  accus- 
tomed to  a  well-darkened  bedroom,  than  to  be  aroused  by  the  sunlight  shining  in 

upon  a  strange  bed,  at  an  hour  when  none  of  the  inmates  of  the  house  are  stirring. 
For  a  bedroom  with  its  bed  facing  a  window,  and  especially  an  east  window,  into 
which  the  morning  sun  shines,  not  only  should  the  blinds  be  of  dark  and  opaque 
material,  and  so  carefully  fitted  that  no  lines  of  bright  light  find  admission  on 
either  aide  of  them,  but  the  aid  of  shutters  should  also,  generally  speaking,  be 
obtained.  It  is  always  easy  to  provide  the  means  of  being  awakened  at  any 
neoeasary  hour ;  it  is  seldom  possible  to  resume  the  thread  of  a  sleep  which  has 

been  prematurely  interrupted.  An  incidental  advantage  of  using  bedroom  shuttei-s, 
and  one  not  to  be  despised,  is  that  when  they  are  shut  and  opened  every  day,  there 
is  less  than  the  ordinaiy  probability  of  accumulations  of  dirt  being  suffered  to  rest 
undisturbed  behind  them.  Of  course,  the  artificial  darkness  must  be  exchanged, 
as  soon  as  the  period  allotted  to  sleep  is  over,  for  the  freest  possible  admission  of 
sunlight^  in  order  to  obtain  its  purifying  influence.  When  the  bed  can  be  so  placed, 
in  relation  to  the  windows,  that  the  morning  light  does  not  fall  directly  upon  the 
fsuoe  of  the  sleeper,  it  is  not  necessaiy  to  insist  upon  such  rigorous  exclusion. 

To  sum  up  what  has  been  said,  the  general  principles  on  which  to  regulate  the 

lighting  of  rooms  are  mainly  these.  The  window  space  should  be  ample  ;  the  win- 
dows so  situated  as  to  allow  desks  or  work-tables  to  be  placed  in  such  a  manner  that 

the  occupants  have  the  chief  light  on  the  left  front,  or  else  so  high  above  them  that 
the  eyes  when  raised  from  the  work  do  not  receive  an  increased  illumination.  When 
facing  windows  are  inevitable,  they  should  be  glazed  with  large  panes,  not  with 
small  parallelograms,  the  outlines  of  which  are  distressing  to  many  eyes,  and  they 
should  be  well  furnished  with  good  blinds  for  the  sake  of  toning  down  the  light  at 
periods  when  it  would  otherwise  be  excessive,  and  of  keeping  it  approximately  equal 
at  different  timea  of  the  day  and  different  seasons  of  the  year.  When  the  admission 
of  light  is  required  without  an  outlook,  the  various  forms  of  ground  or  rolled  glass 
should  be  used  for  rooms  in  which  ornament  is  not  essential ;  and  for  others  the 

same  purpose  may  be  better  fulfilled  by  the  use  of  cathedral  glass,  tinted  in  soft 
colours  and  low  tones. 
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rHAPTER  XXXIX. 

ARTIFICIAL   ILLUMINATION— INX'AXDESCENCE  —  NATTTRAL   AND    ARTIFICIAL 

LIGHT  COMPARED. 

Incandescence— Cknenl  Nature  of  the  Illumination  from  a  Flame— Incandeaeenoe  canted  by  tn 

CUectric  Current— General  Characteristics  of  Artificial  light— Injurious  Effects  of  OrtUntiy 
ArtificUl  Light -Peculiarities  of  the  Electric  Light. 

In  the  English  climate,  and  in  the  exiHting  state  of  civilisation,  the  light  which 

Lb  derived  immediately  from  the  sun  supplies  but  a  conipamtively  small  portion  of 

the  wants  of  the  inhabitants ;  and  there  are  many  of  tlie  busiest  and  most  active 

hours  of  life  in  which  we  ai-e  entii-ely  dependent  upon  arti6cial  substitutes.  With 
sunlight,  our  powera  are  limited  to  regulating  the  conditions  of  its  admission,  and  to 
modifying  its  character  by  the  subtraction  of  some  of  its  parts ;  but  artificial  light, 
as  far  as  its  properties  extend,  is  much  more  under  our  control.  It  is  thereforp 

highly  important  that  we  should  select  such  forms  of  it  as  are  most  conducive  to  the 

welfare  of  the  eyes,  to  accurate  and  sustained  vision,  and  to  the  purity  of  the  atmos- 
phere of  our  dwellings.  On  all  these  points  there  are  many  elements  to  be 

considered. 

Artificial  light  is  obtained  by  i*aising  some  substance  to  such  a  temperature  that 
it  becomes  incandescent,  and  this  is  accomplished  in  various  ways ;  the  colour  of  the" 
resulting  light  bearing  a  general  relation  to  the  elevation  of  the  temperature.  A 
heated  bar  of  iron,  even  while  it  is  still  black,  imparts  to  the  surrounding  ether  a 
movement  like  that  of  the  large  waves  beyond  the  visible  red  of  the  spectrum,,  and 
this  movement  is  felt  as  warmth.  As  the  temperature  of  the  iron  rises,  the  waves 

increase  in  ]*apidity  of  recurrence  and  diminish  in  length;  imtil,  in  time,  they 
become  visible  in  the  form  of  red  light,  and  we  say  that  the  iron  is  red  hot  Tlie 
temperature  still  rising,  white  heat  is  attained ;  or,  in  other  words,  the  vibrations 
assume  sufficient  rapidity  to  produce  the  other  elements  of  the  solar  spectrum,  and 
the  commingling  of  all  the  waves  is  felt  as  white  light. 

Until  a  comparatively  recent  period,  the  incandescence  required  for  artificial 
illumination  was  obtained  exclusively  by  the  utilisation  of  the  heat  developed  during 
the  occurrence  of  chemical  change ;  but  to  this  must  now  be  added  that  which  is 
derived  from  the  impeded  conduction  of  an  electric  current. 

The  chemical  change  which  is  accompanied  by  the  development  of  heat  and  light 
is,  most  commonly,  oxidation ;  and  the  substances  which  would  bum  in  the  presence 
of  oxygen,  under  favourable  conditions,  are  very  numerous.  The  luminosity  which 

they  yield  when  burning  does  not  depend  only  upon  the  temperature  which  is  pro- 
duced, but  also  ui)on  the  character  of  the  particles  of  the  resulting  oxide,  and  upon 

their  capacity  for  becoming  incandescent.  If.  we  bum  pure  hydrogen,  the  flame  is 
intensely  hot,  but  is  only  faintly  luminous,  because  the  resulting  oxide  is  water, 

and  the  particles  of  water  are  ill-adapted  for  the  display  of  luminosity.  If,  on  the 
other  hand,  we  bum  a  piece  of  magnesium  or  zinc  wire,  the  luminosity  is  intense, 
because  the  resulting  oxide  of  magnesium  or  of  zinc  is  capable  of  being  raised  to  a 

i 
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vliite  heat  withont  being  thereby  either  dissipated  or  destroyed.     Magnesium  and 
line,  however,  like  many  other  subetauces  which  yield  an  abundant  luminosity,  are 
not  managoable  in  practice,  on  account  of  the  difficulty  of  dealing  with  the  bulky 
pnxluctii  of  tbeir  combustion.     The  oxide  of  either  metal,  after  being  for  a  moment 
LeHt^l  to  whiteness  in  the  flame,  would  fall  out  of  it  by  the  action  of  grtLvity,  and 
would  be  dejjoaited  as  a  white  powder  below  ;  wliije  yet  another  objection  would 
arise  from  the  very  rapid  wasting  of  the  metallic  fuel.      In  practice,  the  best  rexults 
oltainable  by  combustiou  are  those  yielded  by  burning  mixtures  or  comjxjunds  of 
iijdrogen  and  carbon.     In  these,  the  affinity  of  hydrogen  for  oxygen  being  greater 

tlian  that  of  carbon,  the  whole  of  the  oxygen  immediately  sun-uunding  the  Hamc  is 
at  (intt  seized  upon  by  the  hydrogen,  intense  beat  witli  faint  luminosity  is  pi-odutud, 
and  the  carbon  is  set  free.      The  liberated  carbon,  which  is  iu  a 
folate  of  extremely  line  division,  becomes  heated  to  incandesceiice 
in  the  hydrt^n  Same,   which  it  renders  brightly  luminous  ;   and 
tiieu,  instead  of  falling  aa  the  oxides  of  zinc  or  of  magnesium  would 

Jo,  it  finds  a    supply  of    oxygen   fov   itself    outside  of   the  i-egiou 
within  which  the  claims  of  the  hydrogen  are  satisfied,  and  is  itself 
oxidisetl  in  its  turn,  and  converted  into  carbonic  acid  or  carbonic 
oxide,  the  latter  only  Teiy  sparingly.     The  main  products  of  such 
coubustiou,  therefore,  are  carbonic  acid  gas  and  water;    and  com- 

bustion vitiates  the  atmospliei-e  in  two  ways,  first,  by  withdrawing 
oxygen,  secondly,  by  producing  carbonic  acid. 

The  changes  above  described,  as  they  occur  in  a  common  candle, 

nisy  be   illustrated  by  the  diagram  in  Fig.  185.     'Hie  heat  of  the 
flame  liquefies  the  portion  of  the  candle  immediately  beneath  it,  and 
thus  forms  a  little  cup  or  reserroir  of  hot  oil.      This  oil  ascends 
ibrough  the  fibres  of  the  wick  by  capillary  attraction,  and  readies 
tbe  interior  of  the  flame,  where,  being  screened  from  oxygen,  it  is 
subjected  to  a  kind  of  distillation,  and  is  converted  into  gas.     The 
iiyjrogen  element  of  this  gas  bums  in  tbe  manner  already  described, 
aud  the  carbon  element,  first  heated  to  whiteness  or  redness  in  the 
hydrogen  flame,  is  oxidised  immediately  around  it.     In  course  of  time,  aa  the  fat  is 
CDusnmed,  its  level  descends;  and  tbe  charred  and  partially  consumed  wick  would 
therefOTe  rise  to  a  greater  height  in  the  flame,  lowering  the  temperature  by  ita 
pretence,  and  diminishing  tbe  combustion  and  tbe  consequent  luminosity,     Tliis 
difficulty,  which  our  forefathers  overcame  by  the  \ise  of  snuffers,  is  now  obviated 
by  causing  the  wick  to  curl  outwards  to  the  edge  of  the  flame,  where  the  ash  of  its 
terminal  twrtion  oonstantly  either  falls  or  is  itself  oxidised. 

In  tho  forma  of  incandeacence  which  constitute  what  is  known  as  the  electric  light, 
tiie  heat  is  obtained  by  tiie  impeded  conduction  of  an  electric  current  The  process 
which  is  described  as  conduction  is,  no  doubt,  the  excessively  rapid  propagation  of 
wave  movement  through  the  constituent  molecules  of  the  conducting  substance ; 
uid  the  fiurt  that  impeded  or  arrested  motion  shows  itself  in  the  form  of  heat  is  one 
of  the  elementary  trutlis  of  physica  If  an  electric  current  is  passing  easily  through 
»  wire  of  given  sectional  area,  and  if  we  intciTupt  its  pcogress  by  introducing  . 
into  the  (.'irruit  a  piece  of  wire  of  much  smaller  sectional  area,  the  latter  instantly 
becomes   heateil    in  a  degree  corresponding  to   the  iuqiediment   which  it  oflera 
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to  the  current  In  the  aiipHcation  of  the  heat  thus  obtained  to  practical  purposes, 
it  is  usual  to  have  the  thin  vrire  of  platinum,  on  account  of  the  resistance  which  it 

otfers  to  fusion  ;  tliin  wii*e8  of  any  metal  of  ordinary  fusibility  being  liable  to  be 
rapidly  melted,  with  consequent  destruction  of  the  electric  circuit  Thd  glowing 

platinum  wire  has  long  been  employed  for  many  purposes,  in  surgery  as  a  caat«rv, 
and  in  public  buildings  as  a  means  of  lighting  gas  jets  which  are  not  conTenientlv 
accessible  in  the  ordinary  way. 

When  an  electric  current  of  sufficient  power  passes  through  a  circuit  which  is 

jiartly  made  up  of  two  rods  of  carlK>n,  the  extremities  of  which  are  in  contact,  and 
when  these  extremities,  during  the  passage  of  the  current,  are  drawn  somewhat 
asunder,  the  current  will  leap  across  the  intervening  space,  so  long  as  this  is  not  too 
considerable.  The  space  in  question  will  then  be  occupied  by  atmospheric  air  and 
other  gaseous  matter,  containing  a  quantity  of  carbon  in  exceedingly  minute  division ; 

and  the  resistance  thus  offered  to  the  passage  of  the  curi'ent  produces  sufficient  heat 
to  raise  the  carbon  and  other  particles  to  a  state  of  brilliant  incandescence.  The 
luminous  track  thus  formed  is  called  the  electric  arc,  and  is  the  source  of  light  in 

several  well-known  forms  of  electric  lamp.  It  is  subject  to  the  disadvantage  that 

the  resistance  of  tlie  gaseous  matter  to  the  current  is  not  constant,  but  var3ring  per- 
petually ;  and,  as  the  degree  of  luminosity  varies  inversely  as  the  resistance,  the 

light  appears  to  flicker  from  one  moment  to  the  next.  Moreover,  the  carbon  rods 

l)eing  consumed  by  the  disruption  of  their  terminal  portions,  the  interval  between 
them  constantly  increases.  After  it  has  passed  a  certain  limit,  the  light  wanes ; 
and,  if  this  limit  were  much  exceeded,  the  current  would  no  longer  bo  able  to  cross 

the  interval,  the  circuit  would  be  broken,  and  the  light  would  go  out  It  is  there- 
fore necessary  to  provide,  by  clockwork  or  other  means,  for  the  regular  approxima- 
tion of  the  rods  as  fast  as  they  are  consumed ;  and  the  practical  effect  of  this 

necessity  is  that,  beyond  the  constant  liability  to  flicker,  the  light  wanes  a  little 
from  its  brightest  as  the  rods  are  consumed,  and  at  short  intervals  of  time  suddenly 
brightens  up  as  they  are  once  more  pushed  together. 

On  account  of  the  inconveniences  hence  arising,  and  also  on  account  of  the 
overwhelming  brilliancy  of  the  light  being  such  as  to  render  it  unsuitable  for 
ordinary  rooms  and  other  limited  areas,  it  has  long  been  an  object  of  desire  to  find 
some  solid  substance,  which  could  be  rendered  incandescent,  as  a  substitute  for  the 
gaseous  incandescence  of  the  electric  arc.  The  chief  difficulty  was  the  liability  to 
fusion  of  almost  all  the  materials  which  were  at  flrst  employed  for  the  purpose,  and 

among  which  platinum  and  iridium  wei-e  the  most .  important  Aftor  a  time  it 
was  suggested,  I  think  by  Mr.  Edison,  that  a  slender  rod  of  solid  carbon,  supported 
in  a  vacuum,  might  be  used  as  the  incandescent  material ;  and  he  employed  for  this 

purpose  a  small  horse-shoe  shaped  piece  of  changed  cardboard,  inclosed  within  a  glass 
globe  exhausted  of  air,  with  such  results  as  to  lead  to  a  grave  announcement  that 
the  difficulties  of  electric  lighting  for  domestic  uses  had  been  overcome.  As  it 

turned  out,  this  announcement  was  at  least  premature ;  but  several  other  experi- 
menters have  since  been  working  in  the  same  direction,  and  with  the  general 

result  that  slender  loops  of  carbon,  rendered  incandescent  in  vacuo,  or  in  sealed 
globes  containing  some  gas  which  is  not  a  supporter  of  combustion,  are  expecteil  to 
Ornish,  at  least  for  domestic  purposes,  the  electric  light  of  the  immediate  future. 
Co  this  subject  it  will  be  necessary  to  return  heiieafter,  the  olvject  in  tliis  place  being 

i 
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merely  to  explain  the  principles  on  which  the  various  forms  of  artificial  light 
depend. 

Putting  aside  electricity  for  the  moment,  and  speaking  of  actual  practice,  it  may 

^)e  said  that  all  the  other  forms  of  artificial  light  in  use  are  produced  by  the  com- 
bustion of  some  compound  of  hydrogen  and  carbon,  previously  volatilised  or  brought 

into  the  gaseous  condition.  In  burning  what  is  commonly  called  gas,  this  in  the  natural 
physical  condition  of  the  fuel;  in  burning  oil  or  fat  the  volatilisation  is  efiected  in 
the  immediate  vicinity  of  the  flame,  by  the  heat  given  out  by  the  combustion  of  the 
particles  last  consumed.  Combustion  is  a  chemical  change,  which  consists  essentially 

of  the  decomposition  of  the  burning  hydro-carbon  into  its  two  elements,  both  of 
which  unite  with  the  oxygen  of  the  atmosphere,  the  hydrogen  immediately  to  form 

water,  the  carbon  ultimately  to  form  carbonic  acid.  When  the  hydro-carbon  is 
impure,  as,  for  example,  when  gas  or  oil  contains  sulphur,  any  impurities  present 
will  also,  as  a  rule,  be  more  or  less  completely  oxidised,  and  will  produce  chemical 

compounds  according  to  their  several  natui*es  and  properties. 
The  carbon  which  la  found  in  the  inorganic  kingdom,  whether  in  a  pure  form,  as 

graphite,  in  solid  combinations,  as  coal,  or  in  liquid  combinations,  such  as  petroleum 

and  other  so-called  mineral  oils,  has  all  been  originally  withdrawn  from  the  atmos- 
phere by  vegetable  growth,  under  the  stimulus  of  solar  light ;  and  the  hydro-carbons 

of  the  animal  kingdom,  such  as  the  various  forms  of  fat,  have  derived  their  carbon 
from  iihe  employment  of  vegetable  matter  as  an  alimentary  material ;  so  that,  in 
point  of  fact,  all  the  forms  of  combustion  by  which  we  ordinarily  produce  light  and 
heat  are  nothing  but  reversals,  on  a  small  scale,  of  the  solar  action  of  former  periods, 
and  all  artificial  light  is  derived,  at  least  indirectly,  from  the  sun.  The  cheerful 

glow  and  the  genial  warmth  of  our  coal  fires  are  but  the  re-appearance,  in  those 
forms,  of  the  solar  force  which  caused  the  growth  of  a  primeval  forest,  and  which 
has  since  been  engaged,  until  liberated  by  human  agency,  in  binding  together  the 
elements  of  which  the  coal  was  composed. 

Still  excepting  the  electric  light,  nearly  all  the  other  forms  have  this  common 
characteiistic,  derived  from  the  imperfect  incandescence  of  the  carbon  furnished  by 
their  several  fuels,  that  they  are  poor  in  blue.  The  heat  furnished  by  the  hydrogen 
flame,  as  ordinarily  produced,  is  not  sufi&cient  to  raise  the  carbon  particles  to  a 
temperature  at  which  they  will  yield  the  solar  proportion  of  violet  rays.  If  we 
throw  the  spectrum  of  any  artificial  light  upon  a  screen,  and  compare  it  with 
the  solar  spectrum,  we  shall  find  that  the  former  presents  a  fair  approach  to  the 
ktter  at  the  red  end,  but  that  it  is  cut  off  prematurely  at  the  violet  end ;  the 
differences  between  different  kinds  of  flame  in  the  amount  of  their  violet  being 
considerable,  but,  even  in  the  best  of  them,  the  deficiency  being  very  marked.  The 
necessary  consequence  of  this  poverty  in  violet  \a  that  ordinaiy  artificial  light  is 
of  a  reddish,  yellow,  or  orange  colour  when  compared  with  sunlight ;  and  that 
hence  it  disguises,  more  or  less,  the  natural  colours  of  all  the  objects  which  it 
displaya  It  does  this  in  two  ways :  first,  by  not  supplying  light  enough  for  those 
surfaces  which  absorb  red  and  green  and  reflect  violet ;  secondly,  by  showing  all 
colours  against  an  environment  of  yellow  instead  of  an  environment  of  whit&  By 

candle  or  lamp-light,  for  example,  yellow  in  delicate  shades  can  scarcely  be  dis- 
tinguished from  adjacent  white ;  but  this  is  chiefly  because  the  white  itself  is  made 

to  appear  yellow  by  the  composition  of  the  light  which  falls  upon  it,  so  that  no 



408  OCR  HOME& 

efffct  of  contrast  is  produced.  The  eye  is  really  comp:uing  yellow  with  yellow,  ami 
failincr  to  tell  them  apart  It  is  not,  in  truth,  comparing  yellow  with  white  at  all 

No  surface  am  look  ti'uly  white  unless  white  light  falls  upon  it,  because  no 
other  will  allow  all  tlie  elements  the  speotnira  to  bo  reflected  in  the  propr 

pro|>ortious. 
Another  characteristic  of  artificial  light,  still  excepting  the  electric,  is  its  feeble 

illuminating  power  when  compared  with  even  weak  diffused  daylight  If  we  take 
a  powerful  or  even  brilliant  flame,  and  place  it  upon  a  table  in  the  middle  of  a 
moderate-sized  room,  we  shall  find  it  difficult  or  impossible  to  read  fine  print  in  the 
more  remote  portions ;  although  this  can  be  done  in  any  part  of  the  room  even  on 
a  dull  or  cloudy  day.  The  reason  of  this  seems  to  bo  partly  the  lack  of  defining 
power  which  is  consequent  upon  falseness  of  colour,  partly  an  absolute  inadequacy 
of  all  the  elements  of  the  spectrum. 

A  third  characteristic  of  artificial  light,  still  excepting  the  electric,  is  furnished 

by  its  heating  and  drying  properties.  The  light  of  the  sun,  originally  rich  in  heat 

rays,  scarcely  ever  comes  direct  to  the  eye  from  its  source.  We  receive  it  only  after 
innumerable  reflections  from  atmospheric  particles,  from  watery  vapour,  from 

mas'ses  of  cloud,  from  trees,  from  buildings,  from  the  suiface  of  the  ground,  from 
vegetation  generally,  fram  all  the  animate  and  inanimate  objects  around  us.  At  each 

reflection  it  pai*ts  with  a  portion  of  its  heat ;  and  diffused  daylight,  as  it  reaches 
our  eyes,  can  scarcely  be  said  to  have  any  manifest  heating  qualities  left  Even 
when  it  is  sufficient  to  dazzle  by  its  brightness,  it  does  not  occasion  the  sensations 

of  dryness  and  scorching  with  which  those  who  work  by  badly-arranged  artificial 
light  are  only  too  familiar. 

With  artificial  light,  on  the  other  hand,  there  is  no  distance  to  travel,  and  there 
are  not  cmy,  or  there  are  scarcely  any,  intermediate  reflections.  Where  defining 
jiower  is  required,  the  source  of  light  must  be  near  to  the  eyes  and  to  the  objects 
of  vision,  and  it  must  often  fall  upon  the  former  after  reflection  only  from  the 
latter.  £ven  if  we  may  assume  that  it  is  originally  as  comparatively  poor  in  heat 
rays  as  in  illumination,  still  it  loses  nothing ;  and  falls  upon  the  surface  of  the 
eye,  or  enters  its  interior,  in  almost  precisely  the  state  in  which  it  proceeded  from 
its  immediate  source.  There  is  reason  to  believe  that  the  excess  of  heat  present 
with  artificial  light  may  in  some  circumstances  be  injurious  to  the  retina,  and  it  is 

nearly  always  a  source  of  irritation  to  the  eye-surfaces.  The  source  of  light  is  a 
little  stove,  which  rapidly  dries  the  air  surrounding  it,  and  this  air,  so  dried,  will 
feed  itself  with  moisture  from  every  available  source.  Such  a  source  is  often 

furnished  by  the  moisture  of  the  secretions  which  lubricate  the  eye-surfaces,  and 
the  diying-up  of  this  moisture  leads  to  an  increased  formation,  to  an  influx  of 

blood,  and  to  a  generally  irritable  state  of  the  membi-ane  which  covers  the  front  of 
the  eyeball  and  lines  the  lida 

A  final  characteristic  of  artificial  light,  from  which  the  electric  cannot  be 
excluded,  is  that  it  comes  to  us  from  some  single  definite  local  source  or  direction, 

instead  of  being  diffused  universally.  The  solar  light  is  everywhere — it  envelops 
and  surrounds  us.  The  light  of  a  lamp  or  candle  comes  from  the  spot  where  the 
lamp  or  candle  stands,  and  diminishes  in  intensity  as  the  square  of  our  distance 
from  that  spot  Hence,  if  there  be  a  preferable  position  for  artificial  light,  in 
relation  to  the  eyes — as  for  all  working  purposes  we  shall  hereafter  see  that  there 
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  ,   M    jM    .           II  ^  ^^MMii  ^        iM        ■!  ■  ■■!  ^  i^^_  II  ■■■■  lar"!  m  I 

is — ^tbis  position^  in  a  roomful  of  people,  must  be  monopolised  by  one,  or  at  best  by 
a  few,  of  them,  and  the  light  must  be  in  its  worst  position  with  reference  to  others. 
Moreover,  the  artificial  light  is  generally  more  or  less  flickering  and  unsteady, 

varying  in  intensity  fi'om  minute  to  minute,  and  subjecting  the  eyes  to  constant 
changes  of  the  illumination  under  which  they  are  compelled  to  work.  All  these 
conditions  of  its  application  call  for  separate  study  on  the  part  of  those  who  are 
required  to  employ  it  continuously. 

The  electric  light,  on  the  contrary,  as  will  have  been  gathered  from  the  shoi-t 
account  already  given  of  the  manner  in  which  it  is  produced,  stands  in  many 
respects  alone.  It  contains  an  abundance  of  violet,  as  well  as  of  the  other  colours 
of  the  spectrum,  so  that^  in  good  examples,  it  differs  very  little  from  sunlight  in  its 
illuminating  and  defining  power.  Although  given  off  by  matter  in  a  high  state  of 
incandescence,  the  amount  of  this  matter  is  smaU,  and  hence  the  heat  which 
attends  it  is  much  less  than  that  of  the  common  hydrogen  flames  in  which  carbon 
is  consumed.  When  the  electric  arc  is  employed,  carbon  is  dissipated  and  oxidised 
at  the  expense  of  the  oxygen  of  the  atmosphere,  which  to  this  extent  is  vitiated  ; 
hut  even  then  the  degree  of  this  vitiation  is  insignificant  when  compared  with  the 

amount  of  light  produced,  and  there  ai*e  no  other  noxious  products  of  the  flame. 
If  the  light  is  furnished  by  some  solid  incandescent  material,  more  especially  when 
tills  is  carbon  enclosed  within  a  sealed  receptacle,  there  is  no  vitiation  of  th« 
atmosphere  at  alL 
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CHAPTER  XL. 

THB    ELBCTRIO    LIGHT. 

AdTftntegw  of  the  Blaetrie  lifht— Methodi  of  ATO&ding  the  Direct  BrilliMifoy  of  the  Are  Ughir* 

PoMiMe  Effecti  of  the  Copiooe  Violet  lUje— Oencna  Nature  of  an  "  Initallatinn "— YarioM 
Electric  Lampe— Untettled  Potttion  of  the  Question. 

As  regards  the  character  of  the  illamination,  the  advantages  of  the  electric  light 

over  all  other  artificial  iUaminants  are  nomerous  and  striking.     As  above  stated, 

the  light  is  almost  predsely  like  sunlight^  the  spectra  of  the  two  being  practicallj  the 
same,  while  the  brilliancy  leaves  nothing  to  be  desired.     When  suitably  anaoged, 

the  light  has  all  the  clearness  and  defining  power  of  daylight,  and  can  scarodj  be 

distinguished  from  it     The  electric  arc  is  only  objectionable  when  it  is   so  near  the 

eyes  that  the  directness  and  brilliancy  of  the  beam  become  distressing ;  and,  in  order 
to  meet  this  difficulty,  it  is  necessary  to  arrange  for  the  production  of  multiple 
reflections,  by  which  l^e  light  will  be  treated  before  it  reaches  the  eyes  of  the  woriser, 
much  as  sunlight  is  treated  by  the  numerous  intervening  objects  upon  which  it  falls, 
and  by  which  it  is  deprived,  not  only  of  some  of  its  heat  waves,  but  also  of  some 

portion  of  its  pure  light  vibrations,  and  is  thus  somewhat  altered  in  colour.    The 

precise  way  in  which  the  intermediate  reflections  can  be  obtained  must  differ,  of 
course,  with  the  position  of  the  light  and  with  the  purposes  to  which  it  is  to  be 

applied,  but  an  interesting  illustration  of  one  method  is  to  bo  seen  at  the  studio  of  Mr. 
Van  der  Weyde,  in  Begent  Street,  where  the  electric  arc  is  applied  to  the  uses  of 
the  photographer,  and  where  the  sitter  is  placed  in  a  flood  of  light  of  such  brilliancy 

and  actinic  jMwer  as  to  produce  a  photograph  after  only  ten  seconds'  exposure,  &ii<l 
yet  without  the  slightest  dazzling  being  produced,  so  that  even  nervous  persons  feel 
no  inclination  to  close  their  eyelids  or  otherwise  to  make  grimaces  for  the  purpose 
of  excluding  excessive  illumination.     Whilst  being  photographed  in  this  mannerj  it 
is  as  easy   to   read  the  smallest  print,  or  to  discern    the   smallest  object,  as  it 
would  be  to  do  either  in  the  neighbourhood  of  a  good  window  in  broad  daylight. 
Mr.  Yan  der  Weyde  places  the  electric  arc  in  the  focus  of  a  parabolic  reflector,  and 
screens  it  from  the  sitter  by  the  interposition  of  a  small  opaque  disc.     The  surface 
of  the  reflector  is  white,  very  slightly  tinted  with  ultramarine  blue,  and  the  parallel 

beam  which  proceeds  from  this  sur£BU»  is  made  to  pass  through  a  Fresnel's  lens,  of 
just  sufficient  convexity  to  effiioe  the  shadow  of  the  disc  by  the  convergence  which 
it  produces.      A  method  sometimes  employed  for  the  illumination  of  a  hrp 
room  has  been  to  place  the  electric  arc  near  the  ceiling,  with  a  horizontal  opaque 
screen,  of  appropriate  size,  extended  beneath  it,  and  forming  a  sort  of  under-ceiling. 
This  screen  would  have  a  white  upper  surface,  which  would  receive  the  electric 
light,  and  reflect  it  up  to  the  true  ceiling,  from  whence  it  would  be  reflected  again 
to  the  upper  portions  of  the  walls,  and  would  only  reach  the  eyes  of  the  occupants 
of  the  room  after  being  diffused  abroad,  somewhat  as  sunlight  is  diffused  by  the 
multiple  reflections  of  nature.     All  arrangements  of  this  kind,  however,  will  be 

rendered  unnecessary  whenever  good  lamps  of  sufficiently  small  size  and  power  can 
be  brought  into  practical  operation. 
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Besides  its  advantages  as  an  illuininant,  the  chemical  and  sanitary  advantages  of 
tbe  electric  light  are  scarcely  less  conspicuous.  It  will  afford  absolute  freedom 
from  tbe  many  impurities  contained  in  ordinary  gases  and  oils,  and  fix>m  the  many 
noxious  vapours  and  foul  smells  which  they  so  often  evolve.  Its  merits  may  be 
sammed  up  by  saying  that  it  is  the  best  known  illuminant,  that  it  gives  but  little 

heat,  and  that  it  may  be  so  an'anged  as  to  consume  no  oxygen,  and  to  yield  abso- 
lutely nothing  that  is  noxious  or  destructive  to  either  organic  or  inorganic  substances. 

Not  only  the  human  lungs  are  unharmed  by  it,  but  also  the  books,  pictures,  and 
farnitore,  which  often  sustain  such  serious  injury  from  the  indirect  effects  of  other 
methods  of  lighting. 

There  is  one  point,  however,  with  i*egard  to  the  electric  light,  for  the  determina- 
tion of  which  experience  t)f  somewhat  long  duration,  and  embracing  many 

individuals,  seems  to  be  required.  It  resembles  solar  light,  and  differs  from  artificial 

light  of  all  other  kinds,  in  being  rich  not  only  in  violet  rays,  but  also  in  the  ultra- 
nolet  rays,  beyond  the  visible  limits  of  the  blue  end  of  the  spectrum,  by  which 
chemical  and  vital  activity  are  so  conspicuously  promoted.  Dr.  Siemens  has  recently 
found  that  plants  will  grow  and  thrive,  and  bear  flowers  and  ripen  fruit,  as  rapidly 
nnder  electric  light  as  under  sunshine ;  and,  indeed,  that  they  may  be  made  to  grow 
and  to  continue  other  vital  processes  uninterruptedly  and  continuously,  and  without 
their  usual  nightly  rest,  if  they  are  exposed  to  the  electric  light  as  soon  as  daylight 
is  withdrawn  from  them.  In  man  and  animals,  no  doubt,  the  stimulus  to  vital 

action  afforded  by  light  is  in  great  measure  due  to  the  violet  or  ultra-violet  rays, 
and  is  only  in  operation  duiing  the  period  of  sunshine,  ordinary  artificial  light  not 
affording  the  necessary  stimulus.  Assuming  this,  and  assuming  that  in  man  and 
animals,  as  in  plants,  the  electric  light  is  capable  of  replacing  sunlight  in  this  respect, 
we  have  yet  to  learn  whether  the  effects  of  prolonged  exposure  io  such  light  will  be 
hurtful  in  any,  and,  if  so,  in  what  circumstances.  In  our  noHhern  climate,  the 

natural  amount  of  exposure  to  the  ultra-violet  is  not  prolonged,  and  is  broken  by 
long  nightly  interruptions.  In  winter  especially,  and  certainly  among  the  educated 
cksses,  most  people  are  exposed  to  artificial  light  for  as  long  a  period,  in  each 

twenty-four  hours,  as  they  are  to  sunlight ;  and  it  is  conceivable  that  the  doubling 
of  the  daily  period  of  sunlight  exposure  might  be  attended  by  a  corres[>onding 
increase  in  the  intensity  and  rapidity  of  chemical  change  in  the  body,  and  of  the 
ntal  action  correlated  to  it.  In  other  words,  continued  exposure  to  so  potent  a 

chemical  agent  might  be  expected,  in  homely  phrase,  to  "  force  the  pace  "  of  living, 
and  thus  tend  to  the  premature  exhaustion  of  life.  As  far  as  I  am  aware,  no 

complaints  tending  in  this  direction  have  been  made  by  any  of  the  various  com- 
positors and  others  who  now  habitually  work  by  electric  light ;  but  the  time  during 

which  it  has  been  in  practical  operation  is  hardly  long  enough  for  any  satisfactory 
endenoe  to  have  been  furnished  on  either  side  of  the  question.  We  must  be  content 

to  say  that  we  are  at  present  unacquainted  with  the  actual  effects  of  pi-olonged 
exposure  to  the  violet  and  ultra-violet  rays,  but  we  are  hardly  entitled  to  assume 
that  these  effects  will  be  imperceptible.  Unless  they  should  hereafter  be  found  to 
be  decidedly  injurious,  there  can  be  very  little  doubt,  when  we  review  the  progress 
loade  during  tiie  last  three  or  four  years,  that  the  electric  light  will  ultimately 
be  rendered  available  for  most  domestic  uses ;  and,  whenever  this  time  comes, 

it  win  be  likely  to  supersede  other  illuminants  in  the  pUces  where  it  is  to  be 
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obtained.  As  a  matter  of  probability,  it  is  likely  always  to  be  expensive  in  its 

applications  to  single  small  buildings,  but  there  seems  no  reason  why  the  necessary 
force  should  not  be  laid  on  from  central  stations  to  the  houses  of  a  street,  or 

why  this  should  not  be  accomplished  at  a  moderate  cost  Perhi^is  the  best 

])08sible  •evidence  of  the  prospects  of  the  light,  whenever  these  conditions  can  be 

fulfilled,  was  that  f  umisheil  by  the  reduced  price  of  gas  shares  at  the  time  when  it  was 
announced  that  uu  invention  of  Mr.  Edison  s  would  fuliil  the  necessary  conditions. 

The  owners  of  gas  property  pei^ceived  at  once  that,  in  the  presence  of  a  really  work- 
able electric  light,  gas  would  fall  into  comparative  disuse  as  an  illuminatiDg  agent ; 

and  they  were  so  strongly  impressed  with  this  belief  that  they  were  foi^tful  of  the 

many  other  uses  to  which  gas  can  profitably  be  applied;  not  the  least  of  them 
being  that  of  a  motor  for  the  production  of  electricity. 

If  we  turn  now  from  general  principles  to  the  consideration  of  detail,  we  shall 

find  tliat  the  employment  of  the  electric  light  involves  two  widely  different  ques- 
tions, namely,  the  supply  of  the  electiicity  itnelf,  and  the  lamps  from  which  the 

light  is  to  be  obtained. 

Electricity,  as  is  generally  known,  is  one  of  the  most  widely  diffused  of  the  forms 

of  force,  and  is  so  correlated  with  motion,  light,  heat,  chemical  afiSnity,  and  magne- 
tism, that  any  of  these  may  be  converted  into  it  by  proper  appliances.  It  was  first 

obtained  in  a  demonstrable  foim  by  means  of  friction,  or  arrested  motion ;  and  after- 
waixls,  very  largely,  by  means  of  batteries,  in  which  certain  chemical  changes  with 
which  its  development  is  associated  were  carried  on.  Such  batteries,  however,  present 
several  inconveniences,  even  in  their  most  approved  forms  ;  and  the  eleetridty  of  the 

present  day,  for  many  of  its  larger  uses,  is  mostly  derived  from  the  so-called  dynamo 
machine,  which  consist  essentially  of  a  revolving  spindle,  carrying  ooils  of  insuhit^d 

wire,  so  wound  upon  it  that  they  can  be  caused  to  move  with  great  velocity  through 
the  lines  of  force  of  a  powerful  magnetic  field.  The  mechanical  arrangements  for  the 

production  of  this  general  effect  have  been  numerous;  but  a  French  workman,  name^i 
Gramme,  devised  the  particular  machine  which  is  called  after  his  name,  and  which 

was  the  fii-st  to  yield  an  abundant  and  powerful  cun'ent  of  electricity  at  small  ex- 
pense. The  Siemens  machine,  the  Burgin  machine,  and  the  Brush  machine,  all  differ 

from  that  of  Gramme  in  points  of  detail,  but  not  in  principle;  and  it  would  be  foreign 

to  the  purpose  of  this  treatise  to  enter  into  the  several  peculiarities  of  their  construc- 
tion. We  may  say,  for  general  purposes,  that  they  all  supply  efl&cient  electric  currentbj 

and  these  currents  are  to  be  considered  in  reference  to  two  points,  quantity,  and 
tension  or  pressure.  The  former  speaks  for  itself ;  the  latter  refers  to  the  degree  of 
force  by  which  the  current  is  driven  forth  from  the  machine  which  furnishes  it. 

Comparing  electricity  with  gas  or  water,  which  flow  through  tubes,  it  differs  from 
them  in  requiring  some  material  substratum  in  which  to  move ;  and,  just  as  certain 

substances  will  permit  the  passage  of  light,  while  others  arrest  it,  so  some  substance-s 

are  good  and  others  are  bad  "  conductors  "  of  electricity,  and  some  are  absolute  non- 
conductors. For  its  conveyance,  therefore,  instead  of  a  pipe,  we  require  a  solid  "con- 

ductor;" and  this  should  be  composed  of  a  material  which  conducts  freely,  or  which, 
in  other  words,  opposes  but  small  resistance  to  the  |)assage  of  the  cun-ent.  Copper 
and  metals  are  such  materials,  and  copper  wire  is  the  conductor  most  commonly 

employed  ;  but,  when  a  small  current  has  to  l>e  conveyed  through  wire  of  coni[)ara- 
tively  small  diameter,  [>latiiiuui  is  used  instead 
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However  good  the  oonductor,  it  opposes  some  reaistance ;  and  hence  there  is  a 
limit  to  the  quantity  of  the  current  which  it  can  convey.  If  the  quantity  supplied  is 
too  great,  its  motion  in  th(  conductor  is  impeded,  and  the  latter  becomes  heated. 
When  conductors  are  in  contact  with  other  conducting  substances,  as  with  the  earth, 

they  would  lose  their  electricity;  and  hence  it  is  necessary  that  they  should  be  '^  in- 

Riikted,"  or  enveloped  in  ziomo  non-conductihg  material  as  a  protective  covering.  The 
greater  the  pressure  of  he  electricity,  the  greater  will  be  the  tendency  to  leakage ; 
and  the  more  complete,  therefore,  must  be  the  insulating  covering. 

The  materials  most  commonly  employed  as  insulators  are  the  gums,  such  as  gutta- 
percha and  india-rubber,  either  singly  or  in  combination. 

If  the  electric  "  installation,"  to  use  the  accepted  word,  of  any  establishment  be 
complete  within  itself,  it  will  include  a  dynamo  machine  in  some  convenient  situa- 

tion, and  conductors  proceeding  from  this  to  the  se^^eral  burners.  Where  the  estab- 
lishment contains  a  steam-engine  for  other  purposes,  this  will  probably  be  used  to 

drive  the  electric  machine.  In  country  houses,  water-power  may  frequently  be  util- 
ised for  the  same  purpose.  In  other  circumstances,  a  gas-engine  may  prove  to  be  the 

most  economical  motor ;  but,  at  present,  the  expense  of  any  separate  installation, 

unless  in  cases  where  an  otherwise  absolutely  wasted  steam-power  could  be  applied, 
would  be  much  in  excess  of  the  cost  of  gas.  Electric  light  so  produced  can  only  be 
regarded  as  an  expensive  luxury,  adapted  for  wealthy  people  who  choose  to  pay  a 
certain  price ;  but  its  economical  use  cannot  be  realised  until  the  necessary  motor 
IMwer  is  supplied  by  central  machines  of  great  magnitude,  supplying  the  wants  of  a 
considerable  population.  Several  of  the  witnesses  recently  examined  before  the  Select 
Committee  ot  tho  House  of  Commons  spoke  of  a  population  of  50,000  as  being  the 
.smallest  to  which  a  system  of  electric  lighting  could  be  applied  as  a  fair  trial  of  its 
costliness  or  economy  as  compared  with  other  illuminants ;  and  all  agreed  that,  al- 

though the  success  of  electric  lighting  was  beyond  doubt  as  a  laboratory  experiment, 
it  must  be  attempted  on  some  such  scale  as  the  above  before  many  doubts  with  regaitl 
to  it  can  be  finally  decided.  A  perfect  installation  would  require  to  be  supplied  with 

electricity  by  a  number  of  steam-driven  machines,  the  total  of  them  being  rather  in 
excess  of  the  actual  requirements,  so  that  the  temporary  failure  of  any  one  machino 

mi^t  not  condemn  any  part  of  the  district  to  a  corresponding  pei'iod  of  darkness. 
The  conductors,  in  such  a  case,  would  start  from  the  machines  as  solid  rods  of  copper, 
and  would  be  continually  reduced  in  bulk  by  throwing  off  branches  like  those  of  a 
tree ;  the  ultimate  ramifications  of  which  would  be  led  into  the  individual  houses  to 

l<e  supplied. 
By  the  recent  Act  of  Parliament,  the  strict  functions  of  the  light  companies  will 

he  limited  to  this  supply  of  electricity ;  and  each  householder  will  be  at  liberty  to  iise 
wj  burners  that  he  pleases,  subject  only  to  the  condition  that  they  must  not  be  of  a 
kind  to  interfere  with  the  due  supply  of  eleSctricity  to  others.  The  conductors  leading 
into  individual  houses  will  be  furnished  with  meters,  to  declare  the  amount  of  elec- 

tricity which  has  been  consumed ;  and  these  meters,  which  are  still  somewhat  in 
their  infancy,  are  based  upon  a  determination  of  the  amount  of  chemical  change 
effected  by  the  current.  Moreover,  for  the  security  of  the  houselu>lder,  a  short  length 
of  lead  wUl  be  introduced  into  the  main  conductor  entering  the  house,  this  lead  having 

a  carrying  capacity  sufficient  for  the  largest  current  which  the  lights  in  that  house 

can  require.     If,  by  any  mischance,  the  amount  of  electncity  supplied  should  be  in 
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exoeM  of  the  requirement^  so  as  to  produce  riBk  of  accident  from  heating  of  the  con* 
duotor,  the  piece  of  lead  would  be  fused  and  fall,  thus  interrupting  the  circoit  and 

cutting  off  Uie  supply.  It  is  probable  enough,  whOe  the  art  of  lighting  up  large  dis- 
tricts is  still  rudimentary,  that  many  of  such  fusions  may  occur ;  and  hence  it  will 

be  the  part  of  prudent  persons,  until  a  system  of  electric  lighting  has  been  thoroughly 

tested  by  experience,  not  to  leave  themselves  entirely  dependent  upon  its  success. 

Gas  or  lamps  should  be  kept  in  reserve,  and  should  be  available  against  any  acddenU 
that  may  occur. 

Such  being  the  state  ol  things  as  regards  the  current,  we  come  next  to  the  lamps ; 
and,  in  this  place,  the  arc  lights  may  be  briefly  dismissed,  as  generally  unsuitable  for 
domestic  purposes.  For  laige  open  spaces,  streets,  railway  stations,  and  the  like, 

they  answer  admirably,  but  not  for  cwdinaiy  domestic  interiors.  They  may  be  em- 

ployed in  large  workrooms ;  and,  as  &r  as  I  can  ascertain,  the  "  Rapieff "  lamp  seems 
the  best  for  this  purpose.  It  is  subject  to  the  disadvantage  that  its  carbons  are  not 

kept  together  by  any  self-acting  contrivance,  but  require  to  be  adjusted  by  hand 
about  once  in  half  an  hour ;  but  its  light  is  of  good  quality,  and,  what  is  still  more 

important^  is  singularly  uniform  and  steady. 

The  only  other  kind  of  arc  requiring  to  be  noticed  for  interiors  is  the  newly- 

introduced  ''Sun"  lamp,  for  the  supply  of  which  a  company  has  lately  been 
launched  with  some  parade.  It  consists  of  a  small  block  of  sandstone,  ihrou^ 
which  are  cut  two  channels,  semicircular  in  outline,  their  flat  sides  turned  towards 

each  other,  and  inclining  towards  each  other  from  above  downwards,  so  that 
they  are  nearer  together  below  than  abova  At  the  bottom  of  the  sandstone  block 

placed  a  slab  of  white  is  marble,  flat  above,  where  it  is  in  contact  with  the  sand- 
stone, and  in  which  a  central  cup,  about  an  inch  in  diameter,  is  scooped  out  below. 

Two  perforations  in  the  marble,  large  enough  to  permit  the  passage  of  a  piece 
of  stout  wire,  connect  the  interior  of  the  cup  with  the  channels  in  the  sandstone 

above.  These  channels  are  occupied  by  two  rods  of  carbon,  semi-cylindrical  in 
shape,  which  move  freely  in  them,  so  that  they  would  fall  through  if  the  channels 
were  not  closed  at  the  bottom  by  the  piece  of  marble.  The  several  parts  of  the 
apparatus  are  held  together  by  a  metal  framework,  and,  in  order  to  prepare  the 
lamp  for  lighting,  the  carbons  are  united  by  a  piece  of  wire  which  crosses  the  cup 
and  passes  through  the  perforationa  The  other  ends  of  the  carbons  are  connected 
to  the  conductors.  When  the  current  passes,  the  wire,  which  is  too  small  to 
carry  it^  speedily  becomes  heated,  fuses,  and  falls,  and  the  gap  thus  established  is 
crossed  by  the  electric  arc,  the  current  passing  through  the  perforations  in  the  marble, 

and  across  the  inside  of  the  cup.  As  the  carbons  are  wasted,  they  sink  in  their  chan- 
nels by  the  action  of  gravity,  and  require  no  interference  until  one  of  them  is  con- 

sumed. The  arc  not  only  affords  light  itself,  but  it  soon  raises  the  marble  to  a  white 

heat  and  renders  it  luminous ;  so  that  the  effect  is  something  like  ihat  of  the  Drum- 
mond  light,  and  a  profuse  flood  of  illumination  is  cast  down  below.  The  disadvan- 

tages of  the  lamp  are  that  it  gives  out  much  heat,  and  that  the  lights  issuing  mainly 
from  within  the  cup,  descends  in  a  beam  of  conical  shape,  which  extends  only  over  a 
circle  the  size  of  the  base  of  the  cone.  The  hi^er  the  lamp  the  larger  will  be  the 
circle  of  illumination ;  and,  as  the  whole  contrivance  is  small  and  lights  it  can  be  run 

over  a  pulley  nearly  to  the  ceiling,  and  lowered  to  be  prepared  for  re-lighting.  Still, 
<here  are  few  rooms  sufficiently  high  to  render  the  luminous  circle  nearly  co-extensive 



SLBOTRIC  LAMPS.  415 

with  their  floor  space ;  and  the  contrast  between  tlie  pai'ts  within  this  circle  and  the 
parts  exteinial  to  it  is  such  as  to  render  the  latter  unpleasantly  dark  by  comparison. 
In  an  atmosphere  containing  oxygen,  the  marble  is,  of  course,  consumed  and  driven 
away ;  and  the  block  has  to  be  replaced  daily,  or  at  short  intervals,  according  to  the 
number  of  hours  during  which  the  lamp  is  burning. 

For  domestic  uses,  however,  the  contrivances  most  generally  applicable  are 
the  various  incandescent  lamps,  containing  carbon  filaments  in  sealed  globes ;  and  it 
might  be  thought,  by  any  who  saw  one  of  these  in  successful  operation,  that  the 

problem  of  electric  house-lighting  had  been  entirely  solved,  and  that  nothing 
remained  but  to  apply  the  solution  in  practice.  Such  an  impression  would  be 
erroneous^  for  it  is  doubtful  whether  any  of  the  incandescent  lamps  now  in 
eristenoe  will  satisfy  tlie  requirements  of  consumers,  or  will  hold  their  ground 
as  permanent  contrivances.  When  a  carbon  filament  is  heated  to  whiteness 
by  its  resistance  to  an  electric  current,  it  is,  if  in  an  atmosphere  containing 
oxygen,  immediately  converted  into  carbonic  acid  and  carbonic  oxide,  and  so 
destroyed;  and  it  was  hoped  that  by  heating  it  in  a  vacuum  it  would  remain 
unchanged,  so  that  it  would  convey  the  current,  and  display  the  lights  for  a 
long  period  of  time.  This  expectation  has  not  been  fulfilled ;  partly,  it  is  supposed, 
on  acoouiit  of  the  impossibility  of  obtaining  a  carbon  filament  of  a  perfectly 
homogeneous  character.  When  one  portion-  of  the  carbon  differs  in  density, 
or  in  the  arrangement  of  its  particles,  from  another  portion,  the  tendency  of 
the  current  is  to  shake  asunder  the  constituent  molecules,  so  that  the  filament 
becomes  disintegrated  and  broken.  Most  makers  profess  that  the  natural  life 
of  an  incandescent  lamp  should  extend  to  a  thousand  hours;  but  many  lamps 
fail  within  one  hour,  and  in  many  others,,  if  they  are  examined  after  a  short 
period  of  use,  the  globe  will  be  found  lined  with  a  delicate  film  of  carbon  particles, 

showing  that  a  process  of  disintegration  is  going  on.  Some  makers  fill  their  globes 
with  a  gas  that  is  not  a  supporter  of  combustion,  and  nitrogen  has  been  used  for 
this  purpose,  but  the  experiments  with  it  have  not  been  altogether  successful,  and 
it  is  said  that  the  carbon  is  bLX>ken  up  by  the  gas  itself,  being  pelted  to  pieces  by  the 
impact  of  its  molecules.  Other  gases  have  been  used  in  the  same  manner,  some,  it 
is  said,  with  advantage ;  and  the  Swan  lamps  are  filled  with  a  gas  the  nature  of 
which  is  not  made  known  In  this  and  in  many  other  details  manufacturers  are 
naturaUy  reticent  about  points  of  construction  from  which  they  hope  to  deriye 
advantages  over  their  competitors. 

The  filaments  of  carbon  are  prepared  and  arranged  differently  by  different 
makers,  and  with  regard  to  them  also  there  is  an  unwillingness  to  impart  complete 

information.  Mr.  £dison's  filament  was  originally,  and  probably  still  is,  a  strip  of 
charred  card,  in  the  shape  of  an  elongated  horseshoe,  while  in  some  other  lamps  the 

^ments  appear  to  consist  of  changed  stidng.  In  the  preparation  of  either  strin;/ 
or  card  for  combustion,  and  in  the  mamier  of  carbonising,  there  are  no  doubt  ti-ado 
secrets  ;  but  it  cannot  be  said  that  any  of  these  secrets  have  as  yet  conducted  their 
possessors  to  uniform  or  assured  success.  So  far  is  this  from  being  the  case  that 

the  Edison  lamp  is  safeguarded  in  use  by  being  worked  with  only  a  comparatively 
feeble  corrent,  which  does  not  raise  the  carbon  to  full  white  heat,  and  whicli 

therefore  diminishes  the  stress  which  would  othei*wise  be  thrown  upon  it. 
The  effect  of  this  precaution,  however,  is  to  diminish  the  light,  and  also  to  impair 
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itn  quality.  Beiiig  famished  by  a  comparatively  feeble  incandescence — one  which  is 
rt^d  ratlHT  tlian  white — it  is  deficient  in  the  violet  rays  which  it  is  a  s|>ecial 
advantage  of  the  electric  light  to  supply.  As  may  be  seen  any  evening,  tlie 
light  furnished  by  the  Edison  lamps  on  the  Holbom  Viaduct  is  inferior  to  that 
of  the  Siemens  gas  lamps  in  the  adjoining  street;  while,  speaking  generally,  it 

may  be  said  that  the  light  given  by  incandescent  lamps  is  not  more  than  one- 
eighth,  or  at  most  one-seventh,  of  that  given  by  an  electric  arc  driven  by  the  same 
horse-power. 

The  general  appearance  of  an  incandescent  electric  lamp  is  now  very  &miliar. 
It  consists  of  a  thin  globe  of  transparent  glass,  more  or  less  oval  in  shape,  about  as 

large  as  a  medium-sized  lemon,  and  with  a  stem  by  which  it  can  be  attached 
to  the  ap[)aratus  by  which  it  is  supported.  Within  the  globe  there  is  a  filament  of 
carbon,  sometimes  flat,  sometimes  round,  varying  in  shape  in  the  lamps  of  different 
makers.  This  filament  is  connected  at  each  extremity  to  a  fine  wire  of  platiniun, 
which  passes  through  some  kind  of  insulating  material  in  the  stem,  is  united  to 

the  carbon  in  a  variety  of  ways,  and  constitutes  the  means  of  connecting  it  electric- 
ally with  the  copper  conductors  external  to  the  lamp.  In  many  situations,  as 

when  placed  at  some  height  in  large  rooms,  incandescent  lamps  may  be  left  expose<l : 
but  when  near  the  level  of  the  eyes  they  should  be  within  globes  of  opal  glass  ;  and, 
when  placed  on  standards  for  table  use,  the  upper  portions  of  these  globes  should  l>c 
covered  by  opaque  screens,  to  cast  the  light  downwards,  and  to  cut  it  off  from 
direct  impact  upon  the  eyes. 

In  the  Edison  lamp,  the  carbon  filament  is  a  flat  band,  in  the  sha))e  of  an 

elongated  horse-shoe,  and  I  have  not  been  able  to  ascertain  the  nature  of  tlic  joint 
by  which  it  is  connected  to  the  platinum.  The  lamp  is  said  to  give  the  light  of 
sixteen  candles,  when  diiven  by  a  current  which  it  can  bear  without  disruption. 

In  the  Lane-Fox  lamp  the  carbon  is  in  the  form  of  a  round  thread,  and  has  the 
shape  of  a  capital  U  turned  upside  down.  The  extremities  are  connected  with  the 
platinum  wires  by  a  joint  foimed  by  Indian  ink  and  metallic  mercury. 

In  the  Swan  lamp  the  carbon  filament  is  round,  and  is  said  to  be  connected  with 

the  platinum  without  any  intermediation,  by  means  of  a  so-called  "weld."  The 
filament  describes  a  circle  at  its  summit,  as  if  it  had  been  caused  to  make  one  t^-ist 
round  a  stem  half  an  inch  in  diameter.  The  platinum  wires  terminate  in  rings 
or  loops,  into  which  the  extremities  of  the  copper  conductors  are  hooked ;  and,  in 
order  to  keep  the  junction  taut,  so  as  to  maintain  metallic  contact,  the  globe 
is  supported  on  a  coiled  spring,  which  pushes  it  away  from  the  stem  from 
which  the  hooked  extremities  of  the  copper  wires  project  This  coiled  spring  is 
sometimes  thrown  into  vibration  by  external  movements,  and  the  light  may 
in  that  case  be  interfered  with.  The  ordinary  illumination  is  about  sixteen 
candles. 

In  the  Maxim  lamp  the  carbon  is  longer  than  in  others,  and  is  bent  down  in  the 
middle,  so  that  it  resembles  a  capital  U  in  the  natural  position,  with  each  arm 
of  the  letter  turned  again  down  on  the  outside  to  form  connection  with  the  platinnm. 
This  is  done  by  a  tiny  rivet  The  lamp  requires  twice  as  much  electricity 
as  those  already  mentioned,  and  gives  approximately  twice  the  light,  or  about 
thirty  candles. 

In  the  Nothomb  lamp  the  carbon  has  the  shape  of  an  inverted  XJ,  and  is  more 
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massive  than  in  those  already  mentioned.  It  is  united  to  the  platinum  by 

a  sort  of  £^h'ce,  secured  by  a  twist  of  fine  copper  wire.  This  lamp  is  of  Belgian 
invention,  and  is  said  to  be  twice  as  durable  as  others,  the  average  life  claimed  for 
it  being  two  thousand  hours.  I  am  not  aware  that  it  has  as  yet  been  sufficiently 
tested  in  this  country. 

From  the  point  of  view  of  the  consumer,  and  for  household  purposes,  it  may 
fairly  be  said  that  the  supply  of  electricity  is  a  matter  which  must  be  settled 
by  competition  between  different  systems,  so  that  the  least  costly  may  survive.  The 
light  will  not  be  available  for  geneial  purposes  until  the  electricity  can  be  supplied 
on  a  large  scale,  by  companies  or  public  authorities ;  for  the  cost  of  single  installations 
must  always  be  practically  prohibitive  in  any  but  very  large  establishmenta  Those 
who  are  best  qualified  to  judge,  and  who  are  not  concerned  in  putting  the  matter  in 
a  rose-coloured  aspect,  admit  that  the  question  of  cost  cannot  yet  be  determined ; 
and,  while  they  hope  and  believe  that  the  eventual  supply  of  electricity  will  be  at  a 
price  comparable  with  that  of  gas,  they  hesitate  to  commit  theinselves  to  anything 
much  more  definita  There  will  be  difficulties  about  insulation  and  leakage, 
bat  these  will  not  affect  the  consumer  farther  than  by  increasing  the  general  cost  of 
the  supply.  Leakage  within  houses  is  not  to  be  feared;  for  the  quantity  and 
pressure  will  be  regulated  by  die  fusible  portion  of  the  conductor  to  each  house,  and 
no  danger  from  this  cause  ought  to  be  permitted  to  occur.  There  is  also  reason 
to  hope  that  a  domestic  supply  of  electricity  may  hereafter  be  maintained  by 
portable  accumulators,  capable  of  being  delivered  ready  charged  from  the  works,  and 
.replaced  when  they  are  exhausted,  but  this  expectation  has  not  yet  been  practically 
realised.  The  accumulators  now  made  consist  chiefly  of  lead ;  and,  although  they 
may  be  made  to  work  very  well  for  many  purposes,  yet  their  great  weight  is 
prohibitory  of  their  general  economical  employment 

Whenever  electricity  is  laid  on  to  our  houses,  and  it  may  be  conceded  that^ 
in  all  probability,  the  time  when  this  will  be  done  is  not  far  distant,  the  consumer 
will  find  many  lamps  offered  to  him  for  its  consumption.  From  what  has  been  said 
already,,  it  is  plain  that  none  of  those  now  existing  can  be  regarded  as  entirely 
satisfactory ;  but  they  will  in  all  likelihood  be  improved  or  superseded  before 
the  time  for  any  large  demand  for  them  can  arrive.  At  present,  therefore, 
many  elements  of  the  matter  are  still  in  an  -experimental  stage ;  and,  although 
the  electric  light  affords  many  advantages  when  one  can  get  it,  the  time  for 
its  universal  application,  or  for  its  coming  into  serious  oompetition  with  oil  or  gas, 

is  probably  more  distant  than  many  aanguui^e  projectors  have  led  the  public  to 
believa 

81 
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CHAPTER  XL! 

GAB    AKD    OAS-LIOHTIN6. 

&rl7  Introduetioii  of  Gfts-lighiinc^— lit  first  Defeoti— Mode  of  MeMaring  6m  and  other  Ii^t-Unf«ir 
Procedure  of  the  Companiee — Coke,  and  not  Qm»  their  Primary  Objeot — ^Eyils  and  InooBTeiiiencei 
of  Oas— Leakages— Taming  off  the  Main  not  adyisaUe. 

Whsn  we  dismiss  electricity,  the  remaining  sonroes  of  artificial  light  are  gas, 
distilled  either  £rom  coal  or  from  oil,  together  with  the  mineral  oOs  which  maj 
almost  be  described  as  natural  gas  in  a  fluid  form,  and  the  other  solid  and  liquid 
fats  which  are  employed  either  to  make  candles,  or  to  be  burnt  in  lamps.  Besides 
the  difference  in  form  between  gas  and  other  fuels,  which  allows  gas  to  be  driven 
into  the  burners  by  pressure  alone,  independently  of  the  capillary  attraction  of  a 
wick,  the  two  series  of  Uluminants  differ  also  in  this,  that  gas  and  mineral  oils, 
except  for  accidental  impurity,  are  composed  only  of  hydrogen  and  carbon,  while  all 
animal  and  vegetable  fats  contain  a  certain  proportion  of  oxygen  in  addition  to  those 
elements. 

In  the  form  pf  light  carburetted  hydrogen,  combustible  gas  has  long  been  known 
OS  an  exhalation  from  the  earth,  seen  usually  in  the  neighbourhood  of  stagnant 
water ;  and  such  exhalations  were  traced  to  adjacent  coal  beds,  by  Shirley,  in  the 
year  1659.  There  are  several  places  where,  by  the  insertion  of  a  tube  into  some 
natural  fissure  or  artificial  boring,  the  issuing  gas  may  be  inflamed  ;  and  the  light  thus 
procured  is  exhibited  as  one  of  the  sights  in  the  neighbourhood  of  the  Falls  of  Niagara. 
Such  carburetted  hydrogen,  however,  does  not  usually  contain  carbon  enough  to  be 
of  value  for  illuminating  purposes ;  and  its  flame,  although  brighter  than  that  of 
pure  hydrogen,  is  still  only  faintly  luminous.  Illuminating  gas  continued  to  be  a 
matter  of  interest  to  scientific  chemists,  but  did  not  attain  any  practical  value 
until  the  year  1792,  when  Mr.  William  Murdoch,  of  Redruth,  lighted  his  own  house 
by  gas  distilled  from  coal,  and  conveyed  in  metal  pipes  over  a  distance  of  70  feet. 
His  gas  laboured  under  the  disadvantage  of  evolving  exceedingly  noxious  products 
from  the  impurities  which  it  contained ;  insomuch  that  it  could  only  be  burned  in 
connection  with  flues  or  similar  arrangements,  by  which  the  whole  of  the  products 
of  combustion  were  conveyed  into  the  chimneys  or  otherwise  removed  from 
dwellings ;  and  it  was  not  until  the  method  of  puiification  by  lime  was  introduced 
by  Dr.  Henry  and  Mr.  Olegg  that  the  presence  of  naked  flames  could  be  tolerated. 

In  England,  the  chief  pioneers  of  gas  lighting  were  Messrs.  Boulton  and  Watt, 
who  caused  part  of  their  manufactory  at  Soho,  near  Birmingham,  to  be  lighted  with 
it  in  1798,  and  who  gave  a  public  exhibition  of  the  light  in  1802,  on  the  occasion 
of  the  general  illumination  in  consequence  of  the  peace  of  Amiens.  In  1808  Mr. 
Murdoch  communicated  the  results  of  his  experience  in  gas  lighting  to  the  Royal 

Society;  th<^.new  illuminant  having  already  been  used  in  the  Lyceum  Theatre, 
where  it  was  introduced  in  1803,  and  on  one  side  of  Pall  MalL  After  this,  mainly 
in  consequence  of  the  great  exertions  of  Mr.  Winsor,  it  came  rapidly  into  general 
use;  and,  in  1815,  it  was  introduced  into  Paris. 
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The  illuminating  power  of  gas,  in  accordance  with  the  principles  already  laid 
down^  depends  upon  the  incandescence  of  its  carbon  element,  which  incandescence 
is  produced  by  the  heat  yielded  by  the  combustion  of  its  hydrogen  element ;  and  it 
follows  that  these  two  elements  must  bear  a  certain  proportion  to  one  another,  and 
also  to  the  oxygen  avaUable  for  the  purpose  of  consuming  them,  in  order  that  the 
best  results  may  be  obtained.  The  hydrogen  must  be  present  in  sufficient  quantity 
to  produce  the  necessary  heat,  and  the  carbon  in  sufficient  quantity  to  afibrd  the 
required  illumination ;  while,  if  there  be  any  lack  of  .oxygen,  either  in  the  general 
atmosphere  suiTOunding  the  flame  or  in  the  portion  which  can  obtain  access  to  it  by 
reason  of  the  arrangements  of  the  burner,  part  of  the  carbon  will  escape  oxidation 
after  it  has  been  heated,  and  will  be  given  off  in  the  form  of  black  smoke  or  soot. 

In  oi-der  to  obtain  good  light,  therefore,  we  must  have  a  suitable  combination  of 
lijdrogen  and  carbon  in  the  fuel,  a  sufficiently  oxygenated  atmosphere  in  the  room 
or  other  place  where  combustion  is  carried  on,  and  a  sufficient  freedom  of  access  of 
this  atmosphere  to  all  parts  of  the  flame.  At  the  same  time,  the  access  of 
atmospheric  air  must  not  be  too  free,  or  the  flame  will  be  cooled  to  such  an  extent 
that  a  proper  incandescence  of  the  carbon  particles  will  no  longer  occur.  This  effect 
way  be  seen,  fix>m  time  to  time,  in  the  case  of  any  gas  flame  that  is  ex]x>sed  on  a 
windy  night ;  and  is  constantly  observable  in  the  case  of  street  illuminations. 

The  permanently  gaseous  hydro-carbons  are  two  in  number,  the  light  carburetted 
hydrogen,  or  marsh  gas,  already  noticed,  which  consists  of  one  element  of  carbon 
and  four  of  hydrogen,  and  the  heavy  carburetted  hydrogen,  olefiant  gas,  or  ethylene 

which  consists  of  two  elements  of  carbon  and  four  of  hydrogen.  The  latter,  there- 

fore, contains  twice  as  much  carbon  as  the  former,  and  constitutes  the  most  im]K)i*taut 
element  in  illuminating  gas.  Besides  these  two,  coal  gas  contains  other  hydro- 

carbons still  richer  in  the  carbon  element,  of  which  naphthaline,  containing  Ave 
elements  of  carbon  to  four  of  hydrogen,  may  be  taken  as  the  type.  These  heavier 
hydro-carbons,  however,,  although  they  possess  great  illuminating  power,  are  only 
gaseous  at  high  temperatures,  and  are  liable  to  be  deposited  in  solid  or  liquid  forms 
in  the  pipes.  Many  contrivances  have  been  employed  by  different  inventors,  to  some 
of  which  it  will  be  necessary  to  refer  hereafter,  in  order  to  enrich  gas  by  supplying 

it  with  the  heavier  hydro-carbons  in  such  a  manner  that  their  deposition  may 
he  avoided. 

The  accepted  method  of  measuring  the  illuminating  power  of  gas,  or,  indeed,  of 
all  other  iUuminants,  is  by  comparison  with  the  light  afforded  by  a  candle  of  a  stated 
composition  burning  at  a  specified  rate.  The  standard  adopted  under  the  sanction 
of  Acts  of  Parliament  is  a  spermaceti  candle,  burning  at  the  rate  of  120  grains  of 
spermaceti  an  hour ;  and  the  intensity  of  a  gas  flame,  burning  in  a  given  time  a 
known  quantity  of  gas,  is  expressed  as  being  equal  to  so  many  candles.  The  method 
in  which  this  determination  is  effected  will  require  a  brief  digression. 

The  art  of  light-measuring  depends  mainly  upon  a  comiiarison  of  the  blackness 
of  the  shadows  cast  by  the  same  object  when  illuminated  by  different  flames.  The 
diagram  in  Fig.  186,  taken  from  Mayer  and  Barnard,  will  exhibit  the  rationale  of  the 
procesa  It  represents  a  screen  of  white  paper,  supported  in  a  vertical  )>osition, 
with  a  small  wooden  rod  upright  before  it,  a  candle,  and  a  lamp.  These  two  being 
somewhat  apart^  each  will  cast  a  separate  shadow  of  the  rod  upon  the  paper,  and 
the  lights  should  be  so  moved  as  to  bring  the  adjacent  edges  of  the  two  shadows 
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into  cIoH  upproxinution.  One  of  them  will  then  be  seen  to  be  d&rker  thui  the 

other;  but,  by  placing  the  light  which  caste  the  daiker  Bb*dow  farther  from  the  rod 
thkn  the  other,  the  two  may  be  et^ualiaed.  In  the  cue  auppoeed,  the  shadows  are 
Bupp(Me«(  to  be  equal  when  the  candle  is  22  and  the  lamp  H  inches  from  the  screen; 
and,  as  we  have  Been  that  the  inteoulty  of  light  diminishes  as  the  square  of  the 
distance,  a  correct  comparison  between  the  tvo  lights  will  be  made  by  dividisg  the 

square  of  one  by  diat  of 
the  other.  The  sqnsre  of 
22  is  484,  and  thfl  square 
of  44  is  1,938,  ia  which 
484  ia  contained  four 
times.  We  say  therefore^  i 

,  that    the    flame    of    the 

lamp    is    four    times  as    I 

I  bright    as    that    of    the    I 
candle,  or  that  the  lamp 

_,    ,„    „        ,„,,.,  frivee  four-caudle  liitht.        I 
An  application  of  tAe    , 

same  principle,  better  adapted  for  accurate  work,  is  furnished  by  the  photouetei    ' 
of  Bunsea,  in  which    the   standard  light  and  the  light  to  be  tested  are  placed 
at  the  extremities  of  a  graduated  horizontal  bar,  on  which  slides  to  and  fro    | 
an  npright  rod,  carrying  a  piece  of  paper  on  which   a  central   disc  has  been    . 
rendered  translncent  by  wax  or  oiL     A  metal  screen  is  so  placed  that  the  right 

eye  sees  the  right  hand  side  of  the  paper,  which  is  turned  towards  one  of  the   ' 
lights,  and  the  left  eye  sees  the  left  hand  side,  which  is  turned  towards  the  other 
light ;  and  the  paper  is  moved  to  and  fro  until  the  central  illumination,  which  for 
each  eye  is  reflected  from  one  side  and  transmitted  from  the  other,  appears  ab- 

solutely equal  upon  the  two  sides  of  the  paper.     When  this  condition  ia  fulfilled 
the  relative  intenaitiea  of   the  lights  are  read  off  on  the  graduations  of  the  bar, 
according  to  the  squares  of  their  relative  distances  from  the  sheet  of  paper.     In 

a  photometer  invented  by  Hr.  Methven,  the  "  standard  candle "  ia  replaced  by 
so  much  of  the  flame  of  an  argtuid  burner  as  will  pass  through  a  slit  of  knovn 
dimensions ;  and,  as  the  actual  candles  are  very  variable,  this  new  pbotomet«r  a 
rapidly  gtuning  ground  among  practical  men. 

In  estimating  the  illuminating  power  of  gas  it  is  oaual  to  reduce  the  actusl 
gas  consumption,  by  calculation,  to  Ave  cubic  feet  per  hour ;  and  hence,  when 
we  say  that  a  given  gas  is  equal  to  so  many  candles,  it  is  implied  that  the 
equality  is  for  that  amount  of  consumption.  This  applies  equally  whether  ve 
are  testing  the  gas  itself,  in  a  known  burner,  or  testing  a  burner  with  gas  of 
known  quality. 

In  this  country,  the  supply  of  gas  is  chiefly  in  the  hands  of  great  jointstock 
companies,  who,  not  content  to  sell  an  useful  commodity  as  oth^  commodities  are 
sold  by  other  manufocturraa,  have  sooceeded  in  obtaining  from  Parliament  a 
variety  of  powers  and  privileges  which  are  nnnecessaiy  for  the  conduct  of  their  ; 
business,  and  which,  in  most  cases,  are  prejudicial  to  the  interests  of  their  cns- 
toraera.  As  some  compensation  to  the  latter,  Parliament  has  enacted  that  the  gas 
supplied  should  be  of  a  certain  iUnminating  power — ^in  the  metropolis  (dzt««n  candles 
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— and  a  common  practice  of  the  companies  is  to  make  the  bulk  very  inferior  to  this 
standard,  and  to  bring  it  barely  up  to  measure  by  the  addition,  to  each  batch,  of  a 

sufficient  quantity  of  gas  of  a  better  quality,  made  from  cannel  or  other  well- 
adapted  coaL  The  bulk  of  the  gas  made  in  London  is  from  coal  which  yields  bad 
gas  but  good  coke ;  and  the  companies  habitually  sacrifice  the  interests  of  the  light 
consumer,  whom  they  control  by  their  monopoly,  to  those  of  the  coke  consumer, 
who  is  free  to  buy  what  he  wants  in  the  open  market  The  practical  result  is  that 
the  purchaser  of  gas,  of  which  the  companies  are  professedly  purveyors,  is  made  to 
suffer  for  the  benefit  of  the  purchaser  ci  coke,  which,  qu4  gas  manufacture,  should 
be  regarded  as  a  waste  product,  proper,  indeed,  to  be  put  to  the  best  and  most 
profitable  use,  but  not  to  be  made  the  primary  object  of  the  manufacturers ;  who* 
by  thus  reversing  the  natural  relations  of  their  products,  may  almost  be  said  to 
obtain  their  monopolies  and  privileges  under  false  pretences. 

When  gas  was  first  introduced  as  an  illuminant,  the  art  of  lighting  was  in 
a  very  backward  condition ;  and  the  abundant  supplies  of  cheap  oil  which  are  now 
attainable  were  not  to  be  procured.  The  new  agent  offered  immense  advantages 
over  all  others  which  could  be  brought  into  competition  with  it ;  and  its  triumph 
was  speedy  and  complete.  Since  then,  the  methods  of  making  and  of  distributing 
gas  have  not  been  improved  in  any  very  material  points  :  while  the  art  of  lighting 
by  oO  has  been  not  so  much  revolutionised  as  created.  The  two  kinds  of  fuel  stand, 

to-day,  in  totally  different  I'elative  positions  from  those  which  they  occupied  at  the 
beginning  of  the  century ;  and  gas,  notwithstanding  its  enormous  consumption 
in  manufacturies,  shops,  churches,  and  public  buildings  of  every  description,  is 
beginning  to  fall  into  some  disrepute  for  the  interior  illumination  of  dwellings. 
On  account  of  obvious  considerations  of  economy,  cleanliness,  and  convenience,  it  is 
perhaps  to  be  preferred  for  lighting  passages  and  staircases ;  but  for  rooms  which 
are  constantly  inhabited  it  offers  many  compensating  disadvantages.  As  commonly 
prepared,  sold,  and  consumed,  it  loads  the  air  with  noxious  vapours,  which  are 
injurious  to  books,  pictures,  and  furniture,  and  which  cannot  be  innocuous  to  the 
human  lungs;  it  produces  heat  out  of  all  proportion  to  its  light;  it  dries  the 
atmosphere  of  a  room  to  such  a  degree  as  often  to  render  the  dried  air  irritating 
to  the  surfaces  of  the  eyes ;  the  pipes  or  meters  are  liable,  at  critical  times,  to  fall 

out  of  order  in  some  respect  which  requires  a  gas-fitter  to  repair ;  and  the  accidental 
leakages  are  not  only  foul-smelling,  but  are  also  attended  by  liability  to  cause 
dangerous  and  destructive  explosions.  Moreover,  it  is  often  exceedingly  difficult  to 
trace  them  to  the  place  from  which  they  proceed. 

It  will  seem  to  many  readers  that  the  foregoing  is  too  heavy  an  indictment 
ai^inst  a  mode  of  lighting  the  convenience  of  which  is  universally  appreciated ;  but 
a  small  amount  of  reflection  will  suffice  to  show  that  every  count  can  be  sustained 
by  ample  evidenca  Taking  them  in  their  order,  and  referring  first  to  the  products 
of  combustion,  it  is  probably  true  that,  if  gas  were  prepared  with  adequate  skill, 
from  coal  of  the  kind  best  suited  to  the  purpose,  and  with  a  view  to  the  interests  of 
the  consumer,  it  would  be  entirely  harmless.  Unfortunately,  the  reverse  of  this 
picture  is  ordinarily  the  true  one.  There  is  skill  in  abundance,  but  the  object 
to  which  it  is  directed  is  to  supply  the  cheapest,  and  consequently  the  worsts  gas 
which  can  be  made  to  pass  muster,  and  to  keep  the  companies  dear  of  the  penalties 

prescribed  by  their  Acts,    The  selection  of  the  ooal,  the  limits  of  the  purification, 
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and  tbe  ultimate  dosage  with  better  gas  to  raLse  the  illuminating  power  to  the  l^al 
tttandaixl,  all  have  this  aim  in  view.  One  of  the  oonjsequent  results  is  to  fsnpply 

impu lilies  which  lead  to  the  formation  of  sulphuric  acid  during  the  process  of  com- 
bustion, and  this  exercises  an  injurious  influence  upon  l»ooks,  paintings,  woTen 

fabrics,  metallic  surfaces,  and  many  other  things.  A  few  years  ago,  it  was  found 
that  the  backs  of  the  books  in  one  of  the  principal  London  clubs  had  been  so 

seriously  damaged  by  this  cause  that  the  use  of  gas  was  immediately  discontinued 
in  the  library;  and  such  an  experience  is  by  no  means  an  isolated  one.  Evidence  of 
the  impurities  ordinarily  contained  in  London  gas  may  be  obtained  at  any  time,  by 
simple  inspection  of  the  deposits  left  upon  the  interior  of  the  chimney  glasses 

of  bumei*s,  or  upon  the  glass  or  other  shades  which  are  suspended  over  the  flames 
for  the  protection  of  ceilings.  I  am  not  aware  of  any  experiments  by  which  the 

facts  have  been  accui'ately  determined,  but  I  am  under  the  impression  that  gas 
coiLsumes  more  oxygen,  light  for  light,  than  any  other  description  of  fuel ;  and  that 

in  this  way  also  it  contributes  to  the  deterioration  of  the  air  ;  while  ample  proof  of 
its  heating  properties  may  be  obtained,  in  any  room  in  which  it  has  been  burning 

for  half  au  hour,  by  the  simple  process  of  ascending  a  pair  of  steps,  so  as  to  bring 
the  head  to  a  level  above  that  of  the  flames.  When  a  gas  burner  is  suspended 
from  the  ceiling,  with  its  flames  above  the  heads  of  the  occupants  of  t^e  room,  the 

eflect  of  this  superheating  of  the  upper  portions  is  exceedingly  mischievous.  It  pre- 
sents au  efiectual  barrier  to  the  ascent  of  the  air  which  has  been  vitiated  and  warmed 

by  respiration,  but  which  is  still  heavier  that  the  gas-heated  air  above  it ;  and  thns^ 
for  all  purposes  of  ventilation,  it  practically  brings  down  the  ceiling  to  the  level  of 
the  gas  flames,  and  reduces  the  cubic  space  of  the  room  accordingly.  Such  a  result 

may,  no  doubt,  in  great  measure  be  obviated  by  good  airangements  for  ventilation ; 
but  good  arrangements  for  ventilation  are  sufficiently  rare  to  deserve  very  careful 
observation  when  they  can  be  found. 

The  drying  of  the  air  by  gas  is  another  inconvenience  wliich  ventilation  might 
obviate,  but  which  is  none  the  less  a  real  evil.  Wood  eugravers,  and  those  enga^ 
in  other  occupations  which  require  a  strong  light  near  the  eyes,  are  accustomed  to 
protect  themselves  by  placing  near  them  on  the  table  a  large  sponge  well  soaked 

with  water,  which  is  renewed  from  time  to  time,  so  as  to  provide  a  soui*ce  of  supply 
to  make  good  the  atmospheric  moisture  as  fast  as  it  is  removed,  and  to  prevent  the 

effects  of  very  dry  air,  which  is  irritating  always  to  the  eye-surfaces  and  often  to 
the  lungs.  It  is  haixlly  necessary  to  observe  that  the  effects  of  this,  and  of  all 
other  inconveniences  incidental  to  the  actual  combustion  of  gas,  are  increased  in 

proportion  to  the  number  of  persons  who  occupy  a  given  cubic  space  within  which 
the  flames  are  enclosed. 

The  foregoing  observations  are  intended  to  apply,  in  great  measure,  to  London  ; 

and,  although  they  are  no  doubt  mora  or  less  ti-uo  of  other  places  also,  there  are 
many  places  the  inhabitants  of  which  are  better  treated  by  their  gas  purveyoi's. 
Such  better  treatment  may  depend  upon  the  gasworks  beiug  in  the  hands  of  some 
muDici[jal  or  other  public  authority,  which  has  no  purpose  to  serve  other  than  the 
advantage  of  the  consumer,  or,  in  some  cases  perhaps,  upon  the  character  of  a  coal 

supply  which  is  easily  accessible  in  the  particular  locality.  The  city  of  Ooric,  for 

example,  has  long  enjoyed  gas  of  peculiar  excellence,  and  that  of  Edinburgh,  as 
every  one  who  has  been  there  must  be  aware,  is  far  superior  to  that  of  London* 
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The  inconTeniences  attendant  upon  accidental  derangement  of  machinery,  either 
at  the  w<Mrk8,  in  the  public  mains,  or  in  private  houses,  are  liable  to  occur  wherever 
gas  IB  used,  and  these  are  sometimes  exceedingly  great  They  are  such  as  to  render 
it  a  matter  of  common  prudence  for  no  householder  to  be  entirely  dependent  upon 
gas  for  his  illumination,  but  always  to  reserve  the  power  of  supplying  its  place  by 
lamps  or  candles  in  case  of  need.  There  is  a  tradition  that  when  Sir  Walter  Scott, 

on  lus  removal  from  Ashestiel  to  Abbotsford,  gave  a  great  house-waiining  at  the 
latter  residence,  all  the  gas-lights  suddenly  went  out  in  the  middle  of  the  festivities, 
and  left  the  assembled  guests  in  utter  darkness.  Sir  Walter,  wishing  to  be  in  the 
van  of  improvement,  had  caused  Abbotsford  to  be  lighted  entirely  by  gas,  from 
attic  to  basement,  and  had  cast  away  lamps  and  candles  as  remnants  of  barbarism. 
The  effect  was  that  no  substitute  for  the  defaulting  gas  could  be  procured,  until  a 
messenger  had  been  dispatched  to  Melrose  to  clear  the  village  shops  of  such  dip 
candles  as  they  might  contain  ;  and  that  ultimately,  but  not  until  after  the  lapse  of 
a  considerable  time,  some  of  these  unsavoury  illuminants  were  brought,  were  fixed 
to  the  walk  in  extemporised  sconces,  and  the  dancing  was  continued  with  as  much 
spirit  as  could  be  expected  in  the  circumstances.  A  person  whose  house  is  entirely 
lighted  by  gas  is  at  the  mercy  of  strikes  among  the  workmen,  of  explosions  in  or 
accidents  to  the  local  main,  and  of  imperfections  within  his  own  walls;  and  it 
usually  happens  that  something  wrong  with  the  gas  is  not  discovered  xuitdl  the  time 
for  lighting  it,  when  skilled  workmen,  if  the  defect  chances  to  be  at  home,  are  not 
to  be  procured  until  the  morrow.  It  is  in  accordance  with  the  usual  march  of 
events  that  gas,  if  it  goes  out  when  it  is  wanted,  always  goes  out  at  the  most 
inconvenient  time ;  and  it  is  therefore  never  desirable  to  allow  the  comfort,  or  the 
pleasure,  or  the  work,  of  an  evening  to  be  dependent  upon  the  integrity  of  this  one 
string  to  the  bow. 

A  not  uncommon  source  of  difficulty  with  gas  in  private  houses,  especially  in 
those  which  are  supplied  by  small  gasworks,  arises  from  the  deposition  of  water  in 
the  pipe&  Ghis  is  stored  over  water,  and  a  lai^e  number  of  meters  containing 
vater  are  still  in  use.  Gas  has  a  considerable  power  of  absorbing  the  water  with 
which  it  is  in  contact,  and  readily  deposits  it  again  if  brought  to  a  somewhat  lower 
temperature.  If  such  deposit  occurs  in  the  pipes  in  the  interior  of  a  house,  tlie 
moisture  will  gradually  trickle  down  to  the  lowest  point  of  the  system,  and  will  there 
accumulate  until  it  forms  lin  impediment  to  the  passage  of  the  gas,  which  will  at  first 
get  through  in  a  stream  of  bubbles  instead  of  by  a  continuous  flow,  and  will  supply 
the  flames  in  such  a  manner  that  they  rise  and  fall  as  if  with  a  sort  of  pulsation, 
producing  a  flickering  which  is  very  unpleasant,  and  which  renders  the  flame  almost 
useless  as  a  source  of  illumination.  In  the  metropolis,  where  the  enormous  and 
rapid  consumption  calls  for  daily  manufacture,  the  gas  does  not  rest  long  enough  in 
the  reservoirs  to  absorb  much  water,  and  the  general  employment  of  dry  meters 
prevents  the  absorption  which  might  otherwise  occur  in  the  houses  of  consumers  ; 
bat^  in  the  gasworks  of  country  towns,  where  daily  manufacture  is  not  practised, 
and  the  gas  is  stored  for  two  or  more  days  at  the  works,  the  absorption  is  very  apt 
to  occur.  Consumers  who  are  dependent  upon  such  a  source  of  supply,  or  who  use 
vet  meters,  should  have  a  small  pi])e  introduced  at  the  lowest  point  of  their  domestic 
Venice,  as  an  outlet  by  which  any  accumulation  of  water  may  be  permitted  to 
escapes     The  pipe  may  be  very  small,  should  be  canied  vertically  downwards  for 
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an  inch  or  two,  and  fitted  with  an  ordinary  tap.     When  this  has  not  been  done, 
and  where  the  accumulation  of   water  displays  itself  by  sudden  flickering,  the 
accumulation  may  be  withdrawn,  in  the  absence  of  a  skilled  workman,  by  first 
turning  off  the  gas  at  the  main,  and  then  drilling  a  hole,  with  a  bradawl  or  small 

gimlet,  at  the  lowest  part  of  the  pipe.     As  soon  as  the  few  drops  of  water  have 
escaped,  the  hole  may  be  plugged  by  melted  tallow  from  a  candle,  and  the  gas 
re-admitted  and  lighted.     Of  oourse,  Uie  tallow  plug  should  be  replaced  next  daj 
by  one  of  a  more  secure  character.     During  frost,  the  accumulations  of  water  are 
apt  to  be  still  more  troublesome,  because,  on  account  of  the  crystalline  formation 
of  ice,  and  the  consequent  increase  of  the  bulk  of  water  in  freezing,  a  drop  or  two 
which  had  collected  in  a  pipe  without  perceptibly  affecting  the  current  may  entirelr 
obstruct  the  calibre  when  frozen.  Whilst  these  lines  were  being  written,  in  the  winter 

of  1880-81,  a  single  burner  in  my  own  house  was  actually  rendered  useless  in  this 
manner,  the  others  not  being  affected.     In  such  a  case,  of  course,  the  possibilitj 

of  melting  the  ice-plug  would  depend  upon  the  accident  of  the  position  and  conrse 
of  the  pipe.     In  Edinburgh,  the  state  of  things  was  still  worse,  for  there  the  wet 
meters  in  general  use  were  frozen  almost  universally,  and  lai^  portions  of  the  city 
were  entirely  deprived  of  gas  in  the  houses,  while  the  same  thing  happened  at 
Blackheath  and  in  other  places  near  London. 

The  leakages  of  gas  which  occur  in  dwelling-houses  may  arise  from  varions 
causes,  and,  on  account  of  the  offensive  smell  of  gas,  they  usually  declare  themselves 
in  time  to  secure  the  inhabitants  against  any  danger  from  explosion,  if  only  pn>|ier 
precautionti  are  at  once  adopted.  In  this,  however,  as  in  so  many  other  matters, 
the  actual  dangera  arise  as  much  from  carelessness  or  ignorance  as  from  the 
necessities  of  the  position.  When  gas  and  atmospheric  air  are  mixed  in  certain 
proportions,  the  atoms  of  oxygen  are  in  close  relation  with  those  of  hydrogen,  and 
upon  any  elevation  of  temperature  they  rush  together  with  such  violence  as  to 
produce  explosion,  and  very  destructive  consequences  have  been  often  produced  in 
this  way.  The  mixture  of  gas  and  air,  being  lighter  than  air  itself,  always  ascends 
to  the  upper  part  of  the  room  in  which  the  escape  occurs,  and  many  domestic 
explosions  have  been  occasioned  by  holding  up  a  lighted  candle  for  the  purpose  of 
ascertaining  the  place  of  leakage.  On  one  occasion,  when  leaving  the  house  of  a 
patient,  I  called  the  attention  of  the  owner  to  the  smell  of  gas,  and  advised  him 
to  see  about  it  forthwith.  He  took  a  light  into  the  drawing-rooih,  from  whence  the 

smell  proceeded,  and  held  it  up  to  the  top  of  the  suspended  gaseliej*,  thinking  to 
light  the  issuing  stream,  and  thus  to  show  the  position  of  the  leak.  The  result  was 

that,  just  as  the  front  door  had  closed  behind  me,  the  drawing-room  window-frames 
followed  me  into  the  street,  and  on  returning  to  the  house  I  found  that  other  serious 
mischief  had  been  done.  In  all  cases  of  leakage,  before  a  light  is  brought,  the  gas 
should  be  turned  off  at  the  main,  and  then  the  doors  and  windows  of  the  room  in 

which  the  leakage  occurs  should  be  set  wide  open,  so  that  the  accumulated  gas  may 
be  diluted  and  removed  by  a  free  current  of  air.  When  this  has  been  done,  the 

main  may  be  re-opened,  and  then  a  light  may  be  safely  employed  as  a  detectiva 
Perhaps  the  most  common  source  of  gas  leakage  is  to  be  found  in  the  defective 

character  of  the  fittings  and  workmanship.  A  case  lately  came  under  my  notice  in 
which  a  house,  newly  furnished  and  decorated  at  considerable  expense,  was  never 
firoo  from  a  suspicion  of  the  smell  of  gas.    This  was  traced,  after  much  trouble,  to 



GAS  LEAKAGES.  426 

the  faulty  construction  of  some  expensive  gaseliers,  ivhich  permitted  leakage  to 
a  small  extent,  sufficient  to  be  offensive,  but  not  sufficient  to  become  a  source 
of  danger  in  rooms  which  were  inhabited  and  to  which  air  was  freely  admitted. 
The  gaseliers  had  not  been  properly  tested  before  they  were  fixed,  and  they,  had 
openiogs  of  extreme  minuteness  by  which  escape  was  permitted  In  purchasing 
sach  fittings,  it  is  prudent  to  require  from  the  seller  a  warranty  of  their  perfection 
m  this  respect;  and  he  will  then,  for  his  own  protection,  be  tolerably  certain  to 
obtain  a  similar  warranty  from  the  manufacturer,  who,  in  his  turn,  will  not  send 
them  out  until  a  proper  test  has  been  applied  to  every  part.  The  best  for  the 

purpose  is  to  drive  air  into  them  under  moderate  pi-essure,  while  the  fittings  them- 
selves are  under  water.  Any  escape,  however  small,  will  then  declare  itself  by  the 

ascent  of  bubbles.  In  the  same  way,  a  gasfitter  should  be  called  upon  to  warrant 
the  soundness  of  the  work  done  by  his  men,  and  he  will  then  be  likely  to  keep  them 
under  proper  supervision. 

It  is  the  practice  of  some  householders  to  turn  off  the  gas  at  the  main  every 
night ;  a  course  by  which  every  light  then  burning  in  the  house  is  immediately 
extinguished.  When  this  is  done,  it  will  sometimes  happen  that  the  special  tap 
of  some  particular  burner,  which  was  lighted  at  the  time,  is  forgotten  and  left  open ; 
60  that,  when  the  main  is  again  opened  for  the  requirements  of  the  next  evening, 
this  burner,  if  not  at  once  either  lighted  or  closed,  will  permit  a  free  escape.  Whei« 
the  practice  of  turning  off  at  the  main  obtains,  too  much  care  cannot  be  taken  to 
see  that  every  burner,  whether  known  to  be  lighted  or  not,  is  visited  and  closed 
inunediately  afterwards;  since  otherwise,  in  the  less  frequented  parts  of  the 
house,  all  the  conditions  necessary  for  an  explosion  will  be  prepared. 

A  curious  illustration  of  the  effects  of  total  ignorance  of  gas  and  its  properties 
came  under  my  observation  a  short  time  since.  A  young  lady,  who  had  been 
brought  up  in  a  remote  country  house,  came  to  stay  in  London,  in  a  house  which 
had  a  gasbumer  in  every  bedroom.  It  was  the  duty  of  the  servants,  each  evening, 
to  light  the  gas  in  the  bedrooms,  and  to  turn  down  each  flame  to  a  low  point,  so  that 
anyone  entering  the  room  might  turn  it  up  without  trouble.  The  guest,  tired  by  her 
journey,  went  early  to  bed  on  the  evening  of  her  arrival,  and,  finding  candles  and 
niatches  on  her  dressing  table,  lighted  the  candles.  Some  time  after,  when  the 
occupier  was  going  to  bed  himself,  his  attention  was  called  to  a  smell  of  gas,  which, 

after  some  investigation,  appeared  to  come  from  the  guest's  room.  The  lady  of  the 
house  went  to  investigate  the  matter ;  and,  on  opening  the  door,  found  the  smell 
overpowering.  She  opened  the  window  and  roused  her  guest,  although  not  without 

difficulty.  The  young  lady,  when  quite  awake,  professed  her  inability  to  undei'stand 
how  the  escape  could  have  occurred,  "for,"  she  said,  "I  was  careful  to  blow  the 
gas  out  before  I  got  into  bed."     She  did  not  miderstand  the  use  of  the  stopcock. 

In  a  house  which  I  inhabited  some  years  ago,  an  escape  of  gas  was  brought 
about  in  a  very  curious  fashion.  The  smell  made  its  appearance  in  my  dining  room, 
not  in  an  overpowering,  but  yet  in  an  unmistakable  manner,  and  increased  day  by  day. 
After  all  other  methods  of  investigation  had  been  tried  in  vain,  the  floor  of  the  room 

▼as  taken  up ;  and  then  it  was  found  that  a  gas-pipe  had  been  so  laid  as  to  be 
exposed  to  friction  from  a  bell-wiro,  which  crossed  underneath  it  at  right  angles  to 
its  coursa  The  bell-wire  had  sawn  a  cut  across  the  pipe,  and  at  last  had  opened 

its  calibre.     Both  the  pipe  and  the  wire  had  been  laid  down  before  the  commence- 
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iiient  of  my  oocupcuicy ;  and  it  was  impoflsible  to  disooTer  whether  the  bellhanger 
or  the  gasfitter  had  been  most  to  bUme  in  the  matter. 

The  gaseliers  or  pendants  used  in  sitting-rooms  are  commonly  baknced  by 
weights,  and  are  made  to  slide  up  and  down,  so  that  the  level  of  the  illamination 
may  be  altered  when  required.  In  this  arrangement,  the  lower  sliding  tube, 
into  which  the  upper  one  is  received,  is  double  and  contains  water,  by  which  the 
escape  of  gas  is  prevented.  This  water,  from  having  only  a  very  small  surface 
exposed  to  the  air,  evsporates  but  slowly,  but  it  does  evaporate  in  time  ;  and  if  the 
tube  IB  suffered  to  become  empty,  gas  must  escape.  If  the  tube  is  nearly  emptv,  but 
yet  contains  sufficient  water  to  seal  the  joint  when  the  flames  are  high  up,  it  will 
sometimes  happen  that  by  drawing  them  down  the  protection  of  the  water  is 
lost  Gas  will  then  ascend  from  the  mouth  of  the  lower  tube  to  the  ceiling 

of  the  room ;  and  may  accumulate  there  to  a  dangerous  amount  before  it  is 
diffused  downwards  in  sufficient  quantity  to  give  the  alarm.  Wherever  such 
sliding  gaseliers  are  used,  it  should  be  made  a  matter  of  routine  to  refill  their  tubes 
with  water  at  reasonable  intervals  of  time^  say  once  in  a  month  or  six  weeks.  The 
retiUing  can  be  done  by  anybody,  and  requires  only  a  pair  of  tall  steps  and  a  jug  of 
water.  If  the  gaselier  is  drawn  down  as  far  as  it  will  come,  and  the  lower  tube 
is  then  filled  up,  the  water  will  overflow  and  make  a  mess  when  the  tube  is  pushed 
up  again.  It  should  either  be  only  partially  filled  when  drawn  down,  or,  what 
is  perhaps  better,  should  be  quite  filled  when  it  is  pushed  up  as  far  as  it  will  ga 
An  excellent  method  of  preventing  evaporation  is  to  fill  the  tube  nearly  to  the  top 
with  water,  and  then  to  complete  the  filling  with  a  little  almond  or  olive  oil  If 
this  be  done,  the  gaselier  will  require  no  further  attention  for  an  indefinite  tim& 

It  will  be  gathered  from  the  foregoing  that  the  prudent  householder  will  prefer 
a  dry  to  a  wet  meter  for  his  gas ;  and  that,  even  with  the  foimer,  he  will  establish 
a  depending  opening  by  wliich  the  whole  of  the  pipes  within  his  house  may  be 
emptied  of  water  in  case  of  need ;  that  he  will  take  care  to  have  such  a  waminty 
for  the  character  of  new  fittings  as  may  protect  him  against  pecuniary  loss  in 
consequence  of  the  supply  of  bad  goods  or  bad  work  by  his  tradespeople  ;  and  that^ 
in  case  of  leakage  betrayed  by  the  sense  of  smell,  he  will  carefully  cut  off  the  main 
supply,  and  secure  thorough  ventilation,  before  any  light  is  suffered  to  be  taken  into 
the  place  from  which  the  odour  proceeds.  Whether  it  is  desirable  to  turn  off  the 
main  supply  at  night,  as  a  matter  of  habit,  is,  I  think,  very  questionable.  The  pipe 
usually  enters  at  some  place  not  eaefy  of  access ;  and,  if  a  light  should  be  suddenly 
required  in  the  night,  in  consequence  of  illness,  or  of  other  emergency,  the  complete 
exclusion  of  gas  from  the  premises  might  entail  some  inconvenience.  As  regards 
the  question  of  safety,  I  think  I  have  never  heard  of  either  fire  or  explosion  at  night 
which  were  consequent  upon  the  main  pipe  being  left  open ;  but  I  have  heard  of 
more  than  one  explosion,  and  of  many  narrow  escapes  from  explosions,  which  were 
occasioned  in  the  way  already  described,  by  a  tap  having  been  left  open  in  some 
room  in  which  a  light  had  been  burning  when  the  supply  pipe  was  dosed,  so  that 
free  leakage  was  permitted  when  the  supply  pipe  was  re-opened.  In  my  own  house, 
where  gas  is  only  used  in  the  kitchen,  basement,  entrance,  on  the  staircase,  and  in 

a  consulting-room  where  it  is  indispensable  for  professional  purposes,  I  never  have 

the  main  closed  from  one  years*  end  to  another ;  nor  do  I  perceive  in  what  way  I 
should  arrive  at  any  additional  safety  by  alteiing  my  practice  in  this  respect 
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CHAPTER  XLTL 

OAS   PRESSURE,    PIPES,    AKD  BURNERS. 

Three  main  fornu  of  Burners— Influence  of  Gm  Pressure — ^Variations  in  Pressure — Evils  of  Excessive 

Pressure — Governors— Description  of  the  Prineipol  Gas-burners.  ^ 

AssuxiNO  that  gas  is  to  be  burnt  as  a  source  of  domestic  ligbt,  the  next  question 
to  be  considered  has  i*eference  to  the  manner  in  which  this  should  be  done.  The 
burners  in  common  use  are  three  in  number,  the  argand,  the  batwing,  and  the 
6shtail ;  with  many  modified  forms  of  each. 

The  argand  burner  consists  essentially  of  a  small  ring,  usually  about  three 
quarters  of  an  inch  in  diameter,  from  the  upper  surface  of  which  the  gas  escapes 
hj  a  number  of  fine  openings.  The  flame  is  therefore  a  hollow  cylinder,  and  the  air 
lias  free  access  both  to  its  exterior  and  to  its  interior. 

Tlie  batwing  is  a  small  tube,  closed  at  the  top  by  a  hemispherical  bulb,  through 
which  a  yertical  slit  for  the  issue  of  the  gas  is  cut  by  a  fine  saw.  The  flame  is  flat, 
and  almost  semicircular  in  outline 

The  fishtail,  or  union-jet^  is  a  tube  with  a  flat  circular  top,  in  the  centre  of 
which  is  a  central  concavity  or  depression,  in  which  two  channels  are  bored  in 
directions  inclining  towards  one  another  from  below  upwards.  The  two  issuing 
streams  of  gas  meet,  and  each  modifies  the  shape  of  the  other,  so  that  the  flame 
spreads  out  into  a  thin  sheet  transverse  to  the  direction  of  the  perforations;  and 
with  sides  which  are  at  first  semicircular,  but  which,  as  they  ascend,  become  nearly 
[)arallel.  The  diflerence  between  the  last  two  varieties  is  not  of  an  important 
character,  but  thoy  both  differ  from  the  argand  in  that  the  flame  of  this  requires  to 
be  inclosed  by  a  chimney,  in  order  to  secure  the  requisite  regularity  and  steadiness 
of  the  air  supply.  The  batwing  and  fishtail  burners  are  often  inclosed  in  globes, 
bat  they  do  not  require  chimneys,  and  the  globes  are  to  be  regarded  as  ornaments 
or  as  adjuvants  rather  than  as  necessaries. 

The  pipes  by  which  gas  is  distributed  from  the  central  reservoirs  to  the  build- 
ings in  which  it  is  consumed  are  manifestly  of  constantly  diminishing  calibre,  the 

system  bearing  a  rude  resemblance  to  the  trunk,  boughs,  branches,  and  twigs  of 
a  tree.  The  inner  surfaces  of  the  pipes  of  such  a  system  oppose,  as  a  matter  of 
counie,  considerable  frictional  resistance  to  the  passage  of  gas,  which  has  to  be 
driven  along  them  by  a  certain  amount  of  pressure,  and  this  pressure  must  be 
increased  when  a  larger  supply  is  required,  or  wlien  the  gas  has  to  be  transmitted 
over  long  distances.  Hence  it  is  the  custom  of  gas  companies  to  keep  the  pipes 
fidl  under  a  low  pressure  during  the  hours  of  slack  consumption,  and  to  increase 
this  pressiure  during  the  hours  of  chief  demand.  It  is  also  the  practice  to  increase 
the  pressure  somewhat  in  anticipation  of  the  demand,  and  to  maintain  it  for 
a  time  after  the  chief  demand  has  ceased  ;  the  result  of  which  is  that  it  falls  in 
the  terminal  pipes  at  about  the  time  when  numerous  jets  which  had  previously  been 
closed  and  inoperative  are  fibrst  lighted,  and  that  it  rises  again  suddenly  when  the 
majority  of  shop  lights  are  being  extinguished     Hence  the  pressure  varies,  not  only 
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with  the  known  amount  which  is  applied  at  the  reseryoirs,  and  which  can  be  reckoned 
tipon,  but  also  with  the  number  of  jets  which  may  be  lighted  in  the  district  at  t^e 
time,  an  element  which  may  bo  variable  even  on  different  days  of  the  week.  I  hare 
before  me  a  diagram  which  gives  a  graphic  representation  of  the  variations  of 
pressure  near  Cliaring  Cross,  on  the  7th  and  8th  of  February  in  the  present  year, 
the  variations  being  recorded  automatically  on  a  revolving  drum.  The  pressure  is 

expi*es8ed  in  inches  of  a  column  of  water;  and  at  Charing  Cross,  during  the  quiet  times 

of  the  day,  as  from  one  o'clock  in  the  morning  to  three  in  tbe  afternoon,  it  stood 
at  about  an  inch  and  a  half,  or  1  '5.  At  about  a  quarter  past  three,  it  rose  to  1*8, 
falling  almost  immediately  to  1"7,  and,  by  four  o'clock,  to  1'6,  no  doubt  in  con- 

sequence of  many  lights  having  been  kindled  since  the  first  increase  of  pressure  at 
the  works.  At  four,  the  central  pressure  was  again  increased,  and  the  index 

steadily  mounted  until,  by  a  quarter  to  five,  it  had  reached  2*83.  From  this, 

as  more  lights  were  kindled,  it  fell  in  the  course  of  twenty  minutes  to  2*3,  and 
fluctuated  between  this  and  2*5  until  eight  o'clock,  when  shops  began  to  be  closed, 
so  that  the  pressure  became  excessive  on  the  burners  which  were  still  in  use,  and 

rose  to  3*25  by  nine  o'clock.  From  this  point  it  declined  gradually,  reaching  2*5  by 
ten  minutes  before  twelve,  and  falling  abruptly  to  1*5  in  the  course  of  the  nest 
hour.  The  pressuroT  therefore  ranged  from  an  inch  and  a  half  to  nearly  three  and 
a  half  between  four  and  nine  p. no.,  and  fell  again  to  one  and  a  half  between  nine 
p.m.  and  one  a.m. 

In  ordinary  gas-burners,  the  supply  to  which  is  regulated  only  by  a  tap,  these 
sudden  and  great  variations  of  pressure  are  frequent  sources  of  inconvenience  and 

of  waste.  When  the  gas  is  lighted,  probably  before  the  evening  increment  of  pres- 
sure commences  at  the  works,  the  taps  require  to  be  almost  fully  opened  in  order  to 

obtain  a  supply  adequate  for  the  maintenance  of  a  flame  of  moderate  size.  As  soon 

as  inci*easing  pressure  drives  more  gas  along  the  pipes,  the  previously  quiet  fiames 
begin  to  flare  and  sing ;  and  the  rush  of  gas  which  issues  from  them  no  longer  finds 
oxygen  enough  in  the  immediate  vicinity  of  the  flame  to  provide  for  its  complete 
combustion,  so  that  the  room  becomes  filled  with  the  vapour  of  unoxidised  carbon, 

which  is  deposited  in  the  form  of  fine  soot,  and  which,  to  people  of  sensitive  res- 
piratory organs,  produces  an  atmosphere  of  a  very  unpleasant  character.  Of  course, 

in  a  room  or  other  place  which  is  occupied  when  the  increased  pressui^  comes  into 
play,  there  is  no  further  trouble  that  that  of  altering  the  tap  of  each  burner  until 
the  flame  resumes  the  desired  character  and  magnitude ;  but  in  rooms  which  are  for 
the  time  unoccupied,  or  in  passages  or  on  staircases,  there  may  be  much  waste 
before  attention  is  directed  to  the  circumstance.  An  argand  burner  under  excess  of 
pressure  gives  off  black  smoke  very  freely ;  and  I  have  more  than  once  been  absent 
from  a  room  in  which  such  a  burner  had  been  lighted  under  low  pressure  and  left 
burning,  and  have  returned  to  find  a  high,  black,  and  smoky  flame,  and  an  atmos- 

phere thickly  charged  with  the  fine  black  dust  of  unconsumed  carbon. 
In  order  to  meet  the  inconveniences  thus  arising,  various  contrivances  called 

"  governors "  have  been  invented.  The  object  of  a  governor  is  to  prevent  the 
pressure  in  the  pipes  beyond  where  it  is  fixed  from  rising  above  a  prearranged 
maximum,  an  effect  which  is  produced  by  neutralising  the  pressure  by  some  kind 
of  interposed  resistance.  The  earliest  form  of  governor  which  I  remember  was  a 

box  filled  with  snudl  shot,  and  so  made  part  of  the  gas-pipe  that  the  gas  was  com- 

\ 
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pelled  to  force  its  way  between  the  pellets.  JVIuBlin  filters  and  other  contrivances 
have  also  been  employed,  and,  in  more  recent  times,  governors  have  been  made  in 
such  a  manner  that  they  are  called  into  increased  action  by  increased  pressure,  and 

are  therefore  self-regulating  or  automatic. 
For  the  fluctuations  of  pressure  which  are  due  to  alterations  made  at  the  central 

reservoir,  or  which  depend  upon  the  tuming-off  of  many  lights  in  the  vicinity,  a 
governor  placed  upon  the  main  inlet  tube  of  the  house,  just  within  the  meter, 
would  obviously  be  sufficient,  and  such  an  arrangement  will  often  answer  very  well 
in  small  houses.  In  large  establishments,  however,  there  may  be  great  fluctuations 
within  the  building  itself,  due  to  strictly  local  causes.  For  instance,  the  main 
supply  remaining  imchanged,  the  extinction  of  all  the  lights  upon  one  floor  of  a 
lai^  building  may  throw  a  much  increased  pressure  upon  the  burners  of  the 
remaining  floors.  Internal  changes  such  as  this  can  only  be  met  by  the  application 
of  &  governor  to  each  burner. 

The  modem  modifications  of  the  three  chief  forms  of  gas-burner  already 
enumerated  have  been  chiefly  due  to  the  attention  bestowed  upon  the  question  by 
Mr.  Silber,  Mr.  Sugg,  and  Messrs.  Bray. 

It  has  long  been  known  to  natural  philosophers  that  the  attainment  of  perfect 
combustion  requires  a  careful  adjustment  of  the  relative  quantities  of  fuel  and  of 
atmospheric  air ;  but  Mr.  Silber  was,  I  lielieve,  the  first  manufacturer  who  kept  this 
requirement  constantly  before  his  mind  as  one  which  he  would  endeavour  to  fulfil. 
His  earliest  experiments  had  reference  entirely  to  burners  for  oil,  and  it  was  only 
after  having  brought  these  to  a  very  high  degree  of  excellence  that  he  conceived  the 
idea  of  applying  the  same  principles  to  burners  for  gas.  He  found  by  many  careful 
trials  that  an  excess  of  fuel  over  air  produced  imperfect  combustion  by  lack  of 
oxvgen,  while  excess  of  air  over  fuel  produced  imperfect  combustion  by  diminution 
of  temperature ;  the  ultimate  result  in  both  cases  being  a  smaller  amoimt  of  light 
than  the  quantity  of  fuel  which  was  dissipated  ought  to  furnish,  and  a  liberation  of 

compounds  more  or  less  noxious  or  unpleasant,  and  produced  by  the  sub-oxidation  of 
the  unconsumed  waste.  In  order  to  attain  the  best  possible  results,  he  constructed  an 
argand  burner  for  oil,  in  which  the  metal  parts  below  the  flame  were  of  sufficient 
leDgth  to  warm  the  air  as  it  ascended  through  them,  and  in  which  the  air  admitted 
to  the  inner  portion  of  the  ring  waa  made  to  pass  through  an  opening  of  carefully 
calculated  area^  and  then  through  and  around  a  vertical  tube,  by  which  a  portion 
of  it  was  guided  to  the  upper  portion  of  the  interior  of  the  flame,  where  it  arrived 
as  a  sort  of  reinforcement  to  that  which  had  gained  access  from  without,  and  which 
had  already  carried  the  combustion  to  a  certain  point.  The  results  thus  obtained 
.▼ill  be  more  particularly  described  in  speaking  of  oil  burners,  but  they  were 
safficiently  good  to  lead  to  the  application  of  the  same  principles  to  gas,  and  thus, 

ultimately,  to  the  details  of  the  Silber-Argand  burner,  which  is,  accoixling  to 
Professor  Wallace,  the  best  which  has  been  constructed. 

The  Silber-Argand  is  shown  of  full  size  in  elevation  in  Fig.  187,  and  in  section  in 
Fig.  188.  It  is  constructed  of  brass  and  steatite,  and  consists  of  tubes  so  arranged 
that  two  concentric  currents  of  air  have  access  to  the  inner  surface  of  the  gas  flame, 
and  two  to  the  outer  surfaca  The  gas  is  admitted  into  a  lower  chamber  of  brass,  and 

from  thence  passes  into  a  cylindrical  chamber  of  steatite,  the  roof  of  which  is 

pierced  by  twenty-four  holes,  at  which  the  gas  escapes  to  feed  the  flame.     The  air 
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gwoB  Mceu  to  the  interior  of  tlie  fltunn  tkroagh  the  squAre  opening  abovn  in  the 

drawing,  the  size  of  which  is  oarefall;  regaUted,  and  passea  from  thenoe  both 
within  and  outside  of  the  vertical  inner  tnbe  by  which  part  of  it  is  directed  to  the 

higher  portions  of  the  flame.  It  is  hy  this  graduation  and  dividoD  of  tlie  air- 
supply  that  tiie  excellent  results  given  by  the  bomer  are  attained.  It  is  oomnioiil; 
fitted  with  a  governor,  of  a  kind  which  requires  adjustment  as  the  pressure  of  the 

gas  varies,  bat  which  provides  (<x  the  maintenance  of  a  uniform  light  and  consump- 
tion, to  whatever  extent  the  variation  may  be  carried.     Quite  recentlj,  these  burners 

Plr.  lB7.-3ilber  Ar^ud.  Fig.  IBB.— S«f  tlon  of  ditto. 

have  also  been  fitted  with  automatic  governors,  calculated  to  pass  either  five,  six,  or 
seven  cubic  feet  per  hour,  and  they  then  present  the  appearance  shown  in  Fig.  189. 
A  Silber  tubulated  burner  thus  fitted  requires  a  chimney  of  height  adapted  to 
its  consumption,  t.e.,  7-incb  for  five  feet,  &-inch  for  six  feet,  and  lO'inch  for 
seven  feet. 

Mr.  Sugg's  orgond  burner,  better  known  as  the  New  "  London "  Argand,  is 
readily  distinguishable  from  others  by  the  body  of  the  burner  being  supported  upon 
three  fine  tubes,  through  which  the  gas  obtains  access  to  the  flame.  This  burner  is 

shown  in  section  in  Fig.  190,  and  is  thns  describod  by  the  maker  : — "At  the  point 
at  which  the  gasenters  is  a  brass  nose-piece,  a,  screwed  to  fit  the  usual  three-eight 
thread,  intended  by  the  manufacturers  of  all  gas-fittings  to  receive  the  burner. 
This  is  drilled  throngh  its  length,  and  slightly  trumpeted  at  the  top  so  as  to  fit  the 
cone-shaped  piece  of  metal  projecting  from  the  roof  of  the  inlet  chamber,  & 

"  The  outside  of  the  upper  portion  of  the  nose  piece,  a,  is  screwed  to  fit  the 
inside  of  the  inlet  chamber,  B,  and  thus,  by  an  adjustment  of  this  screw,  by  meana 
of  paper  washers  put  on  Uie  shoulder  at  a  b,  it  is  possible  to  enlsjge  or  decrease  the 
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area  of  the  jtMaa^  throagh  which  the  gas  has  to  pass  In  order  to  supply  three  tubes, 
of  which  only  two,  C  and  D,  are  shown  in  the  drawing,  by  whioh  it  ib  further  con- 

ducted to  the  oombnation  chamber,  B.     This  chamber  is  made  of  steatite,  and  is 
pierced  by  a  number  of  holes,  bo   arranged  as  r^ards  size  and  number  that  the 
(juantity  of  gas  the  burner  is  required  to  con- 

sume shall  pass  out  at  an  inappreciable,  or  at 
the  least  possible,  pressure,  in  order  that  the 

oiygcQ  of  the  atmosphere — slowly    ascending 
through  the  centre  opening  t,  and  the  annulus 
formed  by  the  edge  of  the  air  cone  a,  and  the 
outside  of   the  combustion  chamber  e — shall 
combine  with     the    burning    gas    by   natural 

Fig.  16B,—8iIber  Atgaod  with  Autoimitio  Oommor.  F:g,  190. -London  Aiguil. 

affinity  only,  leading  the  nitrt^n  to  pass  freely  out  at  the  top  of  the  flame,  h  is 
one  of  the  three  springs  which  are  intended  to  keep  the  chimney  glass  steady  in  its 
place,  and  J  J  are  two  or  Uiree  rests  for  a  screen,  globe,  or  moon,  as  may  be 
desired."  » 

Thb  "  London  "  argand  diflers  from  that  of  Mr.  Silber  in  one  or  two  unim- 
portant features,  and  in  two  important  ones,  the  first  of  the  latter  being  that 

Mr.  Sugg  claims  to  obtain  his  results  by  so  arranging  the  supply  of  gas  to  the 
•Mmbiution  chamber  that  it  shall  issue  at  the  least  possible  velocity,  and  at  as 
loT  a  temperature  as  possibla  To  accomplish  these  ends,  he  uses  such  a  con- 

traction that  the  total  area  of   gas  inlet  shall    be  less  than  the    total   area    of 
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gu  outlft,  or  ]>erforfttion  openings  at  the  baae  of  the  flame,  in  the  proportion  of 
about  one  to  eix,  and  lie  makes  his  upper  chamber  of  steatite,  as  in  the  Biibn 
burner.  The  other  important  difference  is  that  the  8u^  burner  has  only  one  air 
channel  within  the  flame. 

It  is  somewhat  curious  to  obsei-ve  that  no  cltum  is  made  by  Mr.  Su^  for  the 
regulation  of  the  air  aupply,  and  that  no  claim  is  made  by  Mr.  Silber  for  the  regula- 

tion of  tlie  gas  supply.  The  two  inventors  appear  to  have  been  following  distinct 
tracks  of  investigation.  Mr.  Silber  has,  however,  arrived  also  at  the  point  indicated 
by  Mr.  Sugg,  having  ascertained  that  in  the  Silber  ai^jand  the  gaa  issues  at  a  very 
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low  pressure  or  yelocitj,  insomuch  that  the  registration  of  the  water-gauge  never 

exoeeds  O'lOth  of  an  inch,  and  is  often  scarcely  above  zero.  In  fact,  almost 
every  argand  burner,  when  in  actual  working,  must  have  its  inlet  area  smaller  than 
its  outlet  area.  It  would  be  impossible  to  use  any  argand  without  establishing  such 
a  condition  by  means  of  its  tap,  if  not  otherwise ;  and  it  will  be  found  practically 
that  the  conditions  insisted  upon  by  Mr.  Sugg  would  in  this  way  be  very  nearly 
arrived  at. 

Considering  the  time  and  care  which  would  be  required  for  experiments  for  the 
purpose  of  arriving  at  any  sound  conclusion  oonoeming  the  relative  merits  of 

different  gas-burners^  and  the  extent  of  the  commercial  interests  which  are  involved, 
the  task  of  pronouncing  upon  these  merits  is  one  which,  to  any  single  writer,  would 
be  at  once  difficult  and  invidious.  I  am  therefore  highly  fortunate  in  being  relieved 
from  it  by  the  reports  which  have  been  presented  to  the  British  Association  for  the 
Advancement  of  Science,  in  the  years  1878  and  1880,  by  committees  specially 
appointed  for  the  purpose ;  but  a  detailed  reference  to  these  reports  will  be  most 

conveniently  postponed  until  afber  some  description  of  the  chief  forms  of  flat-flame, 
burners  has  been  given. 

In  these  also  we  meet  Messrs,  Silber  and  Sugg  as  the  chief  competitors. 
The  Silber  batwing  (Eig.  191)  is  essentially  a  combination  of  two  common 

batwing  slits,  the  lower  of  which  feeds  a  little  vase  or  chamber  from  which  the 
upper  one  gives  outlet.  Hence  the  gas,  escaping  through  the  lower  slit  under 
pressure  from  the  main,  expands  somewhat  in  the  vase,  and  escapes  from  the  upper 
slit  into  the  flame  at  a  diminished  pressure. 

The  Silber  '<  Concordia  "  burner  is  a  modification  of  the  fishtail  or  union  jet ; 
and  its  name  seems  intended  to  imply  that  the  two  elements  by  which  the  expanded 
flame  are  produced  are  combined  more  harmoniously  and  more  perfectly  than  in 
any  of  the  earlier  forma  There  have  been  several  previous  burners  in  which  the 
onion  and  reciprocal  action  of  two  jets  of  gas  have  been  obtained  by  the  combination 
of  two  distinct  burners,  placed  at  an  angle  to  one  another,  instead  of  by  the  method 
which  has  lately  been  more  common,  of  making  two  separate  perforations  in  a 
single  jet.  In  this  way  much  more  light  has  been  obtained  than  could  be  given  by 

the  same  two  burners  arranged  independently ;  but  in  the  new  Silber  '*  Concordia  " 
burner  the  two  small  burners  are  combined  in  one  nozzle,  although  separated  by 

an  intervening  wedge-shaped  piece  of  brass,  and  it  is  claimed  that  this  arrangement 
yields  results  which  surpass  all  previous  ones.  It  is  said  that  the  illumination 
yielded  by  this  burner  is  almost,  if  not  quite,  equal  to  that  of  the  two  best  forms  of 
argand.  Fig.  192  shows  the  burner  lighted,  thus  giving  the  size  and  shape  of  the 
flame ;  and  Eig.  193  shows  a  recent  modification,  by  the  attachment  of  a  small  valve 
or  lever,  so  fixed  that  by  slight  raising  or  lowering  it  shuts  off  the  gas  from  one  of 
the  jets,  leaving  the  other  unaffected.  By  this  means  the  consumption  can  be 
reduced  wheh  much  light  is  not  required,  and  a  tendency  to  smoke,  which  is  common 
in  burners  of  this  class  when  the  flame  is  lowered,  is  obviated. 

The  Sugg  batwing  burner  has  recently  been  improved  by  an  altered  method  of 
cutting  the  slit  which  gives  issue  to  the  gas ;  and  which  now,  by  means  of  a  circular 
saw,  is  made  to  curve  somewhat  upwards  at  its  extremities,  so  as  favourably  to 
modify  the  shape  of  the  resulting  flame.  Another  improvement  is  the  addition  of 

▼hat  Mr.  Sugg  calls  a  *'  table-top,"  a  small  horizontal  plate  of  steatite  immediately 
8S 
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below  the  slit,  bj  which  the  flame  is  somewhat  contracted,  its  shape  modified,  and 
its  edges  are  rendered  more  luminous  and  more  steady. 

Many  jeara  ago,  Mr.  Scholl,  of  London,  adopted  the  system  of  placing  a  amall 
plate  of  platinum  between  the  two  orifices  of  the  union  jet^  the  result  being  that 
the  initial  velocity  with  which  the  gas  escapes  is  s{)ent  bj  striking  against  the  plate, 
and  the  gas  ascends  in  a  somewhat  sluggish  flame,  which,  in  the  case  of  cannel  gas, 
has  a  tendency  to  smoke,  and  is  easily  blown  about  by  currents  of  air.  This  is  the 
case  also  with  all  union  jet  flames  burned  at  very  low  pressures,  and  practically  a 

jet  of  this  kind  cannot  be  burned  much  below  0*3  or  0*4  for  small  sizes,  and  0*5 

for  large  sizes  consuming  four  or  five  cubic  feet  per  hour.  Scholl's  '*  Perfecter," 
as  he  has  called  it,  has  been  used  extensively  in  London  and  other  towns  for 
common  gas,  but  it  is  not  suitable  for  the  richer  gas  used  in  Scottish  towns.  It 

will  be  observed  that  the  principle  is  the  same  as  that  adopted  in  the  **  Con- 
cordia "  burner,  already  described  and  figured. 

If  two  batwing  flames  are  brought  tc^ther,  especially  if  the  slits  be  narrow,  the 
gas  of  low  quality,  and  the  pressure  somewhat  high,  the  illuminating  power  of  the 
united  flame  is  greatly  in  excess  of  the  sum  of  the  two  tested  separately.  Fpon 
this  principle  is  constructed  a  double-slit  batwing,  the  slits  being  about  a  millimetre 
apart,  which  is  used  in  Manchester  and  other  towns  in  England,  and  which  is 

an  excellent  burner  for  gas  not  exceeding  20-candle  power,  but  which  gives  a  some- 
what smoky  flame  with  gas  of  high  quality. 

The  governors  attached  to  batwing  or  union-jet  burners  consist  of  small 
chambers,  placed  immediately  beneath  the  burner  proper,  and  containing  a  disc  of 
metal  or  steatite,  which  is  raised  by  the  cuiTent  of  gas  in  such  a  way  as  to  diminish 
the  channel  through  which  it  obtains  access  to  the  flame.  As  the  pressure  is 
increased,  the  disc  is  raised  in  a  greater  degree,  and  the  channel  is  diminished  in 

proportion.  In  Mr.  Sugg's  governor,  the  disc  is  of  steatite,  and  there  are  small 
guiding  and  other  parts  subservient  to  the  better  working  of  the  oontrivance,  which 
it  is  not  necessary  more  particularly  to  describe. 

Messrs.  Bray,  of  Leeds,  who  are  manufacturers  of  burners  on  a  very  lai^ 

scale,  make  both  batMring  and  union-jet  or  fishtail  forms  of  excellent  quality 
in  relation  to  their  very  moderate  price.  They  also  make  what  they  have  called  slit- 
union  burners,  in  which,  although  formed  by  a  slit,  the  shape  of  the  flame  resembles 

that  which  is  furnished  by  the  ordinary  union  jet.  The  table-top  of  Mr.  Su^ 
modifies  the  shape  of  the  flame  in  a  somewhat  similar  manner. 

The  only  other  batwing  that  requires  further  to  be  noticed  is  the  patent  regulat- 
ing batwing  used  in  the  United  States,  where  it  was  introduced  in  1871,  and  whidi 

is  practically  the  only  flat-flame  burner  capable  of  burning  advantageously  the  "air 

gas "  made  by  saturating  air  with  the  vapour  of  petroleum  spirit  It  consists  of 
a  very  much  elongated  iron  batwing  with  an  exceedingly  narrow  slit^  surrounded 
by  a  brass  tube  at  the  distance  of  about  two  millimetres ;  into  the  space  between 
the  two  gas  is  admitted  by  a  wide  orifice,  the  amount  being  regulated  by  a  screw, 
and  this  gas  ascends  entirely  without  pressure,  while  the  force  of  the  gas  issuing 
from  the  narrow  slit  spreads  it  out  into  a  fine  soft  flama  This  burner  gives 
excellent  results  with  gas  of  all  qualities,  but  its  shape  is  not  adapted  to  the  gas- 
fittings  in  use  in  this  country,  and  it  has  not  been  used  here  except  for  air  gas  made 
for  private  houses. 
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CHAPTER  XLIII. 

RESULTS   OF   EXPERIMENTAL  TESTS   IN   OAS-LIGHTING. 

Britiih  AMoeUtion  G«b  Eeports — Gumel  G«8  and  Common  Gko— Evils  of  Exoesdve  Gu  Consumption 
—Effects  of  Various  Ftessures  and  Quantities  with  Flat-flame  Burners  and  Cannel  Giis — With 
Aigand  Burners — ^Absorption  of  Light  by  Globes—Variations  in  Pressure — Similar  Experiments 
witii  Common  Gm — ^Effects  of  Heating  the  Gas  or  the  Air  Snpplj — Gas  Governors— Cost  of  Burners. 

The  reports  of  the  British  Association  committees,  already  referred  to,  deal  with 
the  respective  merits  and  advantages  of  most  of  the  foregoing  burners,  and  do  so 
upon  a  basis  of  perfectly  independent  experiment  They  may  therefore  be  taken, 
to  a  very  great  extent,  as  trustworthy  guides  to  consumers. 

The  reports  already  issued  are  two  in  number.  The  first  of  them,  which  was 
read  at  the  Dublin  meeting,  is  published  in  the  volume  of  Transactions  for  1878; 
the  second,  which  was  read  at  the  Swansea  meeting,  was  published  in  the  Transao- 
tions  for  1880.  The  first  committee  consisted  of  Dr.  William  Wallace,  Professor 
Dittmar,  and  Mr.  Thomas  Wills ;  the  second  committee  consisted  of  the  two  first- 
named  gentlemen  and  Mr.  John  Pattinson.  The  first  report,  which  has  reference  to 

cannel  gas,  was  drawn  up  by  Dr.  Wallace ;  the  second,  which  has  i*eference  to  the 
gas  obtained  from  common  coal,  was  drawn  up  by  Mr.  Pattinson. 

The  fii-st  report,  presented  in  1878,  or,  as  it  is  more  correctly  described,  the  first 
])art  of  the  report  taken  as  a  whole,  was  based  upon  experiments  with  the  cannel 
gas  in  common  use  in  Scotland,  which  has  an  illuminating  power  of  26  candles  or 
thereabouts ;  the  second  is  based  upon  experiments  with  London  gas,  which  has  an 
illuminating  power  of  16  candles  or  thereabouts.  The  practical  interest  of  the 
former  is  confined  to  the  dwellers  north  of  the  Tweed,  as  that  of  the  latter  to 
dwellers  south  of  the  Tweed ;  but^  as  this  book  is  intended  to  convey  information 
to  all,  it  will  be  desirable  to  give  a  summary  of  the  results  obtained  with  both  the 
f  oims  of  gas. 

In  some  introductory  observations,  the  report  states  that  the  fact  has  long  been 
recognised  that  the  illuminating  power  of  coal  gas  depends  largely  u|K>n  the  way  in 
which  it  is  burned.  Setting  aside  all  theories  about  the  source  of  the  illumination, 

whether  from  solid  highly-heated  particles  of  carbon  or  fi'om  incandescent  gases,  the 
fact  remains  that  a  given  quantity  of  gas  may  be  burned  under  difierent  conditions, 

60  as  to  yield  widely-different  illuminating  effects.  A  gas  made  from  bituminous 

coal  gave,  when  burned  by  Sugg's  patent  improved  London  argand  at  the  rate  of  5 
cubic  feet  per  hour,  the  light  of  14*81  candlea  The  same  quantity  burned  by 
a  union  jet  at  '5  inch  pressure  gave  11*46  candles;  and  by  a  union  jet  at  1*5  inch 
pressure  3'66  candles;  these  quantities  corresponding  to  100,  77,  and  25.  Pattinson 
states  that  burners  are  in  extensive  use  in  Newcastle  which,  for  5  cubic  feet  of  gas, 

give  a  light  equal  to  only  3*75  candles  ;  while  the  same  gas,  burned  in  good  argand 
bomers,  gives  for  the  same  consumption  17*75  candles,  and  in  good  union  or  fishtail 
burners  12*5  candles.  In  the  case  of  cannel  gas,  the  variations  are  not  so  extensive; 
bat  the  following  illustrates  the  effect  of  pressure  alone  in  influencing  the  light 

obtained,  the  burners  being  of  the  same  kind  in  each  case,  but  with  orifices  cal- 
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culated  to  deliver  5  cubic  feet  of  gas  at  the  different  pressures.  At  '5  inch 
pressure  a  union  jet  of  the  best  construction  gave  a  light  equal  to  28*47  candles, 
while  at  1*5  inch  pressure  the  light  from  an  equally  good  union  jet  was  21*14 
candles,  these  numbers  being  in  the  proportion  of  100  to  74.  In  these  instances 
the  quantities  of  gas  were  ihe  same,  five  cubic  feet  per  hour,  but  if  we  take  smaller 
quantities  of  gas,  and  calculate  the  results  to  five  feet,  the  numbers  obtained  are 

still  more  remarkable.  The  following  is  quoted  from  Wallace's  paper  on  the  economic 
consumption  of  coal  gas,  all  the  burners  used  being  Bray's  "  adamas-tipped  "  union 
jets  for  cannel  gs^  A  number  0  at  1  '5  inch  pressure  burned  two  cubic  feet  per 
hour,  and  gave  a  light  of  3*5  candles,  or,  for  five  cubic  feet  per  hour,  8*8  candles ;  a 
number  8  at  1  inch  pressure  burned  7*1  cubic  feet  per  hour,  and  gave  45*4  candles,  or 
for  five  cubic  feet,  32  candles.  Between  ordinaty  working  limits  of  pressure,  and  with 

equally  good  bui*ners,  we  have,  therefore,  a  given  quantity  of  gas,  ̂ ve  cubic  teei 
an  hour,  giving,  in  the  one  case,  32  candles,  and  in  the  other  8*8,  or  in  the  propor 
tion  of  100  to  27*5.  The  loss  of  light  here  shown,  amounting  to  72*5  per  cent  of 
the  whole,  is  exceeded  when  still  higher  pressures  are  used,  and  it  is  greater  with 
common  that  with  cannel  gas.  A  remarkable  effect  is  produced  from  a  mixture 
of  cannel  gas  with  about  twice  its  bulk  of  air.  At  a  low  pressure,  in  an  argand  jet 
with  large  holes,  it  gives  a  fairly  luminous  flame,  while,  at  a  high  pressure,  3  or  4 
inches,  although  the  quantity  of  gas  consumed  is  three  times  as  great,  the  flame  is 

almost  non-luminous,  and  has  a  greenish  tint.  The  gas,  used  somewhat  extensively 
in  the  United  States,  made  by  saturating  air  with  petroleum  spirit,  require  to  be 

burned  at  a  pressure  not  exceeding  0*1  of  an  inch,  which  can  be  obtained  only  with 
an  argand  of  veiy  large  holes,  or  a  batwing  of  peculiar  construction,  called  the 

'*  American  Regulating  Batwing."  *  At  ordinary  pressures,  such  as  are  used  for  coal 
gas,  there  is  scarcely  any  light,  and  the  flame  keeps  about  a  quarter  of  an  inch 
or  more  above  the  burner. 

It  is  not  only  on  the  score  of  economy  that  it  is  desirable  to  bum  gas  in  such  a 
manner  as  to  obtain  from  it  the  greatest  amount  of  light.  The  burning  of  a 

moderate-sized  jet  of  gas  produces  as  much  carbonic  anhydride  as  the  breathing  of 
two  grown-up  men,  and  as,  in  an  ordinary  apartment^  we  have  usually  from  three 
to  six  of  these,  the  air  becomes  vitiated  with  remarkable  rapidity.  It  is  therefore 

desirable,  in  relation'  to  health,  to  obtain  the  illumination  we  require  with  the  least 
possible  expenditure  of  gaa  The  sulphur  in  gas  is  a  very  serious  drawback  to  its 
use.  In  burning,  it  is,  no  doubt,  converted  chiefly,  if  not  entirely,  into  sulphurous 
anhydride,  but  it  is  soon  further  converted  into  sulphuric  acid,  which  attacks  with 
avidity  all  the  more  readily  destructible  articles  in  the  apartment.  So  &r  back  as 
forty  years  since,  the  effects  of  the  sulphuric  acid  arising  from  the  combustion  of 
gas  upon  the  bindings  of  books  and  many  articles  of  furniture  was  noted,  and 

recent  experiments  have  shown  that  leather,  paper,  <&c.,  in  ill-ventilated  apartments 
exposed  to  the  emanations  from  burning  gas  for  a  series  of  years,  contain  very  lai^ 

quantities  of  sulphuric  acid.  One  of  the  reporters  had  occasion  recently  to  inves- 
tigate the  action  of  burning  gas  upon  cotton  goods  stored  in  warehouses  in  London, 

Manchester,  and  other  cities  and  towns,  and  found  that,  in  some  cases,  a  few 
months  weve  sufficient  to  affect  certain  colours,  while  within  a  year  enough  sulphuric 
acid  was  absorbed  seriously  to  injure  the  strength  of  the  fabrics.     No  doubt  the  true 

*  Deioribed  in  the  hut  ohapter. 
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remedy  for  this  evil  is  to  ventilate  the  warehouses ;  but  it  is  obvious  that  if  the  gas 
were  buroed  in  an  advantageous  manner,  and  the  quantity  reduced  to  one-half  or 
one-third,  the  damaging  effects  would  be  proportionately  lessened 

The  gas  used  in  the  United  Kingdom  is  of  several  distinct  qualities.  The  best, 
or  Scotch  cannel  gas,  is  made  only  in  Scotland,  and  its  average  illuminating  power 
may  be  stated  as  twenty-six  candles  for  a  consumption  of  five  cubic  feet  per  hour. 
In  London  a  cannel  gas,  of  about  twenty-three  candles,  is  used  in  small  proportion, 
and  in  Liverpool,  Manchester,  Carlisle,  and  probably  some  other  towns,  an  inter- 

mediate gas  is  manufactured,  of  about  twenty  candles.  The  common  gas  in  use  in 
London,  and  in  most  other  English  and  Lrish  towns,  has  an  illimiinating  power  of 
from  fourteen  to  sixteen  candles.  In  the  reports,  the  investigations  have  been 
confined  to  the  first  and  last  of  these  varieties — ^the  cannel  gas  of  twenty-six,  and 
tiie  common  gas  of  sixteen  candles.  In  the  case  of  cannel  gas,  the  standard  is 
found  by  testing  the  gas  by  a  union  jet  consuming  five  cubic  feet  at  a  pressure  of 

0-5  of  an  inch,  while  the  common  gas  is  tested  by  Sugg's  London  Argand,  con- 
suming five  feet  per  hour  at  a  pressure  of  about  0*05  of  an  inch. 

Li  testing  fiat  flames,  the  custom  has  invariably  been  to  present  the  flat  side  to 

the  disc  of  the  photometer,  but^  although  the  results  thus  obtained  are  satisfactory 
in  comparing  one  flat  flame  with  another,  they  cannot  fairly  be  compared  with  those 
of  the  flames  which  give  an  equal  light  all  round.  The  edge  of  a  flat  flame  gives 
considerably  less  light  than  the  side,  but  the  difference  between  the  two  depends 
very  much  upon  the  richness  of  the  gas,  or,  in  other  words,  upon  the  opacity  of  the 
flame.  A  flame  of  gas  of  low  quality  is  so  transparent  that  an  ordinary  newspaper 
can  be  read  through  it,  but  this  cannot  be  done  with  a  flame  of  cannel  gas  except 
at  the  lower  portion,  which  in  any  case  offers  scarcely  any  obstruction  to  the  passage 
of  light.  The  following  example  may  be  given.  A  union  jet,  consuming  five  cubic 

feet  of  cannel  gas  at  0*5  inch  pressure,  gave  a  light  of  twenty-seven  candles  when 
tested  in  the  ordinary  manner  with  the  flat  side  towards  the  photometer  disc ;  but 

the  edge  gave  only  twenty-three  candles,  and  when  rotated,  so  as  to  give  the  flame 
eveiy  position,  the  average  result  was,  as  nearly  as  possible,  twenty-six  candles, 
showing  that  the  ordinary  test  gave  one  candle  too  much,  or  nearly  four  per  cent. 
In  the  case  of  paraffin  flat-flame  lamps,  the  difference  between  the  front  of  the  flame 
and  the  average  all-round  varies  from  four  to  ten  per  cent.  Li  the  latter  case,  the 
flame  is  intensely  opaque  and  of  a  deep  yellow  colour.  All  the  figures  given  in  the 
teport  refer  to  the  flat  side  of  the  flame,  and  this  must  be  borne  in  mind  in  com- 

paring flat  with  round  flames. 

A  table  giving  the  results  obtained  with  the  cannel  gas  in  Bray's  union-jet 
bnniers,  without  any  means  of  controlling  pressure  in  the  burner  itself,  showed  that 
the  fall  normal  result  of  twenty-six  candles  could  only  be  obtained  from  burners  of 
the  largest  siases,  absolutely  consuming  five  cubic  feet  or  nearly,  and  when  the 

pressure  did  not  exceed  0*5  inch.  At  higher  pressures,  these  large  burners  began  to 
blow.  The  small  burners,  consuming  from  a  little  over  one  foot  to  a  little  over  four 

feet  per  hour,  ranged  from  8*5  candles  to  23*9  candles  at  0*5  inch  pressure;  from 
7'6  to  32*46  at  one  inch  j  and  from  6*8  to  19*73  at  1*5  incL  At  the  last-named 
pressure,  the  three  largest  burners  were  disabled  by  blowing.  The  reporters  believe 
that  the  effects  of  pressure  would  have  been  still  more  remarkable  if  the  gas  had 

been  tested  at  lower  pressures  than  0*5  inch  and  at  higher  pressures  than  1*5. 
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Ab  in  practice  it  is  found  impossible  to  distribute  gas  at  a  pressure  of  less  dun 
1  *2  or  1  '5  of  an  inch  of  water,  various  oontrivanoes  for  breaking  the  force  of  tlie 
currant  have  been  invented.  Among  union  jets  of  this  kind,  the  simplest,  periiaps, 
b  that  of  Leoni,  consisting  of  a  brass  and  an  iron  tube  which  fit  into  one  another, 
an<l  between  which  a  thin  film  of  cotton  wool  is  placed.  This  is  a  verj  good 

b*i.ner,  but  it  cannot  be  depended  upon  for  delivering  exact  quantities  of  gas.  Bray 
has  constructed  a  very  good  burner  similar  to  those  alreadj  mentioned,  but  having 
a  double  ply  of  cotton  cloth  stretched  across  a  metal  ring  placed  in  the  tube,  in  order 
to  reduce  the  pressure.  The  same  manufacturer  has  more  recently  invented  another 
burner,  in  which  the  reduction  of  pressure  is  attained  by  passing  the  gas  through 
an  orifice  in  a  porcelain  plate  oemented  into  the  lower  part  of  the  burner.  He  calls 

these  **  Special  "  burners,  and  they  are  of  two  kinds,  one  intended  for  general  use  and 
the  other  for  street  lamps,  in  which  the  orifices  are  somewhat  smaller,  and  in  which, 

consequently,  the  pressure  is  further  reduced.  Morley's  patent  burner  is  of  brass 
and  vase-shaped,  with  a  porcelain  top,  and  at  the  bottom  one  or  two  small  orifices 

for  admitting  the  gas.  Williamson's  jet  is  similar  in  principle,  but  more  complicated 
in  construction.  Da  Costa's  burner  consists  of  a  hollow  vase  stufied  with  iron 
turnings,  into  which  an  oixiinary  iron  union  jet  is  screwed.  There  are  others,  but 
all  have  the  same  object  in  view ;  and  the  simpler  and  cheaper  burners,  such  as 

Bray's,  accomplish  it  as  successfully  as  those  of  more  complicated  construction,  and 
these  have,  therefore,  been  selected  for  a  series  of  comparative  trials,  all  being 

made  with  26-candle  gas.  Some  of  the  burners  referred  to  are  called  regulators, 
but  this  is  a  mere  name,  for  it  is  obvious  that  they  merely  obstruct  the  flow  of  gas, 

the  quantity  delivered  rising  as  the  pressure  is  increased.  In  Bray's  ''Special" 
bumeit^  the  two  holes  forming  the  "  union"  jet  are  placed  at  an  angle  of  about  120 
degrees. 

A  table  of  the  results  obtained  by  trials  of  the  different  sizes  of  Bray's 
regulator  jets  for  cannel  gas,  under  the  same  three  pressures  as  before,  shows  illu- 

mination varying  from  8  to  26*4  candles.  The  best  result  is  obtained  with  a 
large  burner,  consuming  3 '8  cubic  feet  per  hour,  at  the  lowest  pressure ;  the  worst 
with  a  small  burner,  consuming  2  cubic  feet  per  hour,  at  the  highest  pressure. 

With  both  series  of  the  *'  Special "  burners,  in  which  the  pressure  is  much  reduced 
by  the  internal  arrangements,  the  best  results  were  obtained  at  1  inch,  while  at 

0'5  inch  the  flames  were  sluggish,  and  in  some  instances  showed  a  tendency  to 
smoke. 

A  flame  formed  by  a  jet  of  gas  issuing  with  considerable  velocity  (XMsesses  a 
certain  degree  of  stifihess,  and  resists,  to  some  extent,  the  influence  of  currents  of 
air.  This  is  particularly  necessary  in  the  case  of  cannel  gas,  sinoe,  whenever 
the  flame  is  much  deflected  by  air  currents,  a  portion  of  the  carbon  arising  from  the 

heating  of  the  richer  hydro-carbons,  e,g,,  olifines,  benzole,  <kc,  passes  off  uncon- 
sumed,  and  a  smoky  flame  is  the  result.  In  practice,  it  is  necessaiy  to  sacrifice  a 
certain  proportion  of  the  possible  illuminating  value  in  order  to  give  the  flame 
suflicient  stiffness  to  resist  currents  of  air. 

Next  to  the  union  jet,  the  batwing  is  that  most  commonly  used  for  burning  gas. 
It  is  simply  a  little  tube  closed  at  one  end,  in  which  a  slit  is  cut,  varying  in  breadth 
from  about  two-tenths  of  a  millimetre  to  one.  millimetre.  It  is  made  of  cast  iron, 

brass,  porcelain,  or  steatite,  the  best  form  being  that  having  a  brass  body  and  a 
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steatite  top.  The  flame  of  the  batwing  is  wider  and  shorter  than  that  of  the 
union  jet,  and  in  order  to  be  equally  effective  requires  to  be  burnt  at  lower  pressures. 

It  is  particularly  adapted  for  large  flames  burning  from  3*5  to  5  cubic  feet  per 
hour.  With  rich  cannel  gas,  twenty-five  to  thirty  candles,  it  gives  results  at  least 
equal  to  the  union  jet^  and  with  gas  of  eighteen  to  twenty-two  candles  it  is  decidedly 
superior. 

A  series  of  five  steatite  batwing  burners,  manufactured  in  Germany,  and  con- 

suming from  I'l  to  405  cubic  feet  per  hour,  were  tested  under  the  three  pressures 
used  in  the  previous  experiments,  namely,  at  0*5,  1  '0,  and  1  '5  inch.  At  the  lowest 
pressure,  the  illuminating  power  ranged  from  19*27  candles  for  the  smallest  of  the 
series  to  23*57  for  the  largest ;  at  the  medium  pressure  the  results  were  almost 
the  same,  but  the  largest  burner  was  disabled  by  blowing;  and  at  the  highest 
pressure  the  illumination  of  the  three  smaller  sizes  was  diminished,  and  ihe  two 
laiger  were  both  disabled. 

The  considerable  loss  of  light  experienced  when  gas  is  consumed  in  batwing 
burners  at  any  but  comparatively  low  pressures  has  given  rise  to  many  efforts 
to  combine  with  the  jet  an  apparatus  to  reduce  the  pressure  of  the  gpui  before  it 
issues  from  the  narrow  slit.  Various  burners  having  obstructions  have  been  con- 

structed, of  which  Bronner's  is  one  of  the  best  known.  It  consists  of  a  somewhat 
pear-shaped  brass  body,  with  a  steatite  top  similar  to  those  of  which  the  results 
have  just  been  given,  and  at  the  bottom  a  small  piece  of  steatite  in  which  there 
is  an  oblong  slit.  There  are,  for  cannel  gas,  six  sizes  of  bodies,  the  sizes  depending 
upon  the  area  of  the  slits,  and  five  sizes  of  tops ;  and,  as  these  screw  into  one 
another,  there  are  thirty  possible  combinations.  In  none  of  these  combinations 

does  Uie  pressure  of  the  gas  at  the  point  of  ignition  exceed  0*5  of  an  inch  with  an 
initial  pressure  of  1  '5  inch,  while  in  some  it  is  only  0*2,  and  in  some  it  is  so  low 
that  the  flame  smokes  and  is  useless.  The  rate  of  combustion  is  dependent  upon 

three  conditions — ^first,  the  area  of  the  opening  at  the  bottom  ;  second,  tlie  area  of 
the  slit  of  the  burner ;  and  third,  the  initial  pressure  of  the  gas.  The  range  of 
combinations  renders  it  possible  to  select  a  burner  to  suit  almost  any  description  of 
gas  or  any  standard  of  pressure,  but  the  burners  are  not  adapted  for  lower  pressures 
than  one  inch.  For  common  gas,  ie.,  of  fourteen  to  sixteen  candles,  a  different 
series  of  tope  is  provided,  in  which  the  areas  are  considerably  greater  than  those 

made  for  cannel  gas,  and  in  which  the  pressure  is  reduced  from  0*1  to  0*3  of  an 
inch.  These  burners  cannot  be  employed  for  cannel  gas,  although  with  common 
gas  Uiey  are  exceedingly  effective,  and  are  much  in  use,  especially  in  London. 

A  table  in  the  report  shows  the  action  of  each  of  the  thirty  combinations,  at 

initial  pressures  of  1*0  inch  and  of  1*5  inch,  with  the  26-candle  gas.  The  full 
illumination  was  obtained,  or  even  somewhat  exceeded,  at  1  inch  pressure,  with  the 

number  3  burner  and  the  number  4  top,  burning  2*13  cubic  feet  per  hour ;  and  with 
the  number  5  burner  and  the  number  6  top,  burning  4*3  cubic  feet  per  hour;  all 
the  rest  falling  short  of  this  result^  and  ranging  from  19*36  candles  to  25*87.  At 
1*5  inch  initial  pressure,  an  illumination  exceeding  27  candles  was  given  by  three 
combinations,  number  3  burner  with  number  5  top,  and  also  with  number  6  top, 
and  number  3^  burner  with  number  6  top.  An  iUumination  exceeding  26  candles, 

but  less  than  27,  was  given  by  five  combinations ;  and  in  only  thi-ee  out  of  the 
whole  thirty  did  the  illumination  fall  below  20  candles.      These  three  were  number 
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2  burner  with  either  number  2  or  number  3  top,  and  number  5  burner  with  number 

2  topi  Hie  table  shows  that  it  is  easy,  with  properly-adjusted  batwing  boniers,  to 
obtain,  with  a  consumption  of  from  three  to  Bye  cubic  feet  per  hour,  at  least  the  foil 
effect  of  illumination  exhibited  in  Uie  standard  mode  of  testing,  and  that,  evea  with 
a  consumption  of  only  two  cubic  feet^  a  very  fiavourable  result  may  be  obtained.  In 

no  case  is  the  loss  of  light  with  batwing  burners  so  great  as  with  badly-arraoged 
union  jets. 

Many  other  descriptions  of  improved  batwings  have  been  constructed,  some  of 

which  have  been  tested.  The  '*Clegg"  batwing,  manuiactured  by  Sugg,  has  a 
steatite  top  and  a  conical  brass  body  closed  at  the  bottom,  and  with  a  slit  cat  in  it 
with  a  fine  saw.  The  respective  sLses  of  the  slits  above  and  below  determine  the 

consumption  of  gas,  and  the  pressure  at  the  point  of  ignition.  In  Bilber's  batwing 
made  by  ihe  SUber  Light  Company,  one  burner  is  placed  above  another,  both  being 
of  steatite,  the  slit  of  the  lower  one  being  much  smaller  than  that  of  the  upper,  and 
connected  by  a  vase  of  brass.  Only  the  three  smallest  sizes  of  these  are  suitable 

for  a  rich  cannel  gas,  the  larger  ones  being  intended  for  gas  of  lower  quality.  The 

best  of  four  sizes  of  the  Clegg,  at  0*5  of  initial  pressure,  gave  24*92  candles,  at  10 
inch  pressure  the  best  gave  24*19  candles,  and  at  1*5  inch  the  best  gave  23*72 
candles.  The  best  of  the  three  small  Silbers,  at  the  same  three  pressures,  gave  35  "5 
candles,  26*17  candles,  and  27*2  candles,  thus  surpassing  the  performance  of  the 
Clegg  burners  by  0*62  candles  at  ihe  lower  pressure,  by  1*98  at  the  medium  pres- 

sure, and  by  3*48  at  the  highest  pressure. 
Several  varieties  of  regulating  batwings  have  been  invented  by  Sugg,  Witthoft, 

Winsor,  and  others,  the  principle  of  their  construction  being  to  check  the  flow  of 
gas  by  means  of  a  plug  regulated  by  a  screw.  At  a  given  pressure  in  the  pipes  the 
burner  may  be  regulated  to  deliver  any  desired  quantity  of  gas;  and  in  some 
experiments  with  the  Winsor  and  Sugg  burners  they  were  regulated  so  as  to  bum 
the  number  of  cubic  feet  per  hour  corresponding  with  the  number  marked  on  each 
burner,  and  for  which  it  was  supposed  to  be  specially  adapted.  The  highest  result 

obtained  from  the  Winsor  was  25*2  candles,  the  highest  from  the  Sugg  was  24*88 
candles.     The  former  was  burning  five  feet  per  hour,  the  latter  four. 

Argand  burners  are  exclusively  used  in  the  photometric  testing  of  common  gas^ 
and  they  are  also  employed  rather  extensively  for  lighting  shops  and  public  buildings, 
but  to  a  limited  extent  for  private  houses.  They  give  a  higher  photometric  effect 

with  common  gas  than  any  flat-flame  burner  known ;  and  even  with  cannel  gas,  the 
best  descriptions,  especially  those  of  Sugg  and  Silber,  give  results  which  approach 
very  near  to  those  obtained  when  the  gas  is  tested  at  a  comparatively  low  pressure 
by  large-sized  fishtail  or  batwing  burners. 

The  original  form  of  argand  was  a  brass  double  cylinder,  with,  above,  an  iron 

ring  perforated  with  small  holes,  and,  below,  a  **  crutch,"  or  forked  tube,  by  which 
the  gas  was  introduced  at  opposite  sides.  A  wide  and  short  glass  chimney  was 
used,  but  this  was  afterwards  modified  in  a  variety  of  ways  with  a  view  to  making 
the  current  of  air  impinge  more  directly  upon  the  flame,  and  so  increase  the 
intensity  of  combustion.  The  holes  being  small,  the  gas  escaped  at  comparatively 
high  pressure;  and  the  character  of  the  flame,  both  as  to  volume,  shape,  and 
luminosity,  depended  partly  upon  the  initial  velocity  with  which  the  gas  escaped 
^roui  the  burner,  and  i)artly  upon  the  shape  and  dimensions  of  the  funnel    The 
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enlargement  of  the  holes,  allowing  the  gas  to  escape  at  a  moderate  pressure,  was 
proposed  by  the  late  Dr.  Letheby,  who  was  afterwards  associated  with  Mr.  Sugg,  by 
whom  many  improvements  in  argand  burners  have  been  introduced.  The  Letheby 
burner  raised  the  ctpparent  quality  of  London  gas  from  12  to  14  candles,  and  a 

further  increase  of  2  candles  was  obtained  by  Sugg's  London  Argand,  now  generally 
accepted  as  the  standard  burner  for  testing  gas  made  from  common  coal.  Li  this 
burner  the  principle  is  recognised  of  permitting  the  gas  to  escape  practically  without 
pressure,  the  shape  and  volume  of  the  flame  being  determined  by  the  narrow  funnel 

and  a  "  cone "  of  thin  metal  which  serves  to  throw  the  current  of  air  into  close 
contact  with  the  outside  of  the  flame.  The  upper  portion  of  the  burner  is  of 
steatite,  and  instead  of  the  ordinary  crutch  below,  the  gas  is  introduced  by  three 
very  narrow  tubes.  A  number  of  sizes  of  this  burner  are  made,  but  the  following 
are  the  various  dimensions  of  the  standard  burner  used  in  photometry :  diameter  of 

steatite  top,  external,  *84  inch ;  internal,  *47  inch ;  number  of  holes,  24 ;  diameter 
of  holes,  '04  inch;  the  chimney  6  by  1*75  inches  for  gas  of  14  candles,  and  6  by  2 
inches  for  gas  of  16  candles.  The  narrow  chimney  and  the  cone  restrict  the  quantity 
of  air  to  veiy  little  more  than  is  required  to  bum  the  gas,  thus  avoiding  the 
diminution  of  light  which  results  from  a  too  rapid  combustion,  and  also  from  the 

cooling  effect  of  a  large  quantity  of  air.  The  pi*essure  of  the  gas  inside  the  steatite 
top  is-  considerably  less  than  O'l  inch,  and  that  required  to  pass  5  feet  per  hour 
through  the  complete  burner  is  0*2  inch. 

In  the  burner  introduced  by  Mr.  A.  M.  Silber  the  steatite  top  with  wide  holes, 

about  1  millimetre  or  0*04  inch,  is  also  adopted,  but  the  body  of  the  burner  is 

considerably  prolonged,  and  the  so-called  "cone"  is  long  and  cylindrical,  with 
a  curved  top.  A  very  essential  feature  in  the  Silber  argand  is  an  air-tube  intro- 

duced into]  the  centre  of  the  jet,  which  is  said  to  carry  a  portion  of  the  air  to  the 
upper  part  of  the  flame,  and  which  certainly  has  a  remarkable  eflect  in  steadying  it. 

The  chimney  is  7  or  8  by  1*75  inches,  and,  in  consequence  of  the  form  of  the 
^^cone,''  is  kept  so  cool  at  the  bottom  that  it  may  be  handled  without  difficulty 
while  the  flame  is  burning.  Funnels  of  10  inches  high  are  also  used,  but  while  the 

consumption  of  gas  is  thereby  increased,  the  illuminating  pbwer  per  cubic  foot  of 
gas  remains  almost  constant.  Mr.  Silber  has  recently  discovered  the  remarkable 
fact  that  a  globe  or  vase,  placed  below  his  argand,  increases  the  illuminating  power 
considerably  ;  and  his  statement  has  been  verified  both  as  to  common  and  to  cannel 
gas,  the  increase  with  the  former  being  about  one  candle,  with  the  latter  about 
»  candle  and  a  half.  The  eflect  of  placing  a  vase  below  an  ordinary  union  jet  was 
also  tried,  but  no  increase  of  light  was  obtamed,  while  the  flame  showed  a  distinct 

tendency  to  ''  blow."  That  the  flame  of  the  argand  should  have  its  illuminating 
power  increased  6  per  cent  by  passing  the  gas  through  a  glass  vase,  or  cylindrical 
metal  box,  which  answers  the  purpose  equally  well,  is  a  phenomenon  which  appears 

to  be  at  present  incapable  of  explanation. 
Photometric  tests  were  applied  to  nine  varieties  of  argand  with  cannel  gas  of 

26'Candle  power.  From  3  to  4  cubic  feet  of  gas  per  hour  wei'e  burned  in  each  case, 
and  the  results  calculated  to  the  usual  standard  of  5  feet  The'  worst  performance 
was  that  of  a  German  porcelain  argand,  with  cone  and  40  small  holes,  which  gave 

only  17*80  candles.  Excepting  the  Silber  burners,  the  best  was  Sugg's  London 
argand,  with  24  holes,  cone,  and  regulator,  which  gave  22*40  candle&     The  Silber 
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burners  came  next,  each  fitted  with  steatite  top,  cone,  and  central  tube.  Thst  with 

40  holes  was  only  a  fraction  better  than  the  London  argand,  giving  22*54  candles. 
The  32  hole  burner  gave  2308  candles,  the  24  hole  gave  24*04,  and  the  latter,  wiili 
glasH  vase  beneath,  gave  25*61,  thus  surpassing  the  London  argand  by  3*21  candles, 
and  afibrding  nearly  the  full  amount  of  light  which  the  gas  was  capable  of  giving. 
In  another  series  of  trials,  the  Silber  aigand  was  again  a  little  in  advance  of  the 

best  Sugg,  and  1*5  candle  in  advance  of  that  which  had  the  same  consumptaon. 
It  must  be  remembered  that  none  of  these  burners  were  constructed  for  cannel,  but 
all  for  common  gas;  although  the  performance  of  the  Silber  burner  shows  that 
it  is  well  adapted  for  the  former  also. 

Experiments  were  made  to  ascertain  the  loss  of  light  resulting  £rom  the  use  of 
globes  of  different  kinds  and  of  various  shapes.  The  loss  is  always  considerable,  and 
in  many  cases  excessive,  and  it  results  partly  from  the  absorption  of  light  firom  the 
material  of  the  globe  and  partly  from  the  draught  caused  by  the  ascension  of  the 
heated  air  in  the  confined  space.  As  regards  material,  a  piece,  of  clear  windov 
glass  held  in  front  of  a  gas  flame  diminishes  the  light  to  the  extent  of  about  10  per 
cent. ;  but  in  the  case  of  a  clear  globe  the  loss  is  in  some  cases  lees,  owing  to  the 
reflection  from  the  surface  farthest  from  the  photometer.  Globes  frosted  or  ground 

all  over,  technically  known  as  **  moons,"  absorb  about  25  per  cent  of  the  light 
when  well  sha|)ed,  and  opal,  or  **  cornelian,"  globes  40  to  50  per  cent^,  according  to 
the  thickness  and  quality  of  the  glasa  The  following  results  were  obtained  with 
globes  of  different  sizes  ground  all  over,  and  show  the  effect  of  increased  draught  in 

diminishing  the  light : — 

A  6-inch    f^lnho  caused  a  loss  of  25  per  cent. 
A   7-6-inoh     ,.  .,  27*6 
A   lO-inch       „  „  „  38 

All  these  globes  had  the  usual  sized  opening  below,  about  1*75  inch  in  diameter. 
Experiments  were  made  with  clear  7 '5-inch  globes,  having  openings  below  var}dDg 

from  2|  inches  to  1  inch  in  diameter.     The  source  of  light  was  a  Bronner  batwing. 

No.  5  top,  Na  4  bottom,  burning  under  a  pressure  of  1  inch  3*35  cubic  feet  of  gas. 
The  naked  flame  gave  a  light  of    16*8   candles,  and   it  was  then   tested   behind 
a  succession  of  clear  globes,  differing  only  in  the  diameter  of  the  lower  opening. 

With  an  opening  of    2*375   inches,  the  light  was   15*4  candles,  or  a  loss  of  8*3 
jjer  cent  ;  with  2*25  inches,  it  was  15*2  candles,  or  a  loss  of  9*5  per  cent.  ;  with 
2  inches,  13*6  candles,  or  19  per  cent. ;  with  1*5  inch,  13  candles,  or  22*6  per  cent : 
and  with  1  inch,  12  candles,  or  28*6  per  cent     With  the  two  larger  sized  openings 
tlie  flame  was  perfectly  steady,  wiih.  the  2-inch  opening  there  was  a  slight  flicker 

caused  by  the  draught ;  this  was  more  marked  with  the  1  *5-inch  opening,  TnRJring 
the  flame  practically  useless  as  a  source  of  light.     It  is  evident,  therefoi'e,  that  the 

openings  of  the  globes  should  be  as  wide  as  possible,  and  not  less  than  2*5  inches. 

The  cornelian  globes  used  in  Bronner's  system  of  gas-lighting  have  an   opening 
of  2*375  inches  in  diameter;  and  Sugg  has  introduced  globes  of  similar  materiaJ, 
which  he  calls  albatrine,  but  with  openings  of  4*125  inches  in  diameter.      Tb 
globes  are   constructed   of   various  sizes  to   suit  certain   burners,   both    batwi 

and  argand,  and  the  combinations  are  known  by  certain  names,  as  the    **W 
minster,"    "  Viennese,"    "  Frankfort,"    **  Ttalienne,"    "  Parisienne,"    &c.       Some 
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these  arrangements  are  fitted  with  argands,  and  some  with  batwings,  and  some  have 
attached  to  them  regulators  with  the  intention  of  maintaining  a  constant  pressure. 

One  of  the  difficulties  connected  with  gas  illumination  is  that  the  pressure  in 
the  mains  varies  considerably  in  different  parts  of  a  town,  and  at  different  hours  of 
the  day  and  night.  One  result  is  that  a  system  of  lighting  adapted  for  a  part  of  a 
town  situated  at  a  low  level  will  show  inferior  results  in  a  more  elevated  situation. 

A  rise  of  10  feet  gives,  roughly,  a  tenth  of  an  inch  of  increase  of  pressure,  so  that  it 
may  easily  happen  that  in  the  same  town  or  city  the  pressure  in  one  place  may  be  one 

inch,  while  in  another  it  may  be  2 '5  inche&  Again,  the  pressure  of  the  gas,  as 
sent  out  from  the  gasworks,  is  altered  from  time  to  time  in  accordance  with  the 
consumption;  and  as  public  works,  shops,  <fec,  are  suddenly  lit  up  or  extinguished 
at  certain  hours,  private  consumers  are  annoyed  in  the  one  case  by  a  sudden 

falling-off  in  the  amount  of  light,  and  in  the  other  by  a  flaring  flame  and  hissing 
sound,  both  of  which  are  very  irritating.  The  cure  for  these  evils  is  found  in  the 
use  of  governors  or  regulators.  Eveiy  district  of  a  town,  the  elevation  of  which 
is  such  as  to  affect  appreciably  the  pressure  of  the  gas,  should  have  a  governor, 

which  may  either  be  self-acting,  to  maintain  a  constant  pressure  throughout  the 
day,  or  to  vary  sympathetically  with  the  governor  at  the  gasworks.  Many  of 
these  have  been  invented,  among  which  may  be  mentioned  those  of  Cathels,  Peebles, 

and  Foulia  The  pressure  in  the  mains  should  not  be  reduced  below  1  *2  or  1 4  of 
an  inch,  but,  inasmuch  as  anything  more  than  that  is  too  high  a  pressure  for  the 
economical  burning  of  gas,  each  house  should  have  a  regulator  in  order  to  reduce 

the  pressore  constantly  to  about  0*7  or  0*8.  Some  of  these  regulators  are  dependent 
on  the  action  of  the  gas  upon  a  broad  leather  disc,  attached  to  which  is  a  ball  and 
socket  valve,  while  others  have  metal  or  glass  bells  floating  in  mercury,  and  acting 
upon  a  valve  of  the  same  kind.  Both  of  these  work  satisfactorily.  Among  the 

\)est  dry  regulators  are  those  of  Sugg  of  London,  and  Peebles  of  Edinburgh,  while 
probably  the  best  mercurial  r^ulator  is  that  of  Busch  of  OldhauL  In  the  case  of 
public  works  and  other  buildings  consisting  of  several  floors,  a  regulator  should  be 
placed  in  each  floor,  and  one  should  be  placed  on  each  street  lamp,  for  which  a 

special  form  is  constructed.  The  best  street-lamp  regulators  made  in  this  country 
are  those  of  Peebles  and  Sugg,  but  a  very  admirable  little  instrument  called  a 
liieometer  is  extensively  used  in  Paris,  and  has  been  tried  with  tolerably  successful 
results  in  several  of  our  own  cities.  It  is  the  invention  of  M.  Giraud  of  Paris,  and 

it  differs  from  the  regulators  which  maintain  a  constant  pressure  in  delivering  a 

constant  volume  of  gas,  with  any  size  of-  burner,  and  under  any  pressure,  provided 
that  this  is  not  less  than  0*7  or  0*8,  and  that  the  burner  is  sufficiently  large  to  pass 

the  requisite  quantity.  The  recently-invented  "  Needle "  governor  of  Peebles  is 
similar  in  principle,  and  maintains  a  given  volume  of  gas  with  remarkable  con- 
stancy. 

Hie  second  part  of  the  report,  which  was  presented  at  the  meeting  of  the 
Ai»ociation  at  Swansea,  deals  with  the  burning  of  what  is  known  as  common  gas, 
or  gas  made  from  the  common  bituminous  coal  of  the  Newcastle  and  other  coal- 

fields, or  from  this  class  of  coal  mixed  with  a  small  quantity  of  cannel  coal,  and 

having  an  illuminating  power  equal*  to  sixteen  standard  sperm  candles  when  con- 
sumed at  the  rate  of  five  cubic  feet  |ier  hour  in  Sugg's  No.  1  London  Argand 

burner,  the  standard  burner  adopted  in  London  by  the  London  gas  referees,  and 
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prescribed  in  nearly  all  the  recent  Acta  of  Parliament  of  gas  companies.  This 
quality  of  gas,  or  gas  vaiying  from  fourteen  to  sixteen  candles  illuminating  power, 
is  chiefly  used  in  London,  and  in  most  towns  in  England  and  Ireland. 

Tlie  principal  condition  to  be  obaenredy  in  order  to  develop  the  maximum  amount 
of  light  from  coal  gas,  is  to  supply  the  flame  in  a  suitable  manner  with  just  a 
sufficient  amount  of  air  to  effect  the  complete  combustion  of  the  gas.     If  coal  gas 

is  lighted  as  it  issues  under  a  low  pressure  from  the  end  of  a  gas-pipe  from  which 
the  burner  has  been  removed,  it  bums  with  a  long  irr^ular-shaped  flame,  giving 
off  much  smoke,  and  yielding  a  dull  yellowish  light  of  very  little  intensity.    The 
gas  has  to  ascend  to  a  considerable  height  before  it  meets  with  sufficient  air  to 
consume  it  completely,  and  the  upward  currents  created  by  the  heat  waft  the 
languid  flame  about  in  all  directions,  and  cause  it  to  give  off  smoky  particles.    On 
the  other  hand,  if  the  gas  is  forced  under  considerable  pressure  through  a  very 
small  orifice  or  veiy  narrow  slit^  it  bums  with  a  thin  bluish  flame,  without  visible 
smoke,  and  yielding  very  little  light     The  small  rapid  stream  of  gas,  by  virtue  of 
the  iovce  with  which  it  issues,  becomes  mixed  all  at  once  with  such  an  excessive 

amount  of  air  that  the  carbonaceous  constituents  of   the  gas,  instead  of  being 
partially  separated  and  made  incandescent^  are  converted  at  once  into  carbonic  acid 
in  a  flame  having  little  or  no  luminosity,  just  as  when  gas  is  burned  in  a  Bunsen 

burner.     These  illustrate  two  cases  in  which  air  is  supplied  to  a  flame  in  an  un- 
suitable manner,  one  in  which  air  is  supplied  too  slowly,  and  the  other  in  which  it 

is  too  rapidly  mixed  with  the  ga&     As  in  flat-flame  burners  the  air-supply  is  chiefly 
regulated  by  means  of  the  pressure  under  which  the  gas  is  allowed  to  issue,  it  is 

necessary  to  avoid  these  two  extremes  in  order  to  develop  the  light-giving  properties 
of  the  gas.     The  dimensions  of  the  orifice  Uirough  which  tlie  gas  issues  from  such 
burners,  and  the  velocity  with  which  it  issues,  should  be  so  adapted  to  each  other 
that  the  gas  in  burning  is  brought  into  contact  with  the  air  in  such  a  manner  that 
the  heat  developed  from  a  portion  of  the  burning  gas  raises  the  remainder  to  a  high 
state  of  incandescence  before  it  is  ultimately  entirely  oxidised.     The  quality  of  a 
flat-flame  burner  depends  almost  entirely  upon  the  extent  to  which  this  condition  is 
fulfilled.     In  argand  burners,  or  at  any  rate  in  those  of  the  best  construction,  the 
due  supply  of  air  is  admitted  to  the  interior  and  exterior  of  the  cylinder  of  flame, 
and  regulated  by  means  of  the  chimney  and  cone,  the  gas  being  allowed  to  issue 
from  the  burner  under  little  or  no  pressure.     A  more  complete  control  is  thus 

obtained  over  the  air-supply  than  is  possible  in  the  case  of  flat-flame  burners,  and 
it  is  probably  on  this  account  that  more  light  can  be  developed  from  common  gas 
when  burned  in  good  argand  bumers  than  when  bumed  in  ordinary  quantities 
in  flat-flame  burners. 

The  effect  of  the  pressure  under  which  gas  is  caused  to  issue  upon  the  air-supply, 
and  consequently  the  amount  of  light  emitted,  was  shown  by  the  results  of  a 
series  of  experiments  made  with  union  jet  and  batwing  bumers  having  orifices  of 
various  dimensions,  and  unprovided  with  any  means  of  checking  pressura  The  gas 
was  caused  to  pass  through  them  at  different  pressures  by  means  of  a  weighted  gas- 

holder, and  was  equal  to  sixteen  candles  when  tested  in  the  usual  manner  with  the 
London  argand.  The  union  jets  employed  were  of  three  sizes,  the  smaller  with 

holes  of  0024  inch  in  diameter,  the  medium  with  holes  0*032  inch  in  diameter,  and 
the  largest  with  holes  0'043  inch  in  diameter.    The  tables  of  the  results  are  lengthy. 
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but  it  was  shown  that  the  small  quantity  of  gas  passing  thi'ough  No.  1  jet  became 
so  mixed  with  air  that  even  at  0*5  inch  pressure  the  light  emitted  when  burning 

1*6  cubic  feet  per  hour  was  only  equal  to  one  candle,  or  3*1  candles  when  calculated 
for  5  feet  consumption  of  gas.  When  the  pressure  was  increased  to  1  *5  inches  the 
results  were  still  worse,  for  3*2  cubic  feet  of  gas  per  hour  were  burned  with  the 
production  of  light  equal  to  1*2  candle,  or  only  1*9  candle  per  5  cubic  feet  of 
gas.  With  the  larger-sized  union  jets,  the  results  were  better,  No.  6,  when  con- 

suming 3*8  cubic  feet  of  gas  at  0*5  inch  pressure,  giving  a  light  equal  to  9*6  candles 
per  5  feet  of  gas.  This  amount  of  gas,  3*8  cubic  feet,  when  issuing  under  0*5 
pressure,  is  not  mixed  with  so  much  air  as  the  3*2  cubic  feet  issuing  under  a  pressure 
of  1  *5  inch  from  the  No.  1  burner. 

Four  batwings  were  used  in  the  experiments — No.  2,  with  a  slit  0008  inch  wide ; 

No.  4,  with  a  slit  0*012  inch  wide;  No.  6,  with  a  slit  0*014  inch  wide;  and  a  fourth,  not 
designated  by  a  number,  with  a  slit  0*020  inch  wide.  On  comparing  the  result  of 
burning  6*4  cubic  feet  of  gas,  issuing  from  Na  2  batwing  under  a  pressure  of  1  *5 
inch  with  the  result  of  burning  the  amounts  of  gas  nearest  to  this  amount  in  the 
case  of  each  of  the  other  burners,  it  was  seen  that  the  illuminating  power  increases 

as  the  pressure  I'equired  to  send  the  desired  amount  of  gas  through  the  burner 
decreases,  or,  in  other  words,  the  illuminating  power  is  increased  as  the  gas,  issuing 
with  less  velocity,  is  thus  mixed  or  brought  into  contact  with  less  air. 

It  was  also  observed,  taking  both  series  of  experiments,  that  in  the  case  of  each 
biuner  there  is  a  certain  consumption  and  a  certain  pressure  which  give  the  best 
result,  and  that  at  all  other  consumptions  and  pressures  above  or  below  this  the 
results  are  worse.  No.  6  union  jet,  for  instance,  gave  the  best  result  when 

consuming  3*8  cubic  feet  of  gas  under  0*5  inch  pressure ;  No.  2  batwing  gave 
the  best  result  when  consuming  2*8  cubic  feet  under  0*7  inch  pressure;  No.  6 
batwing  the  best  result  when  consuming  4*7  feet  of  gas  under  0*7  inch  pressure; 
and  the  large  batwing  when  consuming  9*3  cubic  feet,  under  1*2  inch  pressure. 
There  is,  therefore,  a  limit  to  the  increase  of  the  illuminating  power  by  reduction  of 

pr^sure,  and  this  limit'  is  reached  when  the  flame  ceases  to  have  a  somewhat  definite 
form,  and  bums  in  a  languid,  waving  manner,  showing  very  low  intensity  of 
combustion,  and  having  a  tendency  to  smoke.  In  such  cases  the  air  is  not  supplied 
sufficiently  for  vigorous  and  intense  combustion.  This  condition  is  especially 

illustrated  in  the  case  of  the  batwing  bumei*s.  With  each  of  these,  the 
gas  issuing  under  the  lowest  pressures  used  produced  less  light  than  when  higher 
pressures  were  used.  Thus,  for  instance,  No.  6  burner  gave  a  light  equal  to 

only  9 '3  candles  per  5  cubic  feet  when  the  gas  issued  under  a  pressure  of  0*3  inch, 
and  this  was  increased  to  13*5  candles  per  5  cubic  feet  when  the  pressure  was 

increased  to  0*7  incL  Again,  with  the  large  batwing  having  a  slit  0*020  inch  wide, 
the  gas  issuing  at  a  pressure  of  0*4  inch  gave  light  equal  to  14*2  candles  per 

5  cubic  feet ;  whilst  under  a  pressure  of  1*2  inch  the  gas  gave  a  light  equal  to  16  "6 
candles  per  5  cubic  feet ;  a  result  even  better  than  that  of  the  standard  burner. 

Another  point  noticed  in  the  experiments  was,  that  as  larger  burners  are  used, 

and  larger  quantities  of  gas  burned,  the  illuminating  power  per  5  cubic  feet 

increases.  Although  the  chief  cause  of  this  improvement  is  the  better  apportion- 
ment of  the  gas-sapply  to  the  air  as  regulated  by  precnure,  yet  the  increased  volume 

d  flame,  causing  greater  intensity  of  combustion,  and  preventing  the  cooling  of  the 
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flame  by  the  surrounding  atmosphere,  is  doubtless  another  cause  which  contributes 
to  the  production  of  the  improved  result 

It  has  often  been  asserted  that  if  gas  be  heated  before  it  is  burned  the 
illuminating  power  is  improved,  and  some  experiments  made  in  the  laboratory  of  the 

University  of  Munich  appeared  to  show  that  an  increase  of  18  per  cent  in  the  illu- 
minating power  was  produced  by  heating  the  gas  from  64.5  degrees  to  288  degrees 

Fahranheit  The  London  gas  referees,  in  an  able  report  on  the  construction  of  gas 
burners,  issued  in  1871,  repeated  this  experiment,  and  found  no  appreciable  difference 
in  the  illuminating  power  of  gas  on  heating  it  before  burning  from  abont  69  degrees 
to  296  degrees  Fahrenheit  One  of  the  reporters  has  recently  tried  the  same 
experiment  Tho  gas  was  caused  to  pass  through  about  six  feet  of  copper  tubing, 
heated  to  dull  redness,  and  by  this  means  it  was  heated  from  58  degrees  up  to  350 
degrees,  as  indicated  by  a  thermometer  placed  in  the  current  of  gas  within  six 
inches  of  the  burner.  It  was  found  necessary  to  open  wider  the  tap  of  the  meter 
as  the  temperature  rose,  in  order  to  pass  exactly  the  required  quantity  of  5  cubic 
feet  per  hour,  the  heated  and  expanded  gas  requiring  more  time  to  pass  through 
the  burner  than  the  same  quantity  of  cold  gas.  Careful  observations  were  made  of 
the  illuminating  power  as  the  temperature  rose.  The  result  was  that  no  appreciable 
difference  could  be  seen  in  the  illuminating  power  even  at  the  highest  temperature 
reached,  350  degrees  of  Fahrenheit,  thus  confirming  the  results  obtained  by  the 
London  gas  referees.  As  the  temperature  of  combustion  would  be  increased  by 
heating  the  gas,  and  consequently  a  higher  degree  of  incandescence  produced,  some 

inci*ease  of  the  illuminating  power  might  be  expected,  but  the  increase  of  temperature 
tried  (and  it  is  very  difficult  to  heat  the  gas  even  so  high  as  350  degrees)  is  evidently 

too  insignificant  to  produce  any  appreciable  increase  in  the  illuminating  power.* 
An  experiment  to  try  the  effect  of  heating  the  air  supplied  to  the  burner 

was  more  successful.  The  air  was  supplied  from  a  holder  under  pressure.  It 
was  passed  through  a  heated  copper  tube,  and  thence  into  the  bottom  of  the 
standard  argand  burner,  which  was  closed,  excepting  to  the  admission  of  the  heated 
air.  A  thermometer  was  fixed  in  the  current  of  air  about  six  inches  from  the 

burner.  There  was  no  difficulty  in  heating  the  air  to  a  temperature  of  520 
degrees  Fahrenheit.  At  thin  heat  the  soldering  of  the  apparatus  gave  way,  so  that 
no  higher  temperature  was  tried.  The  temperature  of  the  unheated  air  was  70 
degrees,  and  the  gas  used,  when  supplied  with  air  of  this  temperature,  gave  a  light 
equal  to  1 6  candles  j)er  5  cubic  feet  per  hour.  As  the  temperature  of  the  air  vas 
increased,  the  illuminating  power  gradually  rose,  until  at  520  degrees  a  light  equal 

to  17*5  candles  was  produced,  being  a  rise  of  a  candle  and  a  half,  or  about  9  per 
cent,  for  an  increase  of  450  degrees  in  the  temperature  of  the  air-supply.  As  the 
amount  of  heat  supplied  by  the  heated  air  brought  into  contact  with  the  gas  and  the 
flame  is  considerable,  an  appreciable  effect  is  produced  on  the  temperature  of  the 
flame,  and  consequently  on  its  illuminating  power.  It  would  appear,  however,  that 

the  principle  of  heating  the  airnsupply  is  not  likely  to  be  adopted -for  general 
lighting  pur|)08es,  for  the  additional  light  which  any  practical  amount  of  heating 
would  obtain  would  probably  not  afford  compensation  for  the  cost  and  trouble 

attending  the  use  of  the  required  apparatua' 

*  This  oondusioii  appears  lotnewhat  modified  by  the  more  recent  experiments  of  Messrs.  StemeoSi 
the  results  of  which  are  described  in  the  next  chapter. 
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A  number  of  bumera  of  variotu  kinds,  now  supplied  to  the  public,  were  tested 
ixrith  oommon  coal  gas,  having  an  illuminating  power  equal  to  16  sperm  candles,  in 
the  ordinary  way;  and,  for  convenience  of  comparison,  the  results  obtained 
were  calculated  into  the  amount  t>f  light  for  a  consumption  of  5  cubic  feet  per 
hour  in  each  case. 

Messra  Bray  &  Co.  manufacture  a  great  variety  of  flat-flame  burners.  Their 
re^ralator  burner  checks  the  pressure  of  gas  in  the  mains  by  means  of  layers  of 

muslin  inserted  in  the  burner.  Their  *^  special  "  burner,  in  addition  to  the  layers  of 
muslin,  has  also  a  piece  of  a  kind  of  porcelain,  containing  a  round  hole  of  less  area 
that  the  eldt  orifices,  placed  below  the  muslin,  through  which  the  gas  passes  into 

the  burner.  These  "  regulator  "  and  **  special  "  burners  are  made  in  three  different 
forms — union  jets,  batwing,  and  a  modification  of  the  batwing  called  a  slit-union. 
The  latter,  owing  to  a  peculiar  chambering  out  of  the  head  of  the  burner,  forms  a 
narrower  and  higher  flame  than  the  ordinary  batwing,  and  is  therefore  better 
adapted  for  use  in  globes.  This  form  of  batwing  is  also  made  by  various  other 
makers.  Besides  the  burners  already  mentioned,  Messra  Bray  make  each  form 

of  burner  of  high  lighting-power  and  of  medium  lighting-power,  and  they  recom- 
mend the  medium  lighting-power  burner  in  preference  to  the  others  for  general  use, 

as  having  less  tendency  to  smoke. 
The  tables  in  which  the  results  are  conveyed  are  too  lengthy  for  quotation, 

but  the  most  important  of  the  facts  stated  may  be  briefly  summarised.  The  burners 

selected  were  the  '*  medium  lighting-power  regulator  union  jets,''  the  medium  ̂ 'special 
union  jeta^"  the  medium  ''special  slit-unions,"  the  ''high  lighting-power  special 
union  jets,"  the  "  high  lighting-power  special  slit-unions,"  and  the  "  high  lighting- 
power  special  batwings."  Bray's  street  and  market  burners  were  abo  tested,  but 
these  have  no  bearing  upon  the  object  of  this  treatise. 

The  reporters  point  out  that  some  of  the  union-jet  burners  of  the  smaller  sizes 
give  very  poor  results  with  common  gas ;  and  the  tables  show  that^  with  the  medium 
power  r^ulator  unions,  Na  6  has  to  be  reached  before,  at  the  most  advantageous 

pressure,  a  light  of  10*4  candles  is  obtained.  With  the  mediimi  power  "special  " 
union-jets,  No.  5  is  about  equally  good ;  and  with  the  medium  power  "  special " 
alit-unions  the  same  illumination  is  given  by  No.  1,  rising  to  15*3  candles  in  the  case 
of  Na  9,  by  which,  however,  in  order  to  attain  this  result,  the  absolute  consumption 

of  gas  is  7*6  feet  per  hour.  The  high  lighting-power  "  special"  union  jets  do  not 
differ  materially  from  the  last  named,  but  such  difference  as  exists  is  slightly 

in  their  favour.  The  high  lighting-power  ''special  slit-unions"  range,  from  12 
candles  for  No.  4,  consuming  3*2  feet  of  gas  at  0*5  inch  pressure,  to  the  full 
16  candles  for  Na  9,  consuming  10 '8  feet  at  1*5  inch  pressure.  The  performance 

of  the  "  special "  batwing  is  very  close  to  this ;  and  generally  it  may  be  said 
that  the  larger  burners  are  superior  to  the  smaller  ones  of  the  series,  and  that  nearly 
all  of  them  give  the  best  results  when  consuming  from  5  feet  of  gas  per  hour 
upwards  to  10  feet  or  more.  They  do  not  appear  to  meet  the  requirements  of  the 
amall  consumer,  however  well  adapted  for  lighting  up  large  rooms  or  manufactories. 

The  Silber  Light  Company  make  flat-flame  burners  in  three  forms — single, 
doable,  and  triple  batwings.  A  wedge-shaped  piece  of  brass  is  inserted  between 
the  heads  of  the  two  latter,  for  the  purpose  of  directing  air-currents  to  the  flame. 

The  body  of  the  burner  in  each  case  is  large  and  vase-shaped. 
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Of  these  bumeni  it  may  be  said,  generally,  that  they  give  indifferent  resolts  at 

low  pressure,  0'5  of  an  inch,  good  results  with  a  pressure  of  1  inch,  and  excellent 
results  with  a  pressure  of  1*5  inch.  The  double  burners  give  smoky,  sluggish 
flames  at  0*5  inch,  and  the  triple  ones  even  at  1  inch.  At  the  high  pressure, 
however,  all  the  triple  burners  give  more  than  16  candles,  and  are  very  powerful 

illuminants.  For  absolute  consumptions  of  11,  11*5,  and  13-1  feet,  they  give 
36*2,  38,  and  43*5  candles  respectively,  and  thus  seem  to  produce  more  light 
from  the  gas  than  any  of  the  other  forms  which  have  been  examined. 

Sugg's  ̂ table-top"  burner,  already  described,  is  fitted  with  an  independent 
governor  as  part  of  its  construction,  and  one  of  these  burners,  with  a  pressure  in 

the  mains  of  2  inches,  consuming  12*3  feet  of  gas  per  hour,  gave  the  light  of  41  *B 
candles,  or  17  candles  when  reduced  to  the  5-foot  standard.  Another  of  the  same 
kind,  under  the  same  pressure,  gave  only  15  candles,  so  that,  in  all  probability, 
slight  differences  in  the  contained  governor  may  be  sufficient  to  confer  upon  each 
burner  an  individual  character  and  capacity  of  its  own. 

A  variety  of  forms  of  Bronner's  burners,  already  described  under  the  cannel 
gas  part  of  the  report,  were  tested  also  for  common  gas,  but  did  not  appear  to  offer 

any  particular  advantages.  They  are  of  two  kinds — ^the  A-top  burners,  intended 
for  use  in  globes  with  common  gas ;  and  the  B-top  burners,  intended  for  use  without 

globes.  The  best  performance  of  the  former  did  not  exceed  13*7  candles,  while  that 
of  the  latter  reached  15*7  candles. 

Harrison's  "  Gas-light  Improver  "  ia  a  device  similar  to  that  of  Scholl  applied 
to  union  jets.  It  consists  of  a  small  plate  of  thin  iron  plaoed  across  the  top  of  the 
union  jet  burner,  against  which  the  jets  of  gas  impinge,  thereby  checking  the  force 

with  which  they  mingle  with  the  air.  When  tiie  "improver"  is  applied  to  a 
burner  with  small  holes,  and  when  the  gas  issues  under  considerable  pressure,  the 

light  results  are  better  than  when  no  "  improver  "  is  applied,  but  it  produces  no 
improvement  if  applied  to  a  good  burner  of  the  same  kind  in  which  the  pressure 
has  been  already  checked. 

Of  argand  burners,  those  manufactured  by  Silber  and  Sugg  were  tested,  each 
one  with  the  consumption  of  gas  for  which  it  is  best  fitted,  that  is,  with  the  largest 
quantity  which  it  will  bum  without  smoking.  By  carefully  controlling  and  directing 

the  air-supply,  as  in  these  burners,  much  better  results  can  be  obtained  than  with 
the  standard  argand  used  in  testing. 

The  Silber  argand  tried  was  one  marked  b.  It  was  used  with  chimneys  of 
different  heights,  by  means  of  whidi  various  quantities  of  gas  could  be  consum&i. 

With  a  5-inch  chimney,  the  consumption  was  4*3  cubic  feet,  the  total  illuminatian 
14*1  candles,  and  the  illumination  per  5  cubic  feet  was  16*4  candles.  With  a 
7-inch  chimney,  the  consumption  was  5*7  cubic  feet,  the  total  illumination 
21  candles,  and  the  illumination  per  5  feet  was  18*4  candle&  Chimneys  of 
8,  9,  and  10  inches  raised  the  total  consumption  to  6*4  feet  for  the  first  and 

7*1  feet  for  the  two  last,  and  gave  total  illumination  of  23*8,  26*2,  and  26*6 
candles  respectively.  The  illumination  per  5  feet  of  gas  was*  18*6  candles,  18*5, 
and  18-7. 

Of  the  Sugg  argands,  a  series  was  taken,  of  the  kind  known  as  Sugg's  New 
Reading-lamp  Argands.  Each  burner  is  fitted  with  a  separate  governor,  to  control 

the  pressure  of  the  gas  in  the  main&     The  series  consisted  of  tea  bomeirs,  dis- 



AROAND  BUBNKRS.  449 

tinguished  as  A,  B,  c,  D,  E,  F,  o,  H,  J,  and  K,  and  they  had  reepectivelj  fifteen, 

eighteen,  twenty-one,  twenty-four,  twenty-seven,  thirty,  thirty-three,  thirtynsix, 
thirty-nine,  and  forty-two  holes  for  the  issue  of  the  gas.  The  chimneys  of  the  first 
three  were  6  inches  in  height ;  of  the  second  three,  7  inches ;  of  burner  o, 

8  inches  ;  and  of  the  last  three,  9  inches.  The  absolute  consumption  of  gas 

ranged  from  3*2  feet  to  8*5  feet,  the  absolute  illumination  from  9*6  candles  to  30*9 
candles^  and  the  illumination  per  6  cubic  feet  reached  18  candles  in  burner 

0,  18-3  in  G,  and  18*2  in  k,  the  remainder  ranging  from  15  to  17*9.  The 
comparison  was  therefore  slightly  in  favour  of  the  Silber  as  against  any  of  the  Sugg 
ieries,  though  not  enough  to  make  any  practical  difference.  The  report  does  not 
mention  whether  the  vase  under  the  burner,  which  gave  such  remarkable  results 
with  cannel  gas,  was  tried  with  common  gas  or  not 

Although  a  greater  amount  of  light  can  be  obtained  from  the  burning  of  common 
gas  in  ordinary  quantities  in  good  argand  burners  than  can  be  obtained  by  the  use 

of  fiat-flame  burners,  the  reporters  are  of  opinion  that  there  are  many  reasons  for 
blinking  that  the  latter  are  better  adapted  for  general  use,  and  that  they  will 
continue  to  be  much  more  used  for  general  lighting  purposes  than  argands.  In 
the  first  place,  the  first  cost  of  the  argand  burner  is  necessarily  very  much  greater. 
The  cost  of  maintenance,  replacing  broken  chinmeys,  &c.,  is  also  very  much  greater. 
Then,  again,  the  cleaning  of  the  chinmeys  is  troublesoma  They  must  be  kept 
clean,  or  a  loss  of  light  will  result.  A  chimney  which  had  been  in  constant  use  for 

thirty  hours,  burning  Newcastle  gas,  was  so  dimmed,  by  the  deposition  of  what  is 
probably  sulphate  of  ammonia  on  the  inside,  that  half  a  candle  of  the  light  was 
intercepted.  H  fix)m  the  irregularities  of  the  pressure  of  gas  in  the  main,  or  from 
other  cause,  a  larger  amount  of  gas  is  passed  through  the  burner  than  can  be 
thoroughly  consumed,  the  flame  gives  off  dense  smoke,  which,  if  not  at  once  stopped, 
produces  very  disastrous  effects  in  rooms.  Hence  it  is  almost  absolutely  necessary 
to  use  a  special  governor  to  each  burner,  which  adds  still  more  to  the  cost.  It  is 
only  when  the  consumption  of  gas  for  which  the  argand  burner  is  specially  adapted 
b  used,  that  the  higher  illuminating  results  are  obtained  With  smaller  amounts, 
the  loss  of  light  by  the  excessive  supply  of  air  which  then  enters  the  chimney  is 

mudi  greater  than  in  the  case  of  flat-flame  burners  of  good  quality.  In  the  standard 

ATgand,  for  eocample,  by  reducing  the  consumption  of  gas  from  5  to  2*5  feet  per 
hour,  the  illuminating  power  was  reduced  from  16  candles  to  5  candles  for 
5  cubic  feet 

The  amount  of  light  lost  for  illuminating  purposes  by  the  use  of  globes  was 
referred  to  in  the  first  part  of  the  report  In  many  cases  this  loss  is  considerable, 
and  the  use  of  globes  with  narrow  openings,  and  made  of  very  opaque  white  glass, 
should  be  avoided  The  principal  advantage  of  the  use  of  globes  is  that  the  direct 
gkte  of  the  flame  is  prevented,  aiid  the  light  is  softened  and  diffused  in  a  pleasant 
manner.  It  is  often  worth  the  sacrifice  of  a  portion  of  the  light  to  produce  this 

efieet  With  properly-made  globes  of  thin  milk-white  glass,  having  openings  of  not 
less  than  four  inches  at  the  bottom,  and  still  wider  ones  at  the  top,  the  loss  of  light 

can  be  to  a  great  extent  avoided,  the  light  being  reflected  by  the  white  surfaces  of 
the  interior  of  the  globe  through  the  wide  openings  both  upwards  and  downwards. 

From  what  has  been  frequently  shown  in  the  report,  it  will  be  seen  how  very 

important  it  is  to  have  complete  control  of  the  pressure  at  which  the  gas  is  supplied 
38 
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to  the  bamen,  in  order  to  develop  its  tight-giving  properties  to  the  best  advantage. 
Hie  first  part  of  the  report  points  oat  the  various  causes  which  give  rise  to  the 

great  fluctuations  of  the  preasure  in  the  gas-maina  In  many  towns,  the  preBSore 
may  vary  from  less  than  an  inch  to  four  inches  No  doubt  the  pressure  as  supplied 
to  the  burners  can  be  regulated  by  taps  at  the  burners  or  at  the  meter,  but  in  many 
situations,  where  the  pressure  alters  much  in  the  oouise  of  a  single  ni^t»  this  is 
very  troublesome  to  attend  to,  and  in  most  cases  will  be  neglected.  It  is  best  in 
such  places  to  have  governors  which  act  automatically  by  the  pressure  of  the  gai. 

Besides  the  various  governors  already  mentioned  suitable  for.  a  number  of 
lights,  it  is  now  possible  to  obtain  governors  suitable  to  be  applied  to  single  lights 
at  a  cost  within  the  reach  of  most  gas-consumers.  These  are  placed  near  the  bamer, 
and  in  many  cases  form  a  part  of  the  burner.  In  situations  which  are  sobject 
to  great  variations  of  pressure,  it  is  worth  while  on  the  score  of  economy  to  adopt 
such  bumersL  Vastly  different  amounts  of  gas  are  passed,  often  imperceptibly, 
through  the  same  burner.  In  most  of  the  burners  tested  for  the  purposes  of  the 
report,  and  which  were  not  provided  with  means  for  checking  pressure,  the  tables 

show  that  about  twice  as  much  gas  passed  through  the  burner  at  1'5  inch 
pressure  as  passed  through  at  0*5  inch  pressure,  and  the  pressure  in  the  mains 
often  varies  more  than  this.  The  amounts  of  gas  passed  through  a  burner  without 

obstruction  for  checking  pressure,  with  and  without  a  governor,  were  as  follows : — 

With  a  governor,  the  gas  passed  through  the  burner  amounted  to  2*6  cubic  feet  per 
horn*  when  the  pressure  in  the  main  was  0*5  inch,  and  rose  to  4  cubic  feet  when  the 
pressure  in  the  main  was  increased  to  1  inch.  Further  increments  of  pressure, 
successively  to  2  and  3  inches,  produced  no  effect  Without  a  governor,  the 

consumption  of  gas  per  hour  was  4*9  cubic  feet  with  0*5  inch  pressure,  and  this  rose 
to  7*4  feet  at  1  inch,  to  11*8  feet  at  2  inches,  and  to  15*6  feet  at  3  inches.  Roughly 
speaking,  therefore,  in  the  case  of  this  burner,  a  governor  would  save  1,000  cubic 
feet  of  gas  in  every  ninety  hours  of  use  under  high  pressure. 

Single-burner  governors  are  now  made  by  Sugg,  Peebles,  Wright,  Borradaile, 
and  othera  Many  of  them  regulate  the  pressure  by  the  rising  and  falling  of  a 
small  cup,  or  cone,  fitted  loosely  in  a  receptacle  through  which  the  gas  passes  on  its 
way  to  the  burner,  and  they  are  of  a  size  which  does  not  obstruct  the  downward 
light,  and  of  a  form  which  does  not  offend  the  eya  Several  of  these  have  been 
tested  at  pressures  varying  from  half  an  inch  to  three  inches.  From  the  exigencies 
of  their  construction,  they  do  not  act  absolutely  perfectly,  but  at  pressures  varring 
from  one  inch,  at  which  most  of  them  are  constructed  to  commence  to  act,  to 
three  inches,  the  amount  of  gas  they  allow  to  pass  to  the  burner  does  not  vary 
more  than  half  a  cubic  foot  per  hour.  Such  governors  are  of  very  great  service, 
not  only  in  preventing  waste  of  gas,  but  also  in  very  nearly  securing  what  is  so 
essential  to  the  development  of  the  maximum  amount  of  Light,  a  tmiform  supply 
of  gas  to  the  burner. 

The  reports  of  which  I  have  thus  presented  the  substance  in  a  condensed 
form,  exceedingly  instructive  and  no  doubt  entirely  trustworthy  as  they  are,  yet 
leave  untouched  several  points  of  interest,  which  it  is  possible  the  committee 
of  the  Association  may  see  their  way  to  deal  with  on  some  future  occasion.  One 
of  these,  for  example^  is  the  question  of  the  relative  durability  of  different  burners ;  a 
question  upon  which  the  most  discrepant  statements  are  made  by  manufacturers. 
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One  will  assert  that  his  burners  are  practically  everlasting ;  another,  that  the  projier 
duration  of  life  of  a  burner  ranges  from  three  months  to  twelve,  and  that  they 
ought  to  be  frequently  replaced,  as  their  efficiency  undergoes  diminution.  It  is 
manifest  that  a  high-priced  burner,  if  jt  is  not  calculated  to  be  also  a  durable  one, 
may  save  a  certain  amount  of  gas  and  may  yet  be  an  expensive  luxury  instead 
of  a  source  of  economy;  so  that  the  consumer,  when  told  that  burner  a  will 

giTB  the  same  illumination  as  burner  B,  but  with  15  per  cent,  less  consumption 
of  gas,  should  ask  how  long  burner  A  will  remain  in  a  position  to  do  this  if  in 
constant  use,  and  also  what  is  its  cost  as  compared  with  the  other.  It  might  often 

happen  that  the  saving  of  gas,  although  real  enough,  was  not  sufficient  to  com- 
pensate the  consumer  for  the  higher  price  of  the  burner  by  which  this  saving  was 

to  be  effected.  Messrs.  Bray,  for  instance,  who  sell  burners  at  such  a  price  that 
they  can  be  supplied  retail  for  about  fourpence  i^iece,  think  that  a  burner  ought 
not  to  be  expected  to  consume,  during  its  whole  life,  more  than  say  a  thousand  feet 

of  gas;  and  hence,  on  this  calculation,  one  which  cost  eightpence  ought  to  effect 
a  saving  of  cent  per  cent,  in  order  to  stand  upon  the  same  level  with  the  first ; 
or  should  consume  double  the  quantity  of  gas  with  the  same  degree  of  efficiency  and 
economy. 

When  regarded  from  this  point  of  view,  the  batwing  burners  stand  at  a  marked 
advantage  as  compared  with  the  ordinary  union  jeta  The  surface  of  the  union  jet  is 
a  little  cup  or  concavity,  in  which  two  fine  openings  are  drilled,  and  the  cup  forms  a 
convenient  receptacle  for  small  particles  of  air-borne  dust,  which  collect  within  it 
and  are  difficult  to  remove.  Such  particles  interfere  with  the  issuing  streams  of  gas, 
and  check  the  activity  of  combustion,  and  on  this  account  they  furnish  surfaces  upon 
which  nnconsumed  carbon  may  be  deposited.  It  follows  that  a  union  jet,  however 
excellent  when  it  is  clean  and  brand  new,  soon  begins  to  fall  off  in  its  performances, 

and  becomes  decidedly  inferior  to  other  forma  On  account  of  the  cup-shaped 
surface,  and  of  the  position  of  the  orifices,  the  accumulations  of  dirt  referred  to  are 
difficult  to  remove.  With  the  batwing,  on  the  other  hand,  the  orifice  being  a  slit 

on  a  convex  or  globular  surface,  the  tendency  of  air-borne  dust  is  to  fall  away  from 
it ;  and,  whenever  any  ̂ larticle  does  alight  actually  within  the  edges  of  the  slit,  it 
can  be  removed  in  an  instant  by  passing  the  edge  of  a  strip  of  writing  paper  between 
the  margins.  The  results  stated  in  the  report  must  be  regarded  as  applying  only  to 
uncl<^gged  burners ;  and  the  union  jets  are  clogged  often,  and  can  only  be  cleaned  with 
trouble  and  difficulty,  while  the  batwings  are  little  liable  to  be  clogged  at  all,  and 
whenever  they  become  so  can  be  cleaned  in  an  instant  They  therefore^  practically 
speaking,  retain  their  usefulness  very  much  longer  than  the  others,  and  are  greatly 
to  be  preferred  where  there  are  numerous  lights  in  constant  use,  to  which  it  would 
be  difficult  to  pay  individual  attention.  The  original  forms  of  batwing,  on  account 
of  the  wide  spreading  of  their  flames,  were  almost  prohibitory  of  the  use  of  globes ; 
but  the  modem  forms  described  in  the  foregoing  pages,  either  by  modifications 

in  the  shape  and  extent  of  the  slit,  or  by  means  of  the  "table-top"  introduced 
by  Mr.  Sugg,  afford  higher  and  narrower  flames,  with  which  globes  may  be  used 
whenever  it  is  desii^ecL 



452  OrR   H0MB8. 

CHAPTER  XLTT. 

RICENT   IHVSKTIONS  AND   IMPR0VSMENT8   Df  OAB-LIGHTIKO. 

TflntilAtiiig  Bnmen—The  Globe  light- ^Siemens*  Regenerative  Burner  for  Heating  the  6aa  and  Air— 
OrinMton'i  Burner— Variooa  Inoandeeoent  Bumen— Methods  of  Bnriehinf  Oaa  bj  addifcioa  fd 
Hydro-oaiiMMia. 

Thb  various  fittings  by  which  gas-burners  are  suspended,  or  to  which  they  are 
attached,  are  so  widely  known  that  it  would  be  superfluous  to  describe  them  with 
minuteness.  They  vary  from  the  simplest  and  cheapest  forms  to  some  that  are 
costly  and  elaborate,  and  they  are  made  either  to  depend  from  the  ceiling,  to  be 
attached  to  walls,  or  to  stand  upon  tables.  In  the  first  case  they  usually  slide 
up  and  down;  in  the  second  they  turn  on  pivots  near  their  attachments,  and 
are  composed  of  one,  two,  or  three  arms,  according  to  requirements;  while  in 
the  third  they  may  be  either  fixed  or  movabla  If  movable,  they  are  supplied 
with  gas  through  flexible  tubes,  proceeding  either  from  stationary  burners  or 
from  some  convenient  points  in  the  wall  or  ceiling  of  the  room.  They  all 
consist  essentially  of  tube  and  burner,  and  their  variations  are  chiefly  in  the 
number  of  lights  which  they  are  required  to  carry,  or  in  the  extent  to  which 

they  take  pai-t  in  the  general  plan  of  decoration. 
Tliere  are,  however,  some  useful  forms  of  gas-burners  which  cannot  be  con- 

sidered separately  from  their  pendants  or  supports,  and  the  most  important  of 

these  are  the  "Globe"  light  of  Mr.  Hammond  (shown  in  Fig.  195),  and  the 
new  "  Regenerative  "  gas-burner  invented  by  the  brothers  Siemens. 

A  variety  of  attempts  have  been  made  by  many  inventors  to  carry  off  from 
gas-lighted  rooms  the  noxious  products  of  combustion,  and,  at  the  same  time, 
to  provide  a  sufficient  outlet  for  the  air  vitiated  by  respiration.  Among  the 
first  of  these  attempts  was  an  arrangement  devised  by  the  late  Mr.  De  la  Garde, 
of  Exeter,  for  a  literary  institution  in  that  city.  The  room  was  lighted  by 

argand  gas-burners,  and  Mr.  De  la  Garde  suspended  over  each  a  tube  of  about 
twice  its  calibre,  which  received  the  products  of  combustion  by  a  trumpet-shaped 
mouth,  placed  about  two  inches  above  the  top  of  the  chinmey-glass.  This  first 
tube  was  carried  up  nearly  to  the  ceiling,  a  little  below  which  it  entered  for  an 
inch  or  two  into  another  tube  of  similar  construction,  but  of  somewhat  lai^ 

calibre,  opening  either  directly  into  the  air  or  into  a  chinmey.  •  In  this  way 
the  mouths  of  the  up])er  tubes  aflbrded  outlet  for  the  air  of  the  room,  while 
the  gases  produced  by  combustion  were  carried  up  through  both  tubes,  and  escaped. 
The  apparatus  was  said  to  be  successful  in  its  operation,  but  no  one  could  denj 
that  it  was  unsightly. 

The  "Globe"  light  of  Mr.  Hammond  produces  results  very  similar  to  those 
of  Mr.  De  la  Garde's  contrivance,  and  has  the  advantage  of  being  easily  rendered 
ornamental.  Its  operation  will  be  understood  by  the  sectional  drawing  given 
in  Fig.  194.  The  air  of  the  room  in  which  the  light  is  fixed  enters  near  tJie 
top  of  the  globe  at  a,  and,  passing  between  the  interior  of  the  globe  and  the 
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exterior  of  the  chimney-glass,  descends  to  supply  oxygen  to  the  burner  b.  The 
products  of  combustion  ascend  to  the  top  of  the  chimney-glass  at  d,  under  the 
aperture  of  the  hollow  pendant,  up  which  they  are  impelled  by  the  sharp  draught 
of  the  heated  current  Having  reached  the  upper  part  of  the  pendant,  the  heated 
products  are  turned  by  the  elbow  at  the  top  into  the  horizontal  pipe  A  A,  and 
are  carried  into  the  chimney  of  the  room  in  which  the  light  is  ilxed. 

The  pipe  A  a  is  surrounded  by  an  outer  pipe,  c  c,  which  affords — ^where 
the  draught  in  the  chimney  is  sufficiently  good — a  means  of  gently  and  imper- 

ceptibly changing  the  atmosphere  of  the  room  by  the  steady  current  which  is 

produced  by  the  heat  of  the  inner  pipe.  The  openings  B  B,  provided  in  the  ceiling- 
rose  for  the  purpose,  communicate  through  the  cone  with  this  pipe,  so  that  the 

temperatiire  of  the  room  is  equalised  by  the  constant  gradual  rise  of  the  compara- 
tively cool  air  from  below  as  fast  as  the  upper  portion  passes  into  the  pipe.  This 

ax^ion  is  self-regulating,  the  current  being  more  rapid  when  gently  heated,  and  less 
so  as  the  cooler  air  ascend& 

Burners  of  the  same  kind  are  made  to  project  from  the  walls  of  rooms  near 
the  fireplace,  the  hoUow  pendants  curving  downwards  from  their  points  of 
fixation. 

The  actual  burners  employed  are  essentially  argands,  but  of  peculiar  con- 
struction. As  will  be  seen  in  Fig.  194,  the  supply-pipe  descends  to  them  from 

above,  and  passes  through  the  ring  of  the  burner  to  enter  a  curved  cross-pipe, 
the  extremities  of  which  deliver  the  gas  into  a  small  chamber  below  its  apertures 
of  final  exit  for  combustion.  In  this  chamber  it  is  able  to  expand,  and  to  lose 
a  portion  of  the  pressure  to  which  it  was  previously  subjected,  much  in  the  same 

way  as  in  the  Silber  batwing.  Lighting  is  accomplished  by  passing  down  a  spirit- 
torch  or  wax  taper  from  above  the  top  of  the  chimney-glass ;  and  the  supply  of 
gas  is  usually  regulated  by  a  tap  in  some  convenient  position,  at  a  distance  from  the 
burner. 

I  am  not  aware  of  any  expeidments  for  the  determination  of  the  amount  of  light 
which  this  burner  furnishes  for  its  consumption,  but  it  certainly  yields  light  of  a 

pleasant  quality,  and  is  well  adapted  for  the  illumination  of  a  room  for  genei*a] 
purposes.  It  would  hardly  be  sufficient  for  fine  work,  or  for  reading  small  print 

with  the  maximum  of  comfort.  As  a  ventilating  arrangement  it  is  highly  satis- 
factory ;  and  perhaps  the  chief  objection  to  its  general  use  would  be  on  the  score 

of  price.  The  burner  figured  in  Fig.  15  would  cost  £5  9s.  6d.  in  its  simplest  form, 
and  more  elaborate  forms  would,  of  course,  be  costly  in  comparison. 

For  office  use,  the  pendants  are  fitted  with  white  shades,  open  below,  instead  of 
witii  globes,  so  as  to  obviate  the  loss  of  light  occasioned  by  the  latter. 

The  passage  of  the  horizontal  pipe  between  the  ceiling  of  the  room  which  is 
lighted  and  the  floor  of  the  room  above  sometimes  renders  the  latter  perceptibly 
warm,  but  this  heating  never  reaches  a  point  of  danger,  and  may  often  be  an 
advantage. 

The  Siemens  regenerative  gas-burner  is  a  result  of  experiments  conducted 
simultaneously  by  Dr.  C.  W.  Siemens,  F.R.S.,  of  London,  and  Herr  F.  Siemens,  of 
Dresden,  with  a  view  to  the  attainment  of  increased  illumination,  greater  economy 
in  the  consumption  of  gas,  absolute  steadiness  of  light,  perfect  ventilation,  complete 
combustion,  and  the  utilisation  and  disposal  of  the  products  of  combustion.     Each 
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of  the  experimenten  aniTed  Bepan^y  at  the  nme  oanxhuaoDB,  and  the  reedts  of 
these  oonclnsiopa  may  be  seen  in  the  bomerB  which  are  now  in  use  at  the  eastern 

extremity  of  Holboniy  where  they  oast  into  comparatiTe  shadow  the  Edison  elednc 

light  in  the  adjacent  street 

The  principle  by  which  this  improTement  has  been  effected  is  mainly  that  of 

heating  the  air  and  gas  previously  to  their  union;  and  this  is  effected,  in  the 

r^generatiTe  burner^  by  causing  the  heat  of  the  combustion^  which  is  ordmanly 
wasted,  to  heat  the  gas  and  air  which  are  next  in  rotation  to  be  consumed. 

The  burner  is  shown  in  Fig.  196,  and  a  section  in  Fig.  197,  and  it  is  composed  of 

the  following  parts : — A,  gas-chamber,  supplying  the  gas-tubes,  b  ;  o,  exit  for  the  gas 

supplying  the  flame ;  d,  air-chamber ;  B,  regeneraliTe  heating  chamber ;  f,  suctioii- 
chinmey  leading  to  chimney  o.  When  the  buroer  is  first  lighted,  gas  in  a  cold  state 

passes  through  the  gas-chamber,  ▲,  and  gas-tubes,  b,  to  the  point  of  ignition,  a  Cold 
air  enters  the  air-chamber  n,  and,  before  arriving  at  o,  is  equalised,  and  well  disteibuted 
to  the  flame  by  means  of  a  toothed  circular  collar.  The  flame  bums  around  a  tabe 

of  porcelain,  h,  and,  turning  over  the  top  of  it^  descends  into  the  interior  of  the 

burner,  or  regenerative  heating-chamber  ■.  This  effect  is  produced  by  a  oontinuoiis 

current^  occasioned  by  the  main  chimney  a,  and  the  branch  or  suction-diimnej  f. 
The  waste  heat  and  products  of  the  flame  being  thus  ooUected  in  the  regenerative 

heating-chamber  b,  the  temperature  of  the  latter  is  raised  to  about  900  C.  llie 
consequence  is  that  the  gas  and  air  in  the  surrounding  chambers,  during  the 

progress  of  their  ascent  from  the  bottom  to  the  top  of  the  burner,  are  raised  to  a 

similar  temperature,  thus  increasing  the  illuminating  power.  Outside  the  burner  is 

a  jacket  of  thin  metal,  i,  between  which  and  the  burner  a  current  of  cooler  air 

ascends,  to  prevent  the  overheating  of  the  burner,  and  also  to  add  to  the  supply  of 

air  to  the  flame.  On  the  top  of  this  outer  casing  rests  a  cylinder  of  glass,  k,  which 

protects  the  flame  from  the  action  of  the  wind. 

The  illumination  afforded  by  this  burner  has  been  tested  by  Mr.  Keates,  Mr 

Hartley,  and  Mr.  Heisch,  with  the  result  that  it  has  been  found  to  give,  in  itB 

largest  size,  a  greater  amount  of  light  than  any  other  which  has  been  constructed 

The  smaller  sizes,  however — ^those  which  would  be  applicable  to  rooms — are  not 

equally  advantageous,  and  scarcely,  if  at  all,  surpass  the  Silber  argand  in  their 

performance,  while  their  price  is  such  as  to  be  a  serious  impediment  to  their  general 

adoption.  The  size  Na  4,  for  example,  which  consumes  ten  cubic  feet  of  gas  per 

hour,  gives  fifty  candle-light,  and  costs  four  guineas  for  the  burner  only.  The 
pendant,  which  is  essential  to  the  performance  of  the  burner,  costs  three  guineas  in 

its  simplest  form,  and  is  of  a  shape  which  does  not  readily  lend  itself  to  ornamenta- 
tion. For  use  in  rooms,  the  suction  chimney,  f,  in  the  figure,  is  duplicated  by  a 

dummy  for  the  sake  of  symmetry,  and  the  flame  is  covered  by  a  conical  glass 

shade,  which  reflects  the  light  downwards.  Even  then  it  would  seldom  be  necessary 

or  desirable,  in  a  room,  to  have  the  light  of  fifty  candles  concentrated  in  one  spot ; 

and  most  rooms  would  be  better  lighted  by  the  distribution  of  lights  of  lesser 

individual  power.  For  the  present^  therefore,  we  must  conclude  that  the  regenera- 
tive burner,  although  among  the  best  in  existence  for  street  lighting,  is  hardly  in 

competition  with  others  for  domestic  uses ;  and  its  distinguished  inventors  must 

apply  themselves  to  obtain  an  increase  of  power  with  small  consumption  and  a 
diminution  of  cost  before  it  can  take  rank  as  a  household  appliance,  or  can  enter 
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seriously  into  that  competition  between  gas  and  electricity  which  must  certainly  be 
carried  on  for  some  time  longer  before  it  can  be  finally  decided  in  favour  of  either. 
The  influence  of  the  regeneratiye  burner  in  removing  the  products  of  combustion 
and  the  vitiated  air  of  a  room  would  doubtless  be  considerable ;  but  these  ends  can 

Ije  obtained  perhaps  equally  well  by  simpler  and  less  expensive  means.  The 

humer  requires  notice,  but  its  domestic  utility  must  belong  leather  to  the  future 
than  to  the  present. 

Another  form  of  domestic  light  which  effects  something  towards  the  removal  of 

vitiated  air  is  the  so-called  sun  burner,  which  consists  of  a  star  of  fish-tail  jets  placed 
Yj^neath  an  enamelled  basin,  which  both  reflects  light  downwards  and  communicates 

with  a  pipe  which  carries  away  the  heated  air  and  the  products  of  combustion. 

Tlie  gas  sun-light  answers  admirably  for  large  rooms  in  which  no  fine  work  is 

cairied  on,  such  as  lecture-rcMMns,  club  smoking-rooms,  and  ■  the  like,  but  it  is  not 
well  adapted  fgr  situations  in  which  the  eyes  are  employed  over  near  and  small 
objects. 

A  modification  of  the  Siemens  regenerative  burner,  from  which  great  results 
are  predicted,  has  recently  been  introduced  by  Mr.  Grimston,  who  hopes  to  render 
it  available  for  the  small  as  well  as  for  the  large  consumer.  It  may  be  described  as 
an  argand  burner  turned  upside  down,  the  flame  curving  round  the  margin  of  an 
iimer  cylinder,  which  contains  the  ring  of  gas  tubes,  and  then  ascending  within  an 

outer  cylinder  or  chimney.  The  space  between  the  two  cylinders  contains  cross- 
tubes,  which  open  into  the  external  air  by  one  extremity,  and  into  the  internal 
cylinder  by  the  other,  and  which  thus  supply  heated  air  to  the  flame.  The  latter  is 
shut  in  below  by  a  curved  plate  of  glass,  which  hinges  to  the  margin  of  the  external 
cylinder,  and  the  flame  presents  somewhat  the  shape  of  a  convolvulus  bloom  turned 
downwards.  In  the  experimental  burners  which  alone  have  yet  been  constructed, 

the  results  obtained  are  said  to  have  amounted  to  as  much  as  sixty  candle-light  for 
a  consumption  of  ten  cubic  feet  per  hour ;  and  it  is  also  said  that  smaller  quantities 
of  gas  can  be  consumed  in  smaller  burners  with  equal  advantage.  If  this  statement 

should  be  boi-ne  out  by  experience,  the  burner  will  be  a  great  advance  upon  any 
now  in  the  market  The  appearance  of  the  flame  is  pleasing,  and  the  simple 

vertical  pendant  both  lends  itself  to  ventilation  and  admits  of  being  rendered  orna- 
mental 

It  has  long  been  known  that  hydro-carbons  brought  into  contact  with  oxygen 
at  a  sufl&ciently  high  temperature  would  bum  without  the  production  of  flame; 
and  Mr.  Fletcher,  of  Warrington,  has  been  conspicuous  among  those  who  have 
produced  some  remarkable  heating  results  in  this  manner.  The  incandescent 
electric  lamps  have  suggested  to  several  inventors  the  idea  that  incandescence,  for 
illuminating  purposes,  might  be  obtained  by  other  than  electric  agencies,  and 

notably  by  the  so-called  flameless  combustion,  with  the  result  that  two  incandescent 
gas-lights  are  now,  or  soon  will  be,  offered  to  the  public.  In  the  first  of  these,  the 
incandescent  gas  lamp  of  M.  Clamond,  the  incandescent  material  is  a  small  basket 
of  magnesia;  while  in  the  second,  the  lamp  of  Mr.  Lewis,  it  is  a  thimble  of  platinum 
wire  gauze.  In  both  alike  the  principle  is  that  when  gas  is  burnt  in  such  a  manner 
Bn  to  heat  a  substance  upon  which  the  flame  is  thrown,  this  substance,  as  soon  as  it 
Womes  sufiiciently  heated,  will  arrest  the  formation  of  flame,  and  at  the  same 

time,  if  sufficiently  indesti-uctible,  will  furnish  a  high  degree  of  luminosity  by  its 
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incandescence.  This  is  really  the  principle  of  the  Dmmmond  light ;  and  the  only 
novelty  in  its  application  is  the  attainment  of  a  sufficiently  high  tempentnie  by 
feeding  common  gas  with  atmospheric  air  delivered  muder  pressure  in  iiea  of  ihe 

ordinary  lime-light  combination  of  oxygen  and  hydrogen.  M.  Clamond's  liasket  is 
conical  in  shape,  and  is  made  of  a  sort  of  laoeworic  of  spun  magnesia.  The 
magnesia  in  powder  is  rendered  plastic  by  a  solution  of  acetate  of  magnesiay  and  is 
then  worked  like  vermicelli  into  threads,  of  which  a  netted  mesh  is  made.  The 

baskets  are  very  cheap,  and  are  said  to  last  for  about  forty  hours  of  actual  use,  after 
which  period  they  must  be  replaced,  as  the  light  which  they  furnish  assumes  a 
bluish  tint.     The  renewal  is  easily  effected. 

In  Lewis's  incandescent  burner  the  arrangement  is  practically  the  same.  The 
basket  or  thimble  of  fine  platinum  wire  gauze  is  placed  on  the  summit  of  a  double 
tube,  the  internal  tube  delivering  air  at  high  pressure,  as  from  a  blow-pipe  jet, 
while  the  outer  tube,  surrounding  the  former,  delivers  gas  at  ordinary  pressure. 

The  combined  air  and  gas  are  driven  by  the  pressure  through  the  gauze,  and  can  be 
lighted  from  the  outside  of  it  After  burning  for  a  few  seconds,  die  gauze  itself  is 
reused  to  a  white  heat,  the  flame  disappears,  and  the  glowing  gauze  is  alone  visible 
as  a  source  of  brilliant  luminosity. 

It  is  claimed  for  the  incandescent  magnesia,  and  is  certainly  true  of  the 
incandescent  platinum,  that  the  light,  although  brilliant,  is  soft  and  pleasing  in 
quality,  and  not  irritating  to  the  eyes ;  and  in  both  cases  the  quantity  of  incandescent 
material  is  too  small  to  become  a  source  of  undesirable  elevation  of  the  temperature 
of  the  room  in  which  the  light  is  used.  In  both  lights  an  exceedingly  high  rate  of 
illumination  is  said  to  be  obtained  for  the  quantity  of  gas  consumed;  and, 
inasmuch  as  this  light  is  a  result  of  the  incandescence  of  the  magnesia  or  of  the 
platinum,  and  not  of  the  incandescence  of  anything  furnished  by  the  gas  itself, 
the  quality  of  the  latter,  as  regards  illuminating  power,  ceases  to  be  an  element  in 
the  question.  A  gas  suitable  for  heating  purposes,  poor  in  carbon,  will  be  as  good 
as,  or  even  better  than,  any  other;  and  such  gas  may  be  obtained  at  a  cheaper 
rate  than  any  which  is  itself  capable  of  being  used  as  an  illuminant  In  this  way 
alone  a  great  source  of  possible  future  saving  is  opened  out 

On  the  other  hand,  a  serious  economical  objection  to  the  method  is  furnished  by 

the  necessity  of  supplying  air  under  pressure  in  addition  to  gas — a  necessity  which 
seems  to  imply  the  laying  down  of  an  additional  set  of  pipes  for  this  purpose. 
In  the  Clamond  burner,  by  an  airangement  analogous  to  that  of  the  Siemens  and 
Grimston  burners,  the  air  is  heated  on  its  way  to  the  flame ;  and  it  is  claimed  that 
the  heating  diminishes  the  degree  of  pressure  which  is  required.  If  in  this  respect 
the  Clamond  possesses  any  advantage  over  the  Lewis  burner,  it  would  obviously  be 

only  in  msdntenance  from  day  to  day ;  in  the  engine-power,  for  example,  by  which 
the  air-«upply  was  driven,  and  not  in  the  cost  of  the  original  system  of  pipes 
through  which  it  would  pas&  Against  any  saving  thus  effected  may  be  put  the 
fact  that  the  Lewis  or  platinum  burners  are  practically  everlasting  and  indestructible, 
while  those  made  of  magnesia  will  require  renewal  almost  as  frequently  as  the  wicks 
of  an  oil  lamp.  Of  the  relative  merits  of  the  two  systems,  and  of  the  power  of 
either  to  effect  a  suflicient  saving  to  bring  it  into  practiciJ  competition  with  gas 
burnt  alone,  it  would  as  yet  be  premature  to  speak,  and  the  idtimate  decision  must 
be  arrived  at  under  the  guidance  of  an  experience  for  which^  as  yet^  no  materials 
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have  been  afforded.  The  Olamond  light  has  not  at  present  been  tried  in  this 
coontiy,  and  the  Lewis  light  exists  only  in  an  experimental  condition.  At  the 
time  cf  Tmting,  arrangements  are  being  made  for  its  application  to  street  lamps 

between  the  **  Angel "  at  Islington  and  Olerkenwell  Green ;  and  it  will,  therefore, 
soon  be  Tisible  to  the  public 

Another  method  of  increasing  the  illumination  from  a  gas-flame  is  to  enrich 
the  gas  itself  by  the  addition  of  further  carbon  element&  Tliis  may  be 

effected  by  passing  it  through  various  fluid  hydro-carbons,  in  vessels  constructed  for 
the  purpose ;  but  the  best-known  process  is  that  accomplished  by  what  is  called 
the  albo-carbon  light.  This  light  is  obtained  by  burning  gas  which  is  enriched, 
while  on  its  way  to  the  burner,  with  vaporised  naphthaline,  and  it  not  only,  in 
round  numbers,  gives  twice  the  ordinary  illumination  for  half  the  amount  of  gas 
consumption,  but  the  light  is  of  purer  and  bettor  colour  than  any  other  with  which 
I  am  acquainted.  The  lighting  of  the  Aquarium  has  been  immensely  improved  in 
quality  and  in  amount  by  its  use,  and  this  has  been  done  at  a  saving  of  about 
£1,000  a  year,  on  account  of  the  corresponding  diminution  in  the  quantity  of  gas 
which  is  required. 

Napthaline  is  a  hydro-carbon  which  is  solid  at  ordinary  temperatures,  so  that, 
although  it  is  formed  in  large  quantities  in  the  process  of  gas-manufacture,  it  is 
deposited  in  the  larger  tubes  or  in  the  reservoirs  as  the  newly-made  gas  cools. 

When  cold,  it  is  a  friable  sob'd,  of  brownish-white  colour,  of  a  sort  of  semi-trana- 
parency,  and  of  crystalline  fracture.  Until  it  was  applied  to  the  purpose  of  the 

albo-carbon  light^  it  had  no  uses  in  the  arts,  and  was  a  purely  waste  product,  which 
gas-manufacturers  were  under  the  constant  necessity  of  removing  from  their 
reservoirs  and  tubes,  and  which  was  useless  and  valueless  when  removed.  It  is 

readily  volatilised,  and  its  vapour  possesses  an  extremely  offensive  odour. 

In  order  to  obtain  the  albo-carbon  light,  a  piece  of  naphthaline  is  put  into  a 
reservoir  connected  with  a  gas-burner,  and  this  reservoir  is  so  arranged  that,  when 
it  is  warmed,  the  vaporised  napthaline  mingles  with  the  gas,  and  is  burned  together 

with  it.  For  single  lights,  gas-burners  are  made  with  strips  of  metal  adjacent  to 
the  fl&me  and  extending  to  the  reservoir,  so  that  the  heat  communicated  by  them 

gradually  volatilises  the  hydro-carbon.  When  the  gas  is  lighted,  the  flame  at  first 
yielded  is  not  distinguishable  from  that  of  an  ordinary  burner,  but,  as  the  warmth 
reaches  the  naphthaline,  and  the  vapour  is  formed,  the  flame  increases  in  size  and 
brilliancy  in  a  remarkable  manner.  When  the  naphthaline  becomes  exhausted,  the 
flame  returns  to  its  original  condition  until  a  further  supply  is  introduced.  In  large 
lights,  aa  in  gaseliers  with  several  burners,  the  naphthaline  is  placed  in  a  common 
central  reservoir  below  them  all,  and  under  this  reservoir  there  is  a  small  jet,  for  the 

porpose  of  affording  the  heat  necessary  in  order  to  maintain  the  supply  of  vapour. 
At  the  Aquarium,  for  example,  the  naphthaline  reservoir  and  its  tiny  gas-jet  may  be 
seen  under  each  gaselier,  and  an  attendant,  before  the  general  lights  are  extinguished, 
goes  round  to  turn  out  the  small  jets,  so  that  the  naphthaline  is  suffered  to  cooL  If 
this  were  not  done,  it  would  be  necessary  to  put  out  the  gas  by  a  tap  at  each 
individual  burner,  instead  of  by  a  tap  common  to  many  burners  at  ODce,  because 
the  closure  of  the  latter  would  still  permit  the  escape  of  naphthaline  vapour,  which 
would  occasion  an  insupportable  stench.  For  the  same  reason,  it  is  necessary  that 
the  reservoir  which  contains  the  naphthaline  should  be  perfectly  closed,  since  any 
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opening  in  it  would  allow  the  stinking  Tapoor  to  escape  ;  and,  for  this  reason,  the 
albo-carbon  light  is  scarcely  applicable  to  private  houses  or  small  establishment& 
For  a  single  burner,  a  fresh  piece  of  naphthaline  would  require  to  be  put  into  the 
reservoir  about  once  a  week,  and  few  ordinaiy  domestic  servants  could  be  trusted 
always  to  close  the  reservoir  again  with  the  necessary  security.  For  this  purpose 
a  skilled  workman  would  generally  be  required,  and  henoe  the  light,  notwithstanding 
its  beauty  and  brilliancy,  is  only  practically  available  where  a  competent  person  is 
always  at  hand  to  superintend  it 

It  will  be  sufficiently  manifest  ̂ m  the  for^;oing  that  the  introduction  of  the 
electric  light  has  afforded  an  extraordinary  stimulus  to  invention  with  r^rd  to 
methods  of  illumination  generally,  and  that  it  is  also  steadily  tending  to  create  a 
demand  which  such  invention  must  supply.  The  practical  lesson  to  be  learnt  from 
these  facts  is  that  builders  or  owners  of  houses  should  be  prepared  for  any 
eventuality,  and  should  arrange  means  for  the  easy  conveyance  or  insertion  of  any 
systems  of  tubes  or  of  ̂ 4res  which  may  ultimately  appear  to  be  the  most 
advantageous.  In  the  construction  of  new  houses,  and  in  the  alteration  of  old 
ones,  it  will  generally  be  possible  to  place  matters  in  such  a  train  that  conductors 
for  electricity,  or  tubes  for  air  or  for  gas,  or  for  both  together,  might  be  brought 
into  the  principal  apartments  without  subsequent  important  disturbance. 

I 
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OHAPTEIl  XLV. 

PETROLEUM      AND      OIL      LAMPS. 

Nfttue  of  Petroleum — Its  Sources  and  Varieties — Importance  of  the  Flashing-point,  or  Degree  of 
Inflammability  —  Dangers  of  Petroleum — ^Improvements  in  Lamps  — Colza  Oil  Lamps— Com- 
psratiTe  Cost  of  dandles  and  Other  Modes  of  Lighting— Impurities  of  Qas — ^Lamp  Designs. 

Ths  illuminatiiig  agent  next  in  importance  to  gas  is  undoubtedly  petroleum, 
which,  indeed,  may  be  described  as  a  gas  of  natural  distillation.  It  consists 

of  a  mixture  of  hydro-carbons,  some  of  them  resembling  marsli  gas,  others  re- 
sembUng  olefiant  gas,  presenting  among  themselves  many  minute  shades  of  chemical 
difference  which  there  is  nothing  in  their  ultimate  composition  to  explain,  and  which 
are  referred  to  differences  in  the  molecular  arrangement  of  the  carbon  and  hydrogen 
atoms  which  they  contain.  Nearly  all  are  liquid  at  ordinary  temperatures,  some  are 
very  volatile,  others  fixed,  others  intermediate  between  the  preceding,  and  some,  of 

which  "  ozokerit "  or  earth-wax  is  an  example,  are  found  in  a  solid  condition.  They 
are  all  to  be  r^arded  as  essentially  vegetable  oils,  developed  in  the  plants  which 

formed  the  coal-measures,  and  sepaiuted  when  these  coal-measures,  in  the  course  of 
geological  changes,  have  been  subjected  to  heat  and  pressure.  In  some  instances, 
retained  by  strata  impervious  to  them,  and  percolating  through  others  of  a  more 
porous  description,  they  have  probably  travelled  long  distances  from  the  place 
of  their  production,  and,  like  water  under  similar  conditions,  ultimately  exude 
through  fissures,  or  are  permitted  to  reach  the  surface  through  wells  sunk  for 
the  purpose. 

Some  of  the  native  forms  of  petroleum  were  certainly  known  to  the  ancients ; 

and  Gibbon  mentions  that  one  of  them — ^naphtha,  or  bituminous  oil — ^is  supposed, 
on  slender  evidence  but  with  high  probability,  to  have  been  the  basis  of  the 

celebrated  Greek  fire.  For  a  long  period,  however,  and  until  quite  recently,  the 
only  forms  of  petroleum  used  in  the  arts  were  artificial  products,  obtained  by  the 
destructive  distillation  of  wood,  peat,  or  bituminous  minerals. 

According  to  Payen,*  the  first  impulse  to  the  use  of  petroleum  as  an  illuminating 
agent  was  given  by  Reichenbach,  who,  in  1830,  prepared  from  beechwood  tar  both 

solid  paraffin  and  an  oil  which  could  be  burnt  in  suitably-constructed  lamps.  But, 
owing  to  the  small  amounts  in  which  these  products  were  obtainable  from  tar,  or 
from  the  bituminous  minerals  then  known,  the  various  attempts  made  to  bring  them 
into  practical  application  proved  unsuccessful,  until  materials  capable  of  yielding  a 
lai^r  amount  of  oily  products  were  discovered.  Among  these,  the  principal  were 

a  remarkable  bituminous  mineral,  occurring  in  the  coal-measures  at  Boghead,  in 
Sootlandy  and  the  tertiary  coal  or  lignite  occurring  in  several  parts  of  Germany. 

Not  long  after  the  utUisation  of  these  sources  of  liquid  hydro-carbons  had  become 
an  established  branch  of  commerce,  a  new  source  of  supply  was  furnished  by  the 
discovery  of  the  vast  deposits  of  petroleum  in  America ;  and  hence,  at  the  present 

time,  the  liquid  hydro-carbons  of  what  is  called  the  paraffin  series,  which  constitute 

*  "  ladnvtrial  Ohemistty,"  Panl's  TransUtioii« 
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natiye  potroleamy  m  well  m  the  prodacte  of  distillation,  are  veiy  largely  employed 
as  sources  of  light  in  lamps. 

Petroleum  occurs  in  many  parts  of  the  earth  as  a  dark-ooloured  inflammable 

liquid,  possessing  a  bituminous  smell,  and  various  degrees  of  density,  from  0*7 
to  1*1.  Some  kinds,  which  are  thin  and  but  slightly  coloured,  are  known  by 
the  name  of  naphtha,  while  other  kinds^  which  are  viscid  and  almost  black, 

are  termed  mineral  tar.  These  different  kinds  of  so-oalled  mineral  oil  occur  chiefly 
in  North  America,  Persia,  the  Gauoasns,  Qeorgia,  Burmah,  the  Carpathians,  Italy, 
some  parts  of  Germany,  and  Switzerland,  as  well  as  in  France  and  England  to  some 
extent 

The  petroleum  of  Pennsylvania  is  a  dark  brownish-coloured  mobile  liquid  having 

a  specific  gravity  varying  from  -782  to  *820,  and  a  peculiar  greenish  fluorescence. 
Some  of  the  American  petroleum  has  a  greater  density — for  instance,  that  known 

as  Mecca  oil,  which  is  a  thick  viscid  liquid  having  a  specific  gravity  of  from  -860  to 
-910,  and  some  of  the  Califomian  petroleum  has  a  specific  gravity  of  -927.  The 
petroleum  of  Canada  has  a  very  offensive  odour,  owing  to  the  presence  of  sul- 

phuretted compounds  which  render  its  purification  diflicult 
In  America,  potroleum  is  obtained  by  boring  deep  wells,  like  artesian  welb, 

until  a  deposit  of  oil  is  tapped,  and  then  it  either  rises  to  the  surface,  and  flow^ 
out  in  intermittent  gushes,  constituting  what  is  termed  a  flowing  well,  or  it  has 
to  be  raised  to  the  surface  by  means  of  a  pump.  The  quantity  obtained  from 
these  wells  is  sometimes  very  large.  One  of  the  great  flowing  wells  at  Enniskillen 
yielded  as  much  as  600,000  gallons  when  first  opened,  but  it  was  soon  exhausted, 
and  the  greater  number  of  wells  yield  only  from  400  to  800  gallons  daily,  thou^ 
some  few  have  yielded  as  much  as  4,000  gallons  a  day. 

In  Wallachia,  petroleum  is  obtained  from  strata  about  thirty  feet  below  the 
surface,  and  the  wells  are  made  by  sinking  square  shafts  lined  with  timber,  like 

rude  water-wells,  and  fitted  with  a  windlass  above,  by  means  of  which  the  petroleum, 
gradually  oozing  into  the  well  from  the  adjoining  strata,  is  from  time  to  time  taken 
out  by  buckets  attached  to  a  rope  wound  upon  the  windlass.  Petroleum  is  also 

obtained  in  this  way  in  Moldavia  and  Galicia  along  the  entire  range  of  the  Car- 

pathians. The  best  suited  for  refining  has  a  specific  gravity  of  about  -803,  bnt 
some  kinds  are  thick  and  much  more  dense,  and  they  are  used  duefly  for  greasing 
cart-wheels,  Ac 

Chemically  speaking,  the  materials  known  as  naphtha,  petroleum,  &o.f  are  all 
very  closely  allied,  inasmuch  as  they  consist  for  the  most  part  of  homologous  liquid 
and  solid  hydro-carbons,  differing  chiefly  in  density  and  volatUity.  The  petroleum 
of  America,  as  well  as  that  of  the  Carpathians,  consists  chiefly  of  substances 
homologous  with  marsh  gas,  many  of  which  have  been  isolated,  and  which  range 

from  gaseous  forms  to  liquids  having  a  boiling-point  of  over  260^  C.  The 
various  kinds  of  petroleum  also  contain  other  liquid  substances  of  still  higher 

boiling-point,  and  of  specific  gravity  sometimes  exceeding  -900.  They  likewise 
contain  in  most  instances  solid  hydro-carbons,  var3ring  in  amount  from  2  to  10 
per  cent,  and  upwards,  together  with  pitchy  and  resinous  substances. 

The  dark-coloured  oily  product  obtained  by  the  destructive  distillation  of  wood, 

peat,  coal,  or  other  bituminous  mineral,  and  commonly  called  tar,  contains  sub- 
stances identical  with  those  existing  in  petroleum,  together  with  resinous  and  pitchy 
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substances,  carbolic  acid,  creasote,  nitrogenous  bases,  <fec.,  the  nature  and  relative 
proportion  of  these  constituents  varying  with  the  kind  of  material  submitted  to 

distillati.pn,  and  with  the  temperature  at  which  the  process  is  conducted.  Distilla- 
tion at  a  moderate  heat,  only  just  sufficient  for  decomposition,  gives  a  larger  amount 

of  tar  than  is  obtained  at  higher  temperatures,  which  have  the  effect  of  decom- 
posing the  oily  products  to  some  extent,  and  of  converting  them  into  permanent 

gas,  while  at  the  same  time  furnishing  tar  of  a  very  different  character.  Thus,  in 
the  manufacture  of  illuminating  gas  by  distilling  coal  at  a  very  high  temperature, 
so  as  to  obtain  the  largest  possible  amount  of  gas,  the  tar  obtained  is  of  a  totally 
different  nature  from  that  which  is  produced  at  a  lower  heat,  and  is  at  the  same 
time  much  smaller  in  quantity. 

In  the  preparation  of  hydro-carbon  oils  for  use  in  lamps,  or  for  other  purposes 
in  the  arts,  the  crude  oil,  whether  obtained  from  wells  or  by  destructive  distillation, 
is  submitted  to  ordinary  distillation  for  the  purpose  of  separating  its  intermediate 
from  its  heavier  and  lighter  portions.  In  this  way,  the  distilled  oil  is  usually 

separated  into  four  classes,  namely  : — 
1.  The  light  volatile  oil,  or  spirit,  known  by  the  name  of  benzoline,  and  its 

oongenerfL 
2.  Oil  suitable  for  burning  in  lamps. 

3.  Oil  having  a  specific  gravity  above  *850,  which  is  used  for  lubricating 
machinery,  Ac 

L  Oil  containing  a  considerable  quantity  of  solid  paraffin,  which  crystallises 
when  the  oil  is  cooled,  either  at  once  or  after  some  time. 

The  oil  used  for  burning  in  lamps  varies  somewhat  in  colour,  smeU,  specific 
gravity,  and  other  physical  characters,  according  to  the  source  from  which  it  has 
been  derived,  as  well  as  to  the  care  with  which  it  has  been  prepeured,  and  it  is 
known  under  a  great  variety  of  designations,  such  as  photogen,  solar  oil,  kerosene, 
paraffin  oil,  besides  other  more  fanciful  names,  indicative  of  a  particular  make 
lather  than  of  any  essential  peculiarity  in  the  oil 

The  applicability  of  these  products  for  burning  in  lamps  is  dependent  upon  the 

temperature  at  which  they  take  fire,  or  give  off  inflammable  vapour.  The  tem- 
perature at  which  the  vapour  given  off  by  a  sample  of  oil  takes  fire  by  contact  with 

a  flame,  or  the  ̂   flashing-point "  of  the  oil,  lies  a  few  degrees  lower  than  that  at 
which  the  oil  itself  takes  fire  and  continues  to  bum.  In  an  oil  of  good  quality, 
the  flashing-point  should  be  above  any  temperature  which  the  oil  will  attain  during 
tiae.  Aooording  to  Chandler,  petroleum,  during  its  consumption  in  glass  lamps, 

^th  a  surrounding  temperature  of  28"*  or  29**  C,  becomes  heated  after  some  hours  to 
30"  or  33**,  and  with  a  surrounding  temperature  of  32"*  or  33^*,  it  becomes  heat-ed  to 
33|"  or  36f  ̂   In  lamps  with  metal  vessels,  the  oil  becomes  heated  to  54** ;  therefore 
such  lamps  are  not  to  be  recommended.  According  to  the  standard  adopted  in 

Great  Britain  and  the  United  States,  the  flashing-point  of  oil  of  good  quality  should 

be  above  37*6*.  Most  of  the  burnings  oil  made  from  petroleum  complies  with  this 
requirement,  but  when  it  is  mixed  with  oil  which  boils  at  a  lower  temperature,  the 
mixture  will  flash  at  a  much  lower  temperature  than  the  mean  of  the  flashing- 
points  of  the  ingredients,  as  is  the  case  with  inferior  kinds  of  oil  met  with  in 

commerce,  and  containing  an  admixture  of  naphtha.  An  oil  flashing  at  45**  0. 
▼oold,  according  to  Chandler,  by  the  addition  of  1  per  cent,  of  naphtha,  have 

M 
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its  flashing-point  lowered  to  39*  ;  by  6  per  cent  of  naphtha,  it  woald  be  lowered  to 
28* ;  and  by  20  per  cent.,  to  4'. 

In  this  country,  ]X)troleitm  is  defined  by  Act  of  Parliament  as  being  any  oil 

which  gives  off  an  inflammable  vapour  at  a  temperature  of  less  than  37*6*,  bnt  ̂ e 
method  at  present  in  use  for  deteimining  this  point  is  very  imperfect^  and  gives 
results  which  are  untrustworthy. 

The  oil  pre|)ared  from  native  petroleum  is  almost  colourless,  but  has  a  slight 

bluish  fluorescence.  It  has  a  specific  gravity  of  about  *810,  and  when  of  good 
quality  only  a  slight  and  lather  aromatic  odour.  It  is  now  entirely  manufactared 
in  America,  and  is  exported  thence  in  very  large  quantities. 

The  oil  obtained  from  bituminous  shale  or  from  coal  is  generally  of  higher 
specific  gravity  ;  it  has  more  colour,  and  a  less  agreeable  smell. 

The  oil  obtained  from  brown  coal  tar,  and  known  by  the  name  of  solar  oil,  i& 

almost  colourless,  with  a  slight  yellowish-green  or  blue  fluorescence.  Its  specific 

gravity  is  from  -825  to  '835.  llie  lighter  and  more  volatile  portion  of  the  oil 
obtained  from  the  same  source,  and  called  photogen,  has  a  specific  gravity  of  from 

-810  to  -825.  The  temperature  at  which  either  of  these  kinds  of  oil  takes  fire 
varies  with  the  specific  gravity,  as  follows  : — 

Photogen      .... »t 

>» Solar  oil 

8p.  GnT. 

Temp.  (C). 

•800 

38- !• 

•806 

37-l«» 

•808 

46-1* 

•824 

GOO** 

•827 

G8-l« 

•830 

760* 

•836 

770*^ 

•846 

920* 

It  may,  therefoi-e,  1>g  laid  down  as  a  general  principle  that  all  the  valuable 
properties  of  petroleum  as  an  illuminant  are  afforded  by  the  ordinary  oil  of 
commerce,  which  is  sold  for  the  purpose  of  burning  in  lamps,  and  which  is  always 
to  be  procured  at  the  market  price  of  the  day,  a  price  which  fluctuates  subject  to 

the  operations  of  **  oil-rings  "  in  America  and  elsewhere.  Such  oil  isr  always  less 
expensive  than  those  which  are  sold  by  dealers  under  various  special  unmeaning 
names,  and  which,  as  a  rule,  have  nothing  but  their  higher  price  to  recommend 
them.  As  regards  security,  that  is  sufiiciently  provided  for,  or  at  least  is  as  much 
provided  for  as  circumstances  will  permit,  by  the  requirements  of  the  Act  of 
Parliament,  which  prohibits  any  petroleum  oil  from  being  sold  by  retail  which  ha$ 

its  flashing-point  below  a  temperature  of  100*  Fahrenheit. 
The  risks  incidental  to  the  use  of  petroleum  oil  are — first^  explosions ;  secondly, 

fires. 

The  oil  itself,  as  has  already  been  explained,  is  little  more  than  a  gaseous  hydi-o- 
carbon  condensed  into  a  liquid  form,  and  capable  of  being  brought  into  the  state  of 
gas  or  vapour  by  a  certain  elevation  of  temperature.  The  resulting  gas  or  vapour 
precisely  resembles  coal  gas  in  this,  that  if  mixed  with  a  certain  proportion  of 
atmospheric  air,  it  will  explode  when  brought  into  contact  with  flame,  or  with 
incandescent  material  of  any  kind.  If  we  have  a  lamp,  partially  filled  vnth 
petroleum  oil,  and  containing  air  above  the  level  of  the  petroleum,  and  if  into  this 
air^  in  consequence  of  the  oil  being  of  too  volatile  a  character,  or  in  consequence 
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of  the  vessel  being  unduly  heated,  the  vapour  of  petroleum  rises,  and  mixes  with 
the  air  in  a  given  proportion,  and  if  then,  by  any  carelessness,  this  mixture  of  air 
and  vapour  is  brought  into  contact  with  incandescent  material,  an  explosion  will  be 

produced.  The  effect  of  such  an  explosion  will  probably  be  to  shatter  the  con- 
taining vessel,  and  to  allow  the  heated  oil  to  escape,  after,  in  all  probability,  it  has 

already  been  ignited  by  the  flash.  The  burning  oil  has  often  inflicted  serious 
injuries  upon  persons  in  the  room,  and  in  some  instances  has  occasioned  fires 
which  have  only  with  difficulty  been  extinguished. 

When  petroleum  was  first  taken  into  common  domestic  use,  explosions  of 
the  kind  just  described  were  by  no  means  infrequent,  and  served  to  bring  the 
oil  into  not  alt<^ether  unmerited  disrepute.  They  were  mainly  due  to  two  sets 

of  circumstances — first,  to  much  of  the  oil  then  sold  having  too  low  a  flashing- 
point,  so  that  the  upper  part  of  the  containing  vessel  was  almost  always  full 
of  dangerous  vapour ;  next,  to  such  a  construction  of  the  lamps  as  rendered  it  easy 
to  turn  down  a  glowing  wick  into  this  vapour  in  careless  attempts  to  extinguish 

them.  The  Petroleum  Act,  by  prescribing  a  safe  flashing-point,  deprived  the  oil  of 
ordinary  commerce  of  its  dangerous  volatility;  and,  at  the  same  time,  lamps 
of  improved  construction  were  so  made  that  they  could  be  extinguished,  even  with 
more  inflammable  oil,  without  risk  of  bringing  glowing  cotton  into  the  receptacle. 
By  the  combination  of  these  two  influences  the  explosion  of  petroleum  lamps 
i.s  now  almost  unknown. 

The  danger  of  petroleum  as  a  source  of  fires  does  not  depend  so  much  upon  the 

liability  to  explosion,  just  noticed,  as  upon  the  tendency  to  produce  a  highly- 
iuflammable  place  where  the  lamps  are  habitually  trimmed.  Petroleum  is  an 
exceedingly  subtle  fluid,  with  a  capacity  for  evading  restraint  which  is  all  its 

own.  It  will  ascend  the  inside  of  the  oil-vessel,  will  make  its  way  through  the 
junction  of  the  burner  at  the  top,  and  will  spread  itself  out  in  a  tfain  film  over 
the  external  surface,  of  any  lamp  in  which  it  is  used.  If  a  drop  falls  upon  wood,  it 
will  creep  into  its  substance  to  a  considerable  depth.  If  a  small  room  or  closet 
is  constantly  used  as  a  place  for  trimming  and  preparing  petroleum  lamps,  the 
small  unavoidable  spillings  of  each  day  will  in  time  saturate  the  floor  and  the 
table  with  oil,  and  will  render  them  prompt  to  catch  fire  from  any  fallen  match 
or  other  bit  of  smouldering  material  A  place  thus  prepared  will  not  only  catch 
fire,  but  will  bum  with  great  intensity,  developing  a  degree  of  heat  which  provides 
for  the  rapid  extension  of  the  flames.  On  this  account,  petroleum  is  dangerous 
on  board  ship ;  where  it  would  probably  be  better  that  its  use  should  be  prohibited 

altogether.  It  is  also  dangei'ous,  though  in  less  degree,  at  railway  stations, 
especially  such  as  are  constructed  chiefly  of  wood.  In  such  situations,  any  closet 

used  as  a  lamp-room  should  be  lined  with  zdnc  or  other  metal ;  but,  in  ordinary 
<loni(»tic  use,  the  danger  may  be  looked  upon  as  non-existent  if  ordinary  care 
is  used.  The  lamps  should  be  trimmed  upon  a  metal  tray,  placed  on  the  table 
of  a  room  used  for  other  purposes,  and  the  work  should  be  done  by  daylight 
The  tray  itself  may  be  wiped  before  it  is  put  away,  and  then  no  specially  inflammable 
place  can  by  any  possibility  be  created; 

In  domestic  use,  a  common  cause  of  leakage  is  the  accidental  overfilling  of  the 

lamps }  and  this  may  be  completely  avoided  by  a  simple  and  ingenious  filling-can, 
invented  and  patented  by  Mr.  Silber,  which  is  shown  in  Fig.  198.     The  curved  part 
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of  ito  Bjioat  coQtaiiu  two  tubee,  the  npper  one  opening  at  the  top  of  the  tnterior, 
the  lower  one  at  the  bottom,  the  former  serving  for  the  entr&noe  of  air,  the  Utter 

for  the  exit  of  oil     The  can  itself  is  filled  by  unscrewing  the  ping  in  the  centre  of 

its  sunken  top,  which  is  then  to  be  screwed  down  again-     The  spout  is  to  be  f^soed 

about  one  indi  inside  the  lamp  reservoir,  and  the  oil  poured  into  the  latter  in  the 

ordinary  way.     As  soon  as  the  oil  in  the  reservoir  rises  to  the  level  of  the  upper 
tube  of  the  spont,  it  closes  the  latter 
to  the  entrance  of  air,  and  no  more 
oil  can  eac^»e.     The  honsdiold  stock 
of    oil  may   be    kept   in  a  metallic 
drum  holding  about  five  gallons,  bom 
irbich  it  can  be  draMm  ont  into  the 
filling-can  by  a  common  tap 

We  come  next  to  a  class  of  iHum- 
nants  in  which  hydrogen  and  caibon 
are  combined  wiUi  oxygen  in  Tarioni 
proportions,  and  which    includes  the 
oils   and   fats  directly  derived   tnm 
the  animal    and  vegetable  kdngdoma 

'*'       ~  "■"■«    ">■  Among    theee,    the    most    importsiit 
oil,  and  that  which  comes  next  to  petroleum,  is  the  so-called  "colxa,"  which  ia 
obtained  by  expression  from  the  seeds  of  several  varieties  of  the  genns  bratfiea, 

called    comprehensively    "  rape-seed,"   but   with    which    other   vegetable    oils   sn 
mixed.     The  vegetable  oils,  as  first  expressed,  contain  a  quantity  of  mucus  and 
other  albuminous  matter,  which  interferes  with  their  nse  in  lamps  by  clogging 
the  wicks  with  {charred  material,  and  which  is  removed,  more  or  less  completely, 
by  various  chemical  processes  which  it  is  not  necessary  here  to  describe.     Coin 
oil   is   less    volatile    than  ordinary  petroleum   oil,  less   inflammable,  more   viscid. 
and   requires   burners  of    different  construction.      It   is   also  considerably  more 
expensive  j  but  its  light  is  generally  of  a  very  agreeable  quality,  it  gives  off  no 
injurious  vapours,  and  its  employment  is  entirely  free  from  risk.      On  acoonnt 
of  these  advantages,  coupled  with  its  lower  price,  it  has  entirely  superseded  sperm 
oil,  procured  from  the  cachalot,  or  sperm  whale,  which  was  once  greatly  prized  as  a 
means  of  domestic  illumination  of  a  superior  kind. 

The  lamps  in  which  petroleum  oil  was  burned  when  it  was  first  introduwd  into 
ordinary  consumption  were  of  a  very  simple  and  inexpensive  character,  and  the  cal 
itself  was  tor  a  long  time  regarded  as  an  inferior  source  of  light,  suitable  for 

cottages,  or  for  the  rooms  occupied  by  domestics,  but  not  adapted  for  the  living- 
rooms  or  reception-rooma  of  the  wealthier  classes.  The  common  petrolenm  lamp 
had  a  single  flat  wick,  of  a  width  varying  with  the  size  of  the  lamp,  and  Has 
wick  was  scarcely  at  all  elevated  above  the  level  of  its  containing- tube.  The 
flame  itself  found  issue  through  a  slit  in  a  sort  of  dome  or  cap,  which  covered 
the  wick-tube,  and  served  to  r^ulate  the  air-supply  in  the  manner  sad  degree 
suited  to  the  requirements  of  the  fuel.  The  lamps  were  apt  to  exude  petrolenm, 
and  in  this  way  to  produce  more  or  less  smell  in  the  rooms  where  they  were  used ; 
and  the  smell  of  extinguishing  them  was  especially  oflensive.  The  lamps  themselves 
were  not  ornamental,  the  oontaining-vesaels  being  usually  blown  of  ohef^  glaa. 
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with  moulded  patterns,  and  the  metal-work  of  the  burners  being  of  the  thinnest 
and  most  trumpery  description. 

The  first  step  in  advance  of  this  state  of  things  was  made  by  Messrs.  TTinlra^ 
of  Birmingham,  who  greatly  improved  the  illumination  afforded  by  petroleum 

hy  the  construction  of  their  '* duplex"  burner,  in  which  the  single  flat  wick 
was  replaced  by  two  -parallel  onea  The  light  given  by  these  lamps  was  so 
much  better  than  any  previously  obtained,  that  it  became  worth  while  to  imprQve 
the  manufacture  of  the  oil  vessels  and  burners,  so  as  to  produce  table  lamps 
of  an  ornamental  character;  and  thiiB  improvement  coincided  with  a  general 
diminution  of  the  fear  of  petroleum  explosions  which  had  formerly  been  not 
onreasonably  entertained.  These  duplex  lamps  found  admission  into  many  good 
houjses,  and  paved  the  way  for  the  improvements  which  have  since  been  made. 

When  Mr.  Silber  first  began  to  devote  his  attention  to  the  best  methods  of 
obtaining  artificial  light,   his    experiments   were   chiefly  or  entirely  made  with 
petroleum;   and  he  succeeded  after  a  time  in  obtaining  two  desiderata,  the  first 

being  a  much-improved  illumination,  the  second  a  convenient  way  of  supplying  the 
fuel  to  the  lamps.     His  original  petroleum  burner  was  an  argand  with  an  internal 
tube,  constructed  upon  the  same  principles  which  he  has  since  applied  so  successfully 

to  the  improvement  of   the  argand  gas-burner,  and  it  was  fed  by  oil  laid  on 
through  tubes  from  a  reservoir,  precisely  after  the  manner  of  ga&     The  lamps  were 
attached  to  wall  brackets, .  and  behind  each  bracket  was  a  small  reservoir,  which 

was  fed  from  the  general  one  to  the  extent  permitted  by  a  stopcock  governed 
by  a  little  float,  which  kept  the  oil  always  at  the  same  level    The  general  reservoir, 
vhich  fed  the  small  ones,  was  at  the  top  of  the  house,  and  had  a  tube  nmning 
down  to  communicate  with  the  sewer,  so  that,  in  case  of  fire  on  the  premises, 
the  large  reservoir  could  be  at  once  emptied  into  the  sewer  by  turning  a  stopcock  on 
this  tube,  and  all  risk  could  in  this  way  be  obviated.     Mr.  Silber  fitted  up  a  portion 
of  his  warehouse  in  Wood  Street  with  oil  lamps  thus  supplied ;  and,  when  any  one 
of  the  lamps  was  extinguished,  inasmuch  as  its  consumption  of  oil  was  stopped,  the 
iloatrgovemed  stopcock  prevented  the  admission  of  any  more  to  the  small  reservoir, 
and  prevanted  wasta     The  arrangement  was  even  more  simple  than  that  commonly 
adopted  for  gas,  because,  in  order  to  prevent  the  escape  of  the  fuel,  it  was  only 

necessary  to  put  out  the  lights  not  even  to  turn  any  tap.      One  three-branch 
chandelier  in  Wood  Street  was  so  constructed  as  to  bum  petroleum  with  one  branch, 
colza  with  another,  and  gas  with  the  third.     A  full  description  of  the  arrangement, 
with   illustrative  sectional  drawings,  was  given  in  the  Journal  of  the   Society 
of  Arts,  with  a  paper  read  by  Mr.  Silber  on  the  21st  of  December,  1870 ;  and  in  this 

paper  be  mentioned  that  the  inspectors  of  the  principal  fire  offices  had  visited  his 

place   of  business,  and  had  pronounced  the   method  of   petroleum-supply  to  be 
in  every  respect  as  safe  as  the  use  of  gas. 

Mr.  Silber  had  to  overcome  -unexpected  difficulties  in  the  method  of  lighting 
referred  to,  on  accotmt  of  the  tendency  of  petroleum  to  exude  through  or  otherwise 

afl^ct  many  metallic  and  other  substances.  It  could  not  be  conveyed  through 

ontuuury  gaspipe,  but  it  was  at  last  found  that  pipes  of  pure  tin  might  be  employed. 
Ihere  was  a  difficulty  of  the  same  kind  in  obtaining  a  suitable  material  for  the 

Scats  to  govern  the  stopcocks,  but  tins  was  overcome  by  the  use  of  thin  porcelain. 

At  present^  the  plan  possesses  no  more  than  a  theoretical  interest,  inasmuch  as 
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Mr.  Silber  is  not  disposed  either  to  work  the  patents  covering  it,  or  to  allow 

them  to  be  worked  by  others.  He  permits  and  recommends  the  arrangement 
in  hothouses,  where  the  self-acting  floats  will  keep  a  petroleum  lamp  or  heating 
ap|>aratus  at  a  anifonn  level  from  night  to  morning,  without  any  attendance 
being  required. 

Mr.  Silber's  argand  petroleum  burners  were  a  considerable  advance  upon 
any  which  had  preceded  them ;  but,  after  a  time,  in  consequence  of  the  demand  for 
flat-flame  burners,  he  extended  his  investigations  to  the  improvement  of  these  also. 
The  flatrflame  burners  manufactured  by  him  are  of  two  chief  kinds,  called  respectivelr 

the  *'  Miratns  "  and  the  <'  Miratus  Duplex.*' 
The  Silber  petroleum  argand  burner  is,  as  already  stated,  almost  identical, 

as  regards  air-supply,  with  the  Silber  argand  gas-burner,  which,  indeed,  was 
modelled  upon  it,  and  owes  its  existence  to  the  experiments  made  in  the  first  instance 
with  petroleum.  In  certain  details  of  construction,  of  course,  the  two  burners 

differ,  in  accordance  with  the  physical  difierences  of  the  fuels  which  they  an^ 
respectively  intended  to  consume. 

By  means  of  the  regulation  of  the  air-supply,  the  combustion  is  so  far  perfected 
that  less  petroleum  oil,  light  for  light,  is  consumed  by  this  burner  than  by  any  other. 

As  compared  with  the  well-known  **  Kosmos  "  burner,  for  example,  which  is  al^  an 
argand,  it  gives  from  3 '5  to  4  more  candles  of  illumination  for  the  same  consumption 
of  oil.  It  also  differs  from  the  "Kosmos"  burner  in  the  an'angement  of  its  air- 
supply,  the  Kosmos  having  only  one  current  of  air  within  the  flame.  The  latest 
form  of  the  Silber  argand  has  an  additional  improvement  in  the  method  of 
introducing  a  new  wick,  which  is  done  from  the  top  of  the  burner  without  removing 
it  from  the  lamp. 

The  Silber  "  Miratus  "  is  intended  to  meet  the  popular  demand  for  a  flat-flame 
single  burner.  It  has  a  single  wick  of  1  f  inch  in  width,  and  is  so  constructed  that, 
according  to  experiments  made  by  the  late  Professor  Valentin,  of  the  Royal  College 
of  Chemistry,  it  affords  the  same  amount  of  light  as  the  original  Duplex,  at  a  some 
what  less  expenditure  of  oil. 

The  Miratus  Duplex  burner  has  two  air  restrictors  of  fine  wire  gauze  within  the 
body,  or,  as  it  is  technically  called,  the  basket,  of  the  burner  j  the  upper  one  being 
arched,  and  the  lower  of  inverted  oonoidal  form.  This  arrangement  not  only  renders 
the  lamp  less  liable  to  smoke  when  carried  about,  but  also  very  much  facilitate 
trimming,  since  the  wicks  only  require  to  be  cut  off  straight,  or  level  with  the  tops 
of  their  containing  tubes.  It  has  been  found  by  experiment  that  with  a  single 

horizontal  air-restrictor  only  twenty-five  candle-light  can  be  obtained  from  this 
burner,  but  the  double  gauze  improves  the  combustion  and  increases  the 
illuminating  power. 

The  extinguisher  of  the  Miratus  Duplex  consists  of  two  tubes,  external  to  the 

wick-tubes  and  surrounding  them,  which  axe  raised  above  the  level  of  the  flame 
by  a  simple  lever,  and  which  can  be  depressed  again  by  its  means.  By  this 
arrangement,  the  brilliancy  of  the  illumination  can  be  diminished  at  pleasure,  by  the 
simple  expedient  of  somewhat  raising  the  extinguisher  tubes ;  and,  when  the  tubes 
are  lowered,  the  flame  will  recover  its  former  brightness.  In  a  quite  recent  form  of 
the  Miratus  a  channel  is  provided  through  which  a  match  can  be  introduced  from 
without,  and   fixed  in   such  a  position  that   it   may  be   ignited   by  raising  the 
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extinguisher  lever.  By  this  oontrivanoe  the  lamp  can  be  lighted  without  removing 

either  the  globe  or  the  chimney-glass,  and  the  match  can  be  withdrawn  as  soon  as 

it  has  fulfilled  its  purf^osa  In  Hinks's  Duplex,  when  the  lever  is  depressed,  the 
flame  is  extinguished  by  two  little  metallic  shutters,  which  are  thrown  over  it 
by  the  action  of  released  springs. 

An  especial  advantage  of  the  Miratus  Duplex  is  that  it  affords  an  equable 
light  for  six  hours  or  more,  while  in  most  other  lamps  the  light  will  diminish  in  the 

same  time  from  twenty-five  to  fifteen  candles.  This  result  is  obtained  by  attaching 
to  the  bottom  of  the  burner,  between  the  two  wicks  which  are  being  consumed,  two 
additional  ones  of  highly  porous  material,  which  reinforce  the  capillary  attraction  of 

the  others^  and  maintain  the  adequacy  of  the  oil-supply  as  the  level  of  the  fluid  sinks. 
The  general  result  of  a  comparison  between  the  Silber  and  other  flat-flame 

burners  appears  to  be  in  favour  of  the  former  on  all  grounds,  the  diflerence  between 
it  and  tlie  best  of  them  not  being  great,  but  sufficient  to  justify  a  preference. 
The  Silber  petroleum  argand  is,  perhaps,  still  better,  but  it  is  not  so  easily  managed 
by  the,  average  servant. 

For  burning  colza  oil,  the  common  moderator  lamp  has  been  widely  .used,  and 

also  the  so-called  "Queen's  Reading-lamp,"  both  of  which  have  common  argand 
biumers.  The  common  Queen's  reading-lamp  is  almost  too  well  known  to  need 
description.  It  is  chiefly  manufactured  by  Stobwasser  of  Berlin,  and  is  sold  by  English 
retailers  at  prices  which  are  much  governed  by  the  locality  of  the  shop.  It  is  made 

in  brass  or  Oerman  silver,  and  the  latter  is  often  electro-plated.  It  is  furnished 
with  a  semicircular  glass  shade,  either  of  white  opal  glass  or  of  green  gla.s8  with  a 
white  lining,  the  former  being  the  best  when  general  illumination  of  the  room  is  to 
be  combined  with  table  lighting,  the  latter  for  table  lighting  only.  Tlie  German 
lamps  are  fitted  with  common  argand  burners,  which  aflbrd  a  light  about  equal  to 
that  of  twelve  candles ;  and  this  amount  can  be  nearly  doubled  by  the  use 
of  Silber  burners  instead.  The  common  burners  will  consume  only  colza  oil, 
while  the  Silber  burners  for  petroleum  can  be  obtained  if  desired ;  but  the 
difficulties  of  overcoming  petroleum  leakage  in  lamps  of  this  class  are  almost 

insuperable,  and  colza  is,  as  a  rule,  much  to  be  preferred  for  them.  To 

these  lamps  Mr.  Silber  has  applied  his  argand  burner  with  the  same  success 
as  in  other  directiona  Except  in  points  of  detail,  it  does  not  difler  from  the 

Silber  ai*gand  for  gas  or  for  petroleum;  its  peculiarity  being  the  inner  tube, 
which  forms  an  inner  central  air-current,  and  the  metal  cone  which  directs  tlie 
three  air-currenta,  the  one  without  and  the  two  within  the  flame,  to  thoSe  parts  of 
it  where  they  will  exert  the  most  favourable  influence  upon  the  combustive  process. 
The  light  thus  obtained  is  greatly  in  excess  of  that  which  is  afforded  by  the  common 
burner,  bat  the  particulars  of  the  various  kinds  of  illumination  will  be  most  fitly 
dealt  with  in  instituting  a  comparison  between  them  all. 

In  order  to  do  this,  it  will  be  well  to  commence  by  a  reference  to  candles,  the 
favourite  illuminating  agents  of  the  early  part  of  the  present  century,  and  which 

for  some  purposes,  still  hold  their  ground  in  public  favour.  The  best  candles  are 

the  so-called  **  sperm,"  which  are  used  for  testing  the  quality  of  gas  under  various 
Acts  of  Parliament,  and  each  of  these  candles  consumes  an  average  of  120  grains  of 

fuel  per  hour.  The  average  cost  of  sperm  candles  is  2$.  6(L  for  a  pound  weighing 
7,000  grains. 
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Let  it  be  snppoaed,  as  a  bana  of  oalculation,  that  a  nnifonn  light  of  twenty 
candles  is  required  for  a  period  of  100  hours.  The  oost  of  obtaining  it  by  different 
forms  of  fuel  would  be  as  follows : — 

Twenty  sperm  oandlee  would  bum  2,400  grains  per  hour,  or  a  total  of  240,000 
graina  This  amount,  divided  by  7,000,  the  number  of  grains  in  a  pound,  gives 

34*28  lbs.,  or  a  oost  of  £4  6$,  9d,  Oiokerit  candles,  which  oost  a  shilling  a  pound, 
would  yield  the  same  result  for  £1  14«.  3d 

Colsa  oil,  burned  in  moderator  lamps  with  Mr.  Silber^s  burner,  is  oonsnmed, 
according  to  tlie  experiments  of  Professor  Valentin,  at  the  rate  of  49  grains  for 

each  candle-light  per  hoiur.  This  would  give,  for  twenty  candles  for  100  hours,  a 
total  consumption  of  98,000  grains,  or  an  expense,  reckoning  9  lb&  to  the  gallon 
and  3a  6dL  per  gallon  as  the  price,  of  5a  5dL  Ordinary  moderators  oonsiune 

65  grains  per  candle-light  per  hour ;  and  with  them  the  cost  would  therefore  be 
7a  2<i  for  the  same  result. 

Petroleum  oil,  also,  when  burned  in  Silber  burners,  is  consumed  at  the  rate  of 

48  grains  per  hour  for  each  candle-light,  so  that  84,000  grains  would  be  required 
for  the  twenty  candles  for  100  hours.  Tliis,  at  1«.  4<i  per  gallon  of  eight  pounds, 
would  cost  2«.  As  between  the  solid  and  liquid  fuels,  therefore,  candles  are  a  veiy 
costly  luxury  when  compared  with  colza  oil,  and  this  again  is  two  tfnd  a  half  times 
the  price  of  petroleum. 

The  means  of  extending  the  comparison  to  gas  are  afforded  by  the  Report  which 
has  already  been  so  largely  quoted.  Gas  in  London  costs  Zs,  4<i  per  thousand  cubic 
feet,  and  we  have  seen  that  this  gas,  when  burned  in  the  tubular  azgand  of 
Mr.  Silber,  or  in  the  argand  burner  of  Mr.  Sugg,  which  is  nearly  as  good,  affords 

•  a  light  equal  to  that  of  18*6  candles  for  a  consumption  of  5  cubic  feet  per  hour. 
It  follows  that  the  light  of  twenty  candles  for  100  hours  would  be  afforded  by  a 

consumption  of  537  cubic  feet,  which  would  cost  Is.  9^d,  The  best  of  the  flat-flune 

burners  gave  16*2  candle-light  for  the  consumption  of  5  cubic  feet  of  gas;  so  that 
for  twenty  candles  for  100  hours  the  consumption  would  be  617  cubic  feet^  at  a  cost 
of  2<.  OfdL  Against  the  economy  of  argand  burners,  whether  for  gas  or  for 
petroleum,  it  has  to  be  considered  that  their  use  is  attended  by  expenses  incidental 

to  the  breakage  of  chimney-glasses,  not  ojjij  from  accident  or  carelessness  but  also 
from  defective  annealing.  I  have  seen  the  chimney  of  an  argand  ga»-bumer  crack 
in  the  middle  of  the  day,  when  nobody  was  touching  it^  merely  from  molecular 
changes  incidental  to  variations  in  the  temperature  or  moisture  of  the  atmosphere. 
It  would  be  very  difficulty  if  not  impossible,  to  reduce  such  accidents  to  anything 
which  could  be  called  an  average. 

Such  being  the  facts  with  regard  to  relative  cost,  it  is  next  necessary  to  inquire 

into  other  features  of  each  fuel  which  may  properly  be  made  the  subjects  of  com- 
parative statement  It  has  already  been  mentioned  that,  soon  after  gas  came  into 

general  use,  it  had  to  be  abandoned  in  many  places,  such  as  clubs  and  public  libraries, 
on  accotmt  of  its  injurious  effects  upon  books,  pictures,  and  furniture ;  and  candles 
were  again  taken  into  favour  and  are  still  employed  in  some  of  «uch  places.  In  the  Paris 
Opera  House,  according  to  the  Times  of  October  10, 1882,  the  introduction  of  Swan 

electric  lamps  has  been  most  prominent  in  iAte/oyer,  "  the  extremely  elaborate  decora- 
tions of  which  have  been  entirely  spoilt  by  the  ruthless  effects  of  ga&"  If  we  examine 

the  gas-burners  which  were  abandoned  many  years  ago,  and  ascertain  what  was  their 
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ilinminatiiig  power,  we  shall  find  that  in  order  to  afford  twenty  candle-light  for  an  hour 

they  had  to  consume,  or  waste,  at  least  12-5  cubic  feet  of  gas,  or  more  than  7  cubic 
feet  in  excess  of  the  quantity  now  required,  with  the  best  argands,  to  produce  the 
same  effect  It  is  therefore  obvious  that  a  large  amount  of  gas  was  either  wholly 
wasted,  or  at  best  liberated  into  the  air  of  rooms  in  a  partially-consumed  condition, 
which  substituted  various  noxious  compounds  for  the  carbonic  acid  and  water  which 
are  the  results  of  finished  combustion.  It  was  no  doubt  on  account  of  these  noxious 

compounds,  rather  than  on  account  of  any  results  necessary  to  its  use,  that  gas  fell 
into  comparative  disrepute ;  and  it  will  probably  be  found  that  l>etter  methods  of 
burning  will  at  least  produce  a  great  diminution  of  such  disadvantages,  even  if  they 
do  not  entirely  obviate  them. 

It  must  not  be  forgotten  that  gas,  when  first  introduced,  was  at  once  used  in 
sach  quantities  as  to  afford  a  much  larger  amount  of  light  than  had  ever  been 
expected  firom  wax  or  sperm  candles ;  and  that,  if  wax  candles  had  been  used  in 

suflSicient  quantities  to  produce  as  much  light  as  was  expected  from  gas,  the  dele- 
terious effects  of  their  combustion  would  have  been  very  appreciabl&  We  have 

seen  that  120  grains  of  sperm  are  required  to  afford  the  same  amount  of  light  which 
is  given  by  42  grains  of  petroleum  ;  and  it  is  clear  from  this  that  something  like 

78  grains  of  the  solid  fuel  must  be  dissipated  every  hour,  in  a  more  or  less  uncon- 
Bomed  condition,  through  the  air  of  the  apartment  Persons  whose  respiratory 
organs  are  sensitive  rapidly  discover  the  presence  of  too  many  lighted  candles  in 

a  room  (too  many,  that  is,  either  for  the  cubic  space  or  for  the  quantity  of  air- 
supply),  by  reason  of  a  peculiar  stuffy  sensation  which  is  produced  by  inhaling 
particles  of  unconsumed  and  minutely-divided  carbon ;  but  it  has  to  be  remembered 
that,  in  the  case  of  gas,  there  will  not  only  be  this  source  of  discomfort,  but  also 
the  presence  of  sulphur  compounds  from  which  candles  are  free.  It  is  the  sulphur, 
in  all  probability,  which  confers  upon  gas  its  power  of  injuring  inanimate  substances ; 
and  it  is  hence  that  gas,  notwithstanding  its  convenience  and  economy,  continues  to 
he  objectionable  for  rooms  which  contain  books,  paintings,  sculpture,  or  valuable 
fumitore  of  any  kind.  Science  has  done  much  to  diminish  the  objections  ta 
its  use  by  means  of  improved  burners,  but  there  are  as  yet  no  facts  to  show  what 
degree  of  success  has  been  obtained.  The  danger  has  been  diminished,  certainly 
in  some  d^;ree,  and  perhaps  in  a  very  great  degree  if  due  regard  be  had  to 
the  relative  proportion  between  the  amount  of  illumination  and  the  cubic  space 
of  the  room,  as  well  as  to  the  arrangements  for  renewal  of  the  contained  air  by 
Tentilation ;  but  it  is  likely  to  be  long  before  the  proprietors  of  perishable  articles  of 
ralue  will  be  content  to  expose  them  to  even  the  smallest  possible  injury  which  gas. 

lights  may  effect  I  am  acquainted  with  a  country  house  in  which  a  drawing-room 
containing  many  rare,  choice,  and  beautiful  things  is  lighted  by  gas  in  a  manner 
which  allows  no  injury  to  be  done,  but  which  could  only  be  accomplished  where,  as  in 
the  instance  in  question,  there  is  no  other  room  above.  In  this  case  the  upper 
portion  of  the  walls  is  curved,  in  such  a  manner  that  the  ceiling  is  somewhat  smaller 

than  the  floor-space,  and  this  ceiling  is  of  ground  glass.  The  gas-lights  are  placed 
above  the  ground  glass  ceiling,  in  a  chamber  of  which  it  forms  the  floor,  and  a  flood 

of  soft  light  is  diffused  downwards,  without  heat,  without  smell,  without  contamina- 
tion of  the  air,  and  without  the  possibility  of  injury  either  to  the  health  of  living 

beings  or  to  the  perfection  of  works  of  art 
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The  dangers  which  were  once  iucidental  to  the  use  of  petroleum  may  now  be 
regarded  as  wholly  belonging  to  the  past,  and  have  l>een  sufficiently  referred  to  in 
the  context,  unless  it  be  to  point  out  that  a  petroleum  lamp  may  at  any  time  be 
rendered  offensive,  or  even  dangerous,  by  a  servant  who  does  not  understand  its 
management  When  properly  trimmed  and  properly  lighted  (and  these  conditions 
are  very  simple  and  easy  of  fulfilment),  the  lamp  gives  a  sustained  and  brilliant  li^t 
without  smell ;  but  a  small  departure  from  the  proper  positions  of  the  wicks  will 

occasion  a  very  disagreeable  and  peneti-ating  odour,  and  the  accidental  omission  to 
light  one  of  the  wicks  of  «  duplex  burner  has  before  now  occasioned  an  explosion. 
It  has  been  already  said  that  petroleum  is  almost  identical  in  composition  with  gas, 

from  which  it  differs  chiefly  in  i-etaining  the  fluid  form  at  ordinary  temperatures ; 
and  it  follows  that  it  is  scarcely  mora  to  be  recommended  than  gas  itself  for  the 
lighting  of  rooms  in  which  very  valuable  property  is  contained. 

It  i*emains  to  consider  whether  colza  oil  is  a  more  desirable  illuminating  agent 
than  any  of  the  foregoing ;  and,  if  we  take  into  consideration  that,  with  the  Silber 
argand  burner,  its  waste  is  brought  within  very  narrow  limits,  there  can  be  little 
question  that  it  offers  advantages  for  all  places  where  it  is  of  paramount  importance 
to  avoid  the  suspicion  or  possibility  of  risk  to  life  or  to  property.  The  figores 

already  given  show  that  colza  is  an  expensive  lamp-fuel  as  compared  with 
petroleum  ;  and  it  may  be  added  that  the  lamps  in  which  it  can  be  consumed  with 
advantage  are  necessarily  of  a  more  expensive  construction,  and  that  they  also 
require  more  time  and  care  in  trimming,  and  in  keeping  them  clean  and  in  good 
order.  Notwithstanding  this,  when  it  is  considered  that  no  danger  can  arise  in 
connection  with  their  use,  and  that  the  light  which  they  afford  is  as  pure  and 
brilliant  as  can  be  desired,  there  is  little  more  to  be  said  than  that  they  are  the 
best  of  all  lamps  when  expense  is  a  secondary  consideration,  and  when  purity  of 

atmosphere  is  of  the  first  importance.  Ck>lza  oil  differs  from  petroleum  in  contain- 
ing oxygen  as  one  of  its  ingredients,  so  that  it  may  to  some  extent  be  said  to  carry 

with  it  its  own  supporter  of  combustion,  and  to  be  somewhat  less  dependent  than 
any  other  oil  upon  the  quantity  of  atmospheric  air  which  gains  access  to  its 
flama 

There  is  a  lamp  of  recent  introduction  which  is  not  without  some  merit,  and 
which,  therefore,  deserves  brief  notice.  It  is  manufactured  in  America,  from  a 

design  which  was  originally  French,  and  is  sold  as  the  "  Empress  "  lamp.  It  has  a 
flat  wick,  and  bums  petroleum  without  a  chimney,  the  regulation  of  the  air-8upi>ly 
being  effected  by  the  rapid  revolution  of  a  fan,  which  is  situated  beneath  the  flame, 
and  \b  worked  by  clockwork.  The  Empress  lamp  give*  a  flame  of  very  pure  white 
colour,  and  the  vase,  which,  in  all  the  specimens  I  have  seen,  is  nickel-plated,  is  of 
good  design.  Its  ftiults  are  a  large  consumption  of  ̂ el  for  light  given,  and  a  rapid 
decrease  in  the  amount  of  light  after  the  first  hour ;  while  the  whirr  of  the  hn  and 
its  clockwork  are  very  objectionable  to  sensitive  people.  Moreover,  if  the  clockwork 
happens  to  run  down  while  the  lamp  is  still  burning,  the  flame  immediately  begins 
to  smoke ;  and,  if  this  chanced  to  occur  when  there  was  nobody  in  the  room,  the 
result  would  be  eminently  disagreeable.  The  lamp  starts  with  an  illumination  eqnal 
to  twelve  candles;  and  this,  after  an  hour,  soon  falls  to  about  eight,  at  which  point 
it  remains  nearly  stationary  until  the  clockwork  stops  or  the  oil  is  consumed  The 

-I'yjkwork  is  said  to  run  for  thirty  hours  when  fully  wound,  but  this  has  scarcely 

I 
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been  true  of  the  lamps  which  I  have  seen  in  action,  and  is,  indeed,  a  much  longer 
time  than  could  be  either  necessary  or  desirabla  The  flame  is  usually  covered  by 
some  kind  of  glass  shade,  of  a  shape  adapted  to  the  tastes  or  wants  of  the  purchaser ; 
and  it  may  be  said  of  the  lamp,  in  a  general  way,  that  it  may  be  used  when  only 
moderate  illumination  is  necessary,  and  when  the  noiae  it  not  objected  ta  This 
noise  may,  of  course,  he  very  much  damped  by  placing  the  lamp  upon  a  thick 
tablecloth  of  some  woollen  material  With  a  graceful  shade,  the  lamp  is  a  pleasing 
object ;  but  against  this  must  be  set  the  largeness  of  its  consumption  of  oil,  which  is 
not  only  wasteful,  but  also  a  source  of  contamination  to  the  atmosphere. 

Of  lamps  as  articles  of  decoration,  this  treatise  is  hardly  the  place  to  speak,  and 
it  is  sufficient  to  say  that  the  burners  already  mentioned  can  be  obtained  attached  to 
vases  of  all  materials,  and  of  every  degree  of  beauty  and  ugliness.  Silver  or  plated 
metal,  real  or  imitation  bronze,  glass,  and  china,  form  the  most  ordinary  materials  ; 

and  one  lamp-dealer  appears  to  enjoy  a  monopoly  of  the  sale  of  lamps  attached  to, 
or  supported  by^  stuffed  birds  or  animals.  It  will  be  conceded,  I  presume,  by  the 
majority  of  people,  that,  as  birds  and  beasts  do  not  support  lamps  when  living,  it  is 
questionable  taste  to  make  them  do  so  when  dead  ;  and  a  polar  bear,  holding  a  lamp 
in  one  paw  and  hugging  a  turkey  with  the  other,  has  always  appeared  to  me  to  be 
a  triumph  of  grotesque  unfitness  and  ugliness.  This  sort  of  thing  has,  nevertheless, 
its  attractions  for  some  people ;  and  I  know  of  no  right  on  the  part  of  others  to 
quarrel  with  them.  Whether  any  given  taste  be  good  or  bad,  it  is  at  least  certain 
that  in  London  it  can  be  indulged  to  the  utmost. 
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CHAPTER  XLVL 

ORNKRAL      CONCLUSIONS. 

Gm  not  adviflable  tot*  House* —EtiIj  of  a  Small  FUme  in  Bed-roonu—Oil  Lamps  for  Beoeption-roooifl— 
Phyaologioal  Brfls  of  Wm.nging  Lunpt— Colonred  light— Beading  and  Study  Lamps— Metbodi  of 
Diminishing  the  Heat  of  Lamps. 

On  a  review  of  the  whole  sabject  it  would  seem  that,  althongh  the  many 
oonvenienoes  attendant  upon  the  use  of  gas  will  always,  or  at  least  until  the 

electric  light  is  more  generaUy  available,  render  it  the  best  means  of  illuminAtion 
for  shops,  ̂ ustories,  warehouses,  theatres,  and  public  buildings  and  places  generally, 
yet  that  for  private  houses  its  use  may  with  advantage  be  limited  to  the  basement^ 
offices,  and  staircases.  Its  introduction  into  bed-rooms  ia  very  undesirable  from  a 
sanitary  point  of  view,  since  it  consumes  much  oxygen,  and  therefore,  if  habitually 
lighted  by  the  servants  before  the  members  of  the  family  retire  to  rest,  it  vitiates 

the  atmosphere  of  the  bed-rooms  before  the  time  comes  when  that  atmosphere  is  to 
be  called  upon,  generally  with  very  imperfect  arrangements  for  its  renewal,  to 
supply  the  respiratory  wants  of  the  sleepers.  It  is  a  common  error  to  suppose 
that  the  extent  of  this  vitiation  is  so  small  as  to  be  of  no  moment,  when  the  gas 
flame  itself  is  very  smaU,  turned  down  so  low  as  to  be  just  visible,  and  left  thus  as  a 
mere  matter  of  convenience,  in  order  that  it  may  be  turned  up  without  the  trouble 
of  lighting  when  it  is  required.  A  small  flame  does  not,  of  course,  consume  ao 
much  oxygen  as  a  large  one,  neither  does  it  produce  so  much  carbonic  acid,  nor  so 
much  elevation  of  temperature.  On  the  other  hand,  the  imperfect  combustion 
which  is  an  incident  of  a  small  flame  means  that,  instead  of  carbonic  acid  and 

water,  the  air  becomes  loaded  with  partially-burnt  hydro-carbons  and  other  noxions 

products;  and  any  one  with  a  fine  sense  of  smell,  and  a  sensitive  I'cspiratory 
surface,  who  goes  into  a  room  which  has  been  shut  up  with  a  small  gas-flame  left 
burning  in  it^  will  instantly  perceive  the  very  objectionable  character  which  has 
been  conferred  upon  the  contained  air.  Of  course,  it  is  still  worse  when  a  bed-room 
gas-burner,  turned  down  to  its  lowest  point,  is  made  to  do  duty  for  a  night-light^ 
and  to  continue  its  process  of  air-poisoning  until  the  morning. 

For  bed-rooms,  generaUy  speaking,  there  can  be  no  doubt  that  candles  are  the 
best  illuminants,  and  a  pair  of  candles  on  the  mantelpiece,  and  another  pair  on  the 

dressing-table,  with  a  box^of  safety  matches  in  a  known  position,  where  tiiey  can  be 
found  in  a  moment,  leave  nothing  to  be  desired  in  the  way  of  convenienca  When 
more  light  is  required,  as  when  a  lady  is  dressing  for  the  evening,  a  lamp  in  any 
convenient  position,  and  the  addition  of  candles  to  the  sconces  attached  to  the 

dressing-mirrors,  will  be  sufficient  for  all  purposes.  For  the  night,  a  candle  and 
safely  matches  upon  a  bedside  table,  which  will  render  it  possible  to  obtain  a  light  in 
a  moment  if  it  is  required,  are  much  to  be  preferred  to  the  use  of  a  night>-light  The 
latter  not  only,  in  some  degree,  vitiates  the  air,  but  it  also  takes  away  what,  for 
many  people,  is  an  essential  condition  of  the  deepest  and  most  refreshing  sleep, 
namely,  darkness.     It  is  well  to  accustom  children  to  sleep  in  the  dark  from  their 
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e&rliest  years,  before  the  foolish  fears  and  fancies  so  often  connected  with  it  have 
had  time  to  be  put  into  their  heads  by  mischievous  or  superstitious  people. 

Besides  the  places  already  enumerated,  the  only  rooms  in  which  I  would  have 

gas  in  an  ordinary  dwelling-house  are  those  in  which,  on  account  of  some  pursuit 

or  occupation  carried  on  in  them,  light  is  liable  to  be  requii'ed  unexpectedly  and  at 
odd  times.  For  example,  I  have  gas  in  my  own  consulting-room,  because  there,  on 
any  dark  morning,  I  may  desire  to  light  up  the  objects  which  are  used  as  tests  for 
the  acuteness  of  vision,  and  to  vary  the  amount  of  light  with  precise  reference 
to  the  degree  of  the  external  deficiency. 

In  the  lighting  of  reception-rooms,  or  rooms  for  general  family  use,  oil  lamps 
are  by  &r  the  most  desirable  means  of  any  which  are  now  available;  and,  as 
already  stated,  colza  lamps  should  be  preferred  to  petroleum  for  rooms  of  very 
choice  contents,  or  in  which  cost  is  a  secondary  consideratioiL  The  absolute 
amount  of  light  employed,  and  the  manner  of  its  distribution,  must  vary,  of  course, 
with  the  nature  of  the  occasion  and  with  the  uses  to  which  the  room  is  habitually 
applied;  but  several  conditions  at  once  suggest  themselves.  There  is  the  lighting  for 
the  reception  of  company,  ao  for  an  evening  entertainment,  the  lighting  of  a  room 
for  a  smaller  circle,  assembled  to  talk,  or  to  hear  music,  or  at  least  not  to  follow 
any  definite  occupation,  the  lighting  of  a  room  for  dinner,  and  the  lighting  for  that 

daily  use  in  which  some  members  of  a  family  may  desire  to  read,  to  write,  or  other- 
wise to  apply  their  eyes  to  near  objects,  while  others  are  content  to  be  unemployed. 

There  is  also  the  lighting  of  a  room  for  the  purposes  of  study,  whether  it  be  the 
library  of  an  adult  or,  what  is  still  more  important,  the  room  in  which  children 

prepare  their  lessons  by  the  aid  of  small  and  badly-printed  books. 
In  lighting  up  a  room  for  an  evening  entertainment,  as  a  dance  or  a  con- 

versazione, the  objects  to  be  secured  are  that  the  light  should  be  sufficient  to 
exhibit  the  beauties  of  women,  of  dress,  of  jewels,  and  of  any  pictures  Or  other 
attractive  objects  upon  the  tables  or  walls ;  while  at  the  same  time  it  should  not 
occasion  distress  by  being  excessive  in  amount^  or  by  the  direction  of  its  rays.  It 
should  also  be  of  the  purest  colour,  the  nearest  to  sunlight  that  is  attainable 

For  the  fulfilment  of  these  requirements,  in  any  establishment  of  sufficient  size, 
I  should  make  an  exception  to  my  objection  to  gas,  and  should  recommend  its  use 

in  the  form  of  the  albo-carbon  light,  already  described  as  being  employed  at  the 
Westminster  Aquarium. 

For  evening  entertainments  in  ordinary  dwelling-houses,  the  chief  question  is 
whether  the  light  should  be  furnished  by  lamps  pendent  from  the  ceiling,  or  attached 
to  the  walls,  or  by  both  these  methodis  combined.  With  regard  to  the  amount  of 
illumination,  it  is  not  .possible  to  frame  any  rule  about  the  proportion  which  this 
should  bear  to  cubic  space,  because  so  much  will  depend  upon  the  texture  and  colour 
of  the  wall-surfaces  and  of  the  contents  of  the  apartment  A  room  of  generally 
dark  tone  would  bear,  or  even  require,  twice  as  much  light  as  one  in  which  the 
opposite  condition  prevailed. 

Where  the  height  of  the  room  is  sufficient,  the  best  method  of  lighting  is  by 
hunps  suspended  from  the  ceiling,  and  these  may  be  either  single  or  combined  in 
chandeliera  The  two  essential  conditions  of  success  are  that  they  should  be  high 

enough  to  be  quite  above  the  heads  of  even  the  tallest  dancers,  and  that  they  should 

bttrn,  witiumt  marked  diminution  of  lights  necessity  for  trimming,  or  risk  of.  smell. 



478  OUR  HomBL 

for  a  time  longer  than  any  during  which  their  iUamination  coiild  poesibly  be  re- 
quired. The  last-mentioned  condition  would  be  fulfilled  by  either  colza  or  pekY)Ieum 

lamps,  with  reaervoirB  of  ordinary  size  and  Silber  burners.  It  is  of  course  necessary 
to  see  that  the  reservoirs  are  properly  filled  at  the  beginning  of  the  evening,  sijice 
nothing  would  be  a  greater  nuisance  than  to  have  lamps  removed  during  a  danoe 
for  the  purpose  of  refilling  them. 

The  advantage  of  the  central  illumination  afforded  by  suspended  lamps  is  tbat 
it  so  well  exhibits  pictures  upon  the  walls  ;  but,  where  there  are  no  pictures  of  any 
special  attraction,  or  where  the  central  illumination  is  insufi&cient,  this  may  Ije 
reinforced  by  wall  lights.  For  these,  candles  should  never  be  used ;  since,  when  a 
room  becomes  much  heated,  and  the  wax  or  stearine  of  which  they  are  composed 
much  softened,  it  melts  in  excess  of  the  combustion,  and  is  apt  to  drop  upon  guests 
who  are  standing  beneath.  This  trouble  may  be  entirely  avoided  by  the  use  of 
lamps,  and  lamps  are  now  made  fitted  to  wall  sconces,  the  latter  being  of  every  kind, 
from  the  plainest  and  simplest  to  the  most  elaborate  and  the  most  ornamental 
Silver,  brass,  glass  mirrors  framed  in  velvet,  and  china,  of  all  degrees  of  costliness, 
furnish  the  materials  of  sconces  such  as  may  now  be  seen  wherever  such  things  are 
exhibited.  On  the  whole,  I  think  the  preference  should  be  given  to  glass  murors 

as  the  main  element  in  sconces,  on  account  of  their  effect  in  distributing  the  illu- 

mination more  widely  than  other  matei-ials ;  and  the  framing,  whether  in  velvet,  in 
coloured  glass,  or  in  china,  should  be  governed  by  the  other  decorations  with  which 

they  are  required  to  harmonise,  and  by  the  general  chai'acter  of  the  room  in  which 
they  are  hung. 

The  number  of  suspended  lamps  inust  be  regulated,  of  course,  mainly  by  the 
size  and  shape  of  the  room,  with  a  view  to  the  attainment  of  symmetry  and 

harmony  of  effect ;  and,  when  as  many  have  been  placed  as  will  fulfil  this  indica- 
tion, they  must  be  lighted  with  a  view  to  ascertain  the  sufficiency  of  the  illumination. 

Taking  my  own  drawing-room  as  an  illustration,  I  have  four  suspended  lamps,  one 
hanging  from  the  centre  of  the  ceiling,  one  in  each  of  three  divisions  of  a  bow- 
window.  These  four  are  sufficient  for  a  conversation  light,  but  would  not  be 
enough  for  dancing,  or  for  the  comfortable  pursuit  of  any  occupation,  such  as 

reading,  embroidery,  or  even  card-playing,  the  light  being  to  some  extent  wasted  by 
the  absorption  effected  by  dark  walls  and  dark  fumitura  No  more  hanging  lan]])s 

could  be  introduced  without  producing  an  effect  of  over-crowding,  so  that  any 
additional  light  required  for  other  purposes  must  be  supplied  in  other  waya  Up- 

right or  vase  lamps  upon  tables,  or  upon  special  stands  made  to  carry  them,  candles, 
and  lamp-sconces  for  the  walls,  are  the  chief  resources.  The  latter  would  only  be 
used  for  dancing;  the  candles  would  be  the  best  for  card-tables  and  music- 
stands  ;  and  the  upright  lamps,  suitably  shaded,  for  most  other  occupations  in 

which  the  occupants  of  a  drawing-room  are  likely  to  be  engaged. 
Whenever  suspended  lamps  are  employed,  either  to  bum  gas  or  oil,  it  is  neces- 

sary to  consider  carefully  the  ventilation  of  the  apartment  The  air  which  is 
vitiated  by  respiration  and  warmed  by  the  human  lungs  has  a  tendency  to  rise : 
for,  although  its  weight  is  increased  by  the  addition  of  carbonic  acid  gas,  the 
increase  is  more  than  counterbalanced  by  the  diminished  density  due  to  elevation  of 

temperature.  In  the  daytime,  in  all  probabilily,  such  expired  air  ascends  nearly  or 
quite  to  the  ceiling-level.      At  night,  however,  if  there  are  hanging  lamps  at  the 
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height,  say,  of  six  or  seven  feet  from  the  floor,  the  superheating  of  the  air  above 
them  produces  a  hotter  and  lighter  stratum,  into  which  the  merely  warmed  expired 
air  cannot  penetrate,  except  slowly  by  diffusion ;  and  hence  the  effect  of  the  lamps 
is  almost  to  bring  down  the  ceiling  to  the  level  of  their  flames,  and  practically  to 
diminish,  to  this  extent,  the  cubic  space  immediately  available  for  respiratory 

purposes.  Lamps  at  the  table-level  produce,  of  course,  some  heating  of  the  air  above 
them ;  but  their  effect  is  not  nearly  so  perceptible.  In  the  first  place,  they  have 
more  cubic  feet  of  air  to  heat ;  and,  in  the  next  place,  the  expired  air  is  expelled  from 
the  lungs  actually  into  their  heated  stratum,  instead  of  into  a  lower  and  cooler  one. 
Hence  it  becomes  mingled  with  the  heated  air,  instead  of  being  imprisoned  below  it, 
as  when  suspended  lamps  are  used  without  adequate  means  of  ventilation.  It  is  a 
matter  of  common  observation  that  rooms  with  suspended  lamps  become  much  more 
heated  than  others  in  which  only  table  lamps  are  used ;  but  the  reason  of  the 
difference,  although  obvious  enough  when  once  it  is  pointed  out,  is  far  less  generally 
recognised. 

A  few  years  ago,  in  the  infirmary  of  one  of  the  metropolitan  workhouses,  many 

deaths  occurred,  which  were  ascribed  by  coroners'  juries  to  suffocation,  and  in  which 
the  cause  of  the  suffocation  was  mainly  the  contraction  of  the  otherwise  available 
cubic  space  of  the  ward  by  the  superheating  of  the  upper  half  of  it  by  suspended 
gaa-bumers. 

Whatever  source  of  light  may  be  employed,  whether  gas,  petroleum,  or  colza  oil, 
the  colour  of  the  flame  may  be  controlled  at  pleasure  by  the  use  of  coloured  globes  or 

chimneys ;  and  in  this  way  many  pleasing  effects  may  be  produced.  The  character- 
istic of  all  artificial  light  is  that  it  is  poor  in  violet  when  compared  with  daylight ; 

and  the  first  attempts  to  supply  colour  for  illuminating  purposes  were  in  the  direction 
of  blue  chimneys  and  blue  globes  or  shades,  by  which,  it  seems  to  have  been  thought 
by  some,  the  want  of  violet  could  be  supplied.  It  will  be  evident,  upon  brief 
reflection,  that  the  blue  glass  supplies  nothing,  and  only  transmits  blue  light  by 
intercepting  the  other  colours  of  the  spectrum.  If  the  artificial  light  is  poor  in 
violet  to  begin  with,  all  that  can  be  done  by  the  glass  is  to  display  the  small  amount 
of  blue  which  it  contains,  by  suppressing  the  red  and  the  green ;  and  hence  the  total 
of  the  resulting  illumination  is  very  small  indeed.  In  order  to  obtain  light  enough, 
from  a  gas  or  oil  flame  from  which  the  red  and  green  are  thus  filtered  out,  it  is 

necessary  to  have  flame  enough  to  yield  blue  light  enough  for  the  required  pui*pose ; 
and  this  means  a  number  of  burners,  a  large  consumption  of  fuel,  and  a  great 
elevation  of  temperature.  To  all  this  there  may  be  no  objection,  if  the  question  of 
cost  is  unimportant,  and  if  there  is  plenty  of  ventilation.  The  point  to  remember 
is  that  blue  light  cannot  be  obtained  from  gas  or  oil  by  the  use  of  any  coloured 
media^  unless  the  total  illumination,  from  which  the  blue  light  is  to  be  taken,  is  of 
itself  much  in  excess  of  the  requirements  of  the  position.  If  it  were  possible  to 
emich  artificial  light  with  violet,  as  might  possibly  be  done  by  the  introduction  of 
aome  preparation  of  cobalt  into  the  fuel,  the  existing  prepondeiunce  of  red  and 
green  would  be  rectified  in  the  only  proper  manner. 

For  the  purposes  of  general  illumination,  however,  blue  light  would  seldom  be 

required.  It  gives,  as  a  rule,  rather  a  ghastly  tone  to  the  objects  which  it  illumi- 
nates ;  and  a  landscape,  looked  at  through  a  piece  of  blue  glass,  assumes  almost  a 

snowclad  aspects     For  eyes  that  are  irritated  by  a  preponderance  of  red  and  green, 
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it  is  aometimes  desirable  to  redress  the  balance  by  the  use  of  blue  glass  as  an 
absorbent  of  these  colours ;  but  this  is  only  for  near  work,  and,  generally  speaking, 
for  such  work  as  reading  and  writing,  which  deals  almost  exdusively  with  black 
and  white  surfaces.  A  colour  more  suitable  for  general  purxxMses  is  famished  by 

red  or  ruby  glass,  which  affords  an  extraordinarily  pleasant  illumination  of  an  apart- 
ment ;  and  standing  or  hsmging  lamps  hare  lately  been  made,  chiefly  by  MesBrs. 

Powell,  of  Blackfriars,  in  which  the  oil-vessel,  as  well  as  the  shade  and  chimney, 

are  made  of  glass  of  this  and  of  other  colours.  My  own  drawing-room,  for 
example,  is  lighted  by  ruby  lamps,  and  the  roseate  tint  which  they  cast  over  all  tJie 
objects  in  the  room  is  extremely  pleasing.  Something  of  the  same  effect  has  been 
lately  to  be  soen  in  the  auditorium  of  the  Lyceum  Theatre,  but  here  the  red  light  is 
hardly  sufficient  in  quantity  for  the  purposes  of  domestic  lighting.  In  my  own 
house,  I  have  found  the  rose-coloured  lamps  much  admired  by  ladies,  and  they 
certainly  cast  an  exceedingly  favourable  tint  over  the  complexion,  besides  setting  off 
dress  to  much  advantage.  On  passing  out  of  the  room  on  to  the  staircase,  however, 

the  ordinary  gas-light  there  burning  assumes  a  curiously  blue  tinge;  and  some 
minutes  are  required  before  the  eyes  become  sufficiently  accustomed  to  the  change 
to  cease  to  be  conscious  of  any  unnatural  appearance.  It  would  be  easy,  of  coarse, 
to  do  away  with  this  contrast,  if  it  were  objected  to,  by  the  simple  expedient  of 

using  ruby  shades  on  the  stair-lights  also. 
The  lighting  of  a  dining-room  is  a  matter  which  should  be  governed  mainly  by 

the  style  of  its  decorations,  and  also  with  reference  to  the  two  principal  aspects 
which  it  may  be  made  to  assume.  In  some  dining-rooms,  the  walls  have  been 
regarded  merely  as  affording  a  frame,  or  setting,  to  the  central  table,  which,  with 
its  decorations,  its  linen,  its  glass  and  its  silver,  and  its  environment  of  guests, 
l)artly  consisting  of  ladies  in  brilliant  toilettes,  forms  the  picture.  In  others,  the 
walls  are  adorned  by  objects  upon  which  it  is  pleasant  to  look  in  the  intervals 
between  the  courses;  and  it  is  manifest  that  the  two  styles  will  require  veir 
different  treatment  in  the  way  of  arranging  the  illumination,  even  if  its  amount 
remains  the  sama 

As  regards  the  materials  employed,  there  is  nothing  to  add  to  what  has  been 
formerly  said,  recommending  gas  or  petroleum  for  economy,  colza  oil  or  candles 
where  economy  can  be  made  subordinate  to  excellence.  If  the  waUs  are  generally 
decorative,  and  intended  to  be  looked  at  during  dinner,  the  best  arrangement  is  to 
have  two  or  more  tall  lamps  on  the  sideboard,  or  on  detached  colunms  in  other 
parts  of  the  room,  according  to  its  size,  together  with  a  central  suspended  li^t^ 
not  shaded,  but  left  free  to  throw  its  illumination  upwards  and  around.  In  this 

way,  the  general  lighting  of  the  room  and  of  thet  wall-surfaces  may  be  accom- 
plished; while  that  of  the  table  should  be  secured  by  a  sufficiency  of  single 

candles,  so  placed  as  not  to  intercept  the  view  of  the  guests,  and  each  of 
which  may  be  covered  by  a  little  shade  of  silk  or  paper,  of  crimson  or  some 
other  warm  colour,  so  as  to  throw  nearly  all  the  light  upon  the  table  sur&ce 
and  upon  the  plates.  If  there  should  be  any  picture  of  especial  beauty  upon 
the  walls,  this  should  not  be  left  to  the  general  illumination  of  the  upper  parts  of 

the  room,  but  should  have  lights  of  its  own  on  either  side  of  it — ^perhaps  single  gas- 

burners  on  brackets  projecting  from  the  walls,*  and  furnished  with  mirrors  to  illu- 
minate the  picture,  while  they  conceal  the  sources  of  light  from  the  guests.    Where 
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the  walls  are  of  ei  (lark  colour,  merely  adapted  to  fomi  a  frame  to  thft  table,  it  will 
1>e  sufficient  to  have  two  tall  lamps  on  the  sidelxjard ;  the  Cfntral  light  may  be 
shaded,  and  candles  should  l>e  placed  on  tlie  table  itself  as  before. 

Wheti  we  come  to  lighting  a  room  for  work,  a  study  or  library,  raiioh  of  what 
has  already  beeu  writt^iD  will  apply.  In  the  Srst  place,  the  light  most  be  sufficient 
!n  (]iiantity  ;  there  being  few  things  more  distressing  to  the  eyes  than  insufBcient 
illumination.  Children  are  constantly  ]>ermitted  to  work,  or  to  prepare  their  lessons, 
by  a  light  so  defective  that  it  involves  the  close  approximation  of  the  page  to  their 
eyes,  and  in  this  way  becomes  a  fertile  source  of  short  sight  and  of  squinting.  Next, 
although  the  light  should  be  ample  as  regards  the  particular  object  looked  at, 
it  should  be  so  shaded  that  tho  room  generally  should  be  comparatively  dark  ;  so 
that  the  eyes,  when  raised  in  the  intervals  of  occupation,  as  at  the  bottom  of  a  page 
or  at  the  close  of  a  paragraph,  should  be  raised  to  comparative  darkness,  by  which 
they  will  be  rested  and  refreshed,  instead 
of  to  a  still   brighter  illumination,  by 
which  they  will  be  irritated  and  fatigued. 
The  best  |>OHition  for  an  artificial  light, 
as  for  a  window,  is  a  tittle  above  and  to 
the  left  front  of  the  worker,  so  that  no 
shadow  may  be  thrown  by   the   right 
hand  in  writing ;    but  if  two  lamps  be 
used,  they  may  be  placed  right  and  left, 
each  of  them  estingiiishing  the  shadow 
cast  by  the  other.    Tlie  late  Dr.  Copland, 
in  hia  Dicliotuiry  of  Medidiie,  states  that 
for  thirty  years  he  made  it  a  practice  to 
ri>ad  and  write  every  night  from  about 
tijiht  in  the  evening  until  two  or  three 
[lie  next    morning ;    and  that  for  this 
]>urpose  he  used  two  argand  lamps,  fed 
with  sperm  oil,  and  which  would  bum 
for  eight  eonsecutive  hours  without  in- 
tirfeceuce  or  loss  of  light.      The  lamps 

B-ere  placed  one  on  either  side  of  a  high 
ilesk,  in  such  a  manner  that  they  were 
above  the  level  of  hia  eyes,  which  were 
sheltered  from  direct  glare  by  the  browa 
and    eyelids.      As    already   mentioned, 
!i{>enn  oil  has  been  completely  superseded 
bv  colza,  and  the  many  shades  sold  by 
ihe  lamp-makers  of  the  present  day  are 
calculated  to  reinforce  the  natural  pro-  pij.  ib3— SiibMRMriinH«™p. 
t^tion    on   which    Dr.    Copland   relied. 

Perhaps  the  best  lamp  known  at  present  for  reading  purposes  is  that  manufactui-ed 

ly  the  Silber  light  Company,  under  the  name  of  the  "Wellington."     It  has  the 
ordinary   Sillwr  burner  for  either  petroleum   or  colza,    and   is   made,    like    the 

common  "  Queen's  Kcading-lamp  "  to  slide  up  and  down  upon  an  upright  stem ;  but 
86 
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it  differs  from  the  latter  in  the  fact  that  this  stem  passes  through  the  oil-vessel^ 
which  turns  upon  it,  in  such  a  manner  that  the  exact  position  of  the  burner  can  be 
determined  by  the  touch  of  a  finger.     A  still  more  noteworthy  pectdiarity  is  the 
construction  of  the  shade,  which  is  square  instead  of  being  circular,  open  in  front, 
and  furnished  on  either  side  with  a  lifting  door,  which  can  be  set  in  any  elevation 

and  will  remain  where  placed.      The  general  result  of  this  an'angement  is  that  a 
fiood  of  light  can  be  direct<xi,  through  the  0|)cn  front  of  the  shade,  to  any  part  of 

the  I'oom  which  it  is  desired  to  illuminate ',  while  sufficient  for  ordinary  reading 
puq)oses  reaches  the  table  underneath  the  edges  of  the  shade.     If  the  bods  is  at  a 
higher  level  than  the  table,  one  of  the  sides  of  tlie  shade  can  be  lifted  to  any  desired 

extent,  to  allow  the  light  to  i-each  this  higher  level,  and  the  lamp  can  be  adjusted  to 
meet  the  wants  of  two  different  readers  at  the  same  time.     The  Wellington  lamp  is 
shown  in  Fig.  199. 

The  penalty  to  be  paid  for  an  increased  amount  of  illumination,  is,  of  necessity, 
an  increased  amount  of  heat;  and  hence  the  more  perfect  burners  for  table  lamps  of 
every  description  are  objectionable  to  some  people  on  account  of  the  heat  which  they 

throw  out.     In  some  cases,  no  doubt,  the  objection  may  be  a  valid  one  ;  and  Ught 
enough  for  the  actual  requirements  of  the  case  can  be  obtained  from  an  inferior 
burner,  which  also  affoixls  less  heat      But  when  the  good  light  is  necessary,  and  at 
the  same  time  the  heat  is  a  disadvantage,  the  latter  may  be  diminished  in  two  ways. 

A  solution  of  alum  in  pure  water,  filtei*ed  through  coarse  filtering  paper,  is  as  trans- 
parent to  light  as  the  water  itself,  but  is  almost  entirely  opaque  to  heat ;  and  a  flat 

cell  of  glass,  like  a  photogi*apher*s  dipping  cell,  filled  with  this  solution,  and  placed 
between  the  lamp  and  the  head  of  the  worker,  will  intercept  the  heat  in  a  satis- 

factory manner.      The  cell  should  be  made  of  two  squares  of  thin  plate  ghiss, 

cemented  to  narrow  bottom  and  side  sti-ips  by  marine  glue,  and  such  an  arrangement 
could  be  made  by  any  dealer  in  pliilosophical  instruments.     It  is  difficult  to  design 
any  table  stand  for  such  a  cell  which  will  not  be  liable  to  cast  a  sh&dow  upon  the 
work ;  and  the  best  way  is  to  have  it  suspended,  either  fram  a  hook  in  the  ceiling 
or  from  a  table  stand  with  a  projecting  arm,  like  that  of  a  semaphore,  so  tluit  the 
solid  parts  of  the  stand  may  be  out  of  the  way.     Another,  and  perhaps  a  better 
device,  is  to  place  the  light  farther  away,  and  to  concentrate  its  beam  upon  the  work 
by  means  of  a  globe  of  glass  filled  with  water.     Such  a  globe  may  be  suspended  in 

either  of  the  ways  mentioned  above ;  and  the  supei-ficial  extent  of  the  illumination 
which  it  affords  will  depend  upon  its  precise  position  in  reference  to  the  flame.     If 
the  latter  be  placed  in  the  focus  of  the  globe,  the  beam  of  light  issuing  on  the  other 

side  will  be  pai-allel,  or  of  the  saiiie  area  as  the  circumference  of  the  globe  itself; 
if  the  flame  be  nearer  to  the  globe  than  its  focus,  the  beam  will  be  more  diffused ; 
and  if  tlie  flame  be  farther  from  the  globe  than  its  focus,  the  beam  will  be  con- 

centrated upon  a  smaller  surface.     A  contrivance  of  this  kind,  by  concentrating  the 
light  upon  a  small  space,  will  sometimes  allow  an    inferior  illumination   to  he 

employed ;  and  a  glass  globe  has  long  been  used  for  this  purpose  among  the  frame- 
work knitters  of  Nottinghamshire  and  Derbyshire,  who  aro  able,  by  its  assistance, 

to  weave  underclothing  by  the  flame  of  a  single  tallow  candle,  the  light  from  which 
is  focussed  upon  the  exact  portion  upon  which  they  are  employed.      Within  the 
last  year  or  two  lamps  fitted  with  water  globes,  or  mther  with  semi-glgbesi,  have 
l)eei}  Bold  at  a  shop  near  the  Polytechnic  in  London,  and  have  been  employed  at 

i 
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fiomo  of  the  statiouB  of  the  Metropolitan  District  Railway,  I  am  acquainted  with 
one  or  two  instances  of  their  use  in  piivate  houses,  where  they  have  answered 
very  sjitisfactorily. 

In  conclusion,  I  would  endeavour  to  summarise,  in  a  few  woixls,  the  general 

principles  which  have  been  laid  down,  and  to  which  attention  should  be  systemati- 
cally directed.  For  all  occupations  which  require  the  close  application  of  the  eyes, 

the  light  employed  sliould  be  sufficient  in  quantity,  steady  and  uniform,  so  placed 
that,  while  the  object  of  vision  is  adequately  illuminated,  the  eyes  themselves  are 

Siieltered  from  direct  glare,  not  too  heating,  and  not  casting  shadows  upon  the  work. 

If  these  conditions  are  observed  and  if  the  deterioi^ation  of  the  atmosphere  in- 
cidental to  combustion  is  controlled  by  proi)er  ventilation  of  the  ajMirtment,  it 

may  be  safely  laid  down  that  work  by  ai'titicial  light  is  no  more  injuiious  than  by 

daylight,  and  that  it  may  be  i)erfonned  by  healthy  eyes  and  healthy  pei*sons  to  a 
practically  unlimitetl  extent. 



WARMING    AND    VENTILATION. 

Bj  Douglas  Oaltov,  O.B.,  D.CIi,  F.B.8. 

CHAPTER  XLVII. 

UENEBAZi     CONSIDERATIONS. 

Composition  of  Normal  Air— Oarbonio  Acid-^Jarbonio  Oxide— Saipended  Mattel^— Smoke  md  Fog- 
Decajing  Oiganio  Matter — Ozone. 

It  has  been  remarked  as  a  singular  fact,  that  whilst  architecture  made  such  wonder- 
ful progress  during  many  ages,  and  has  left  monuments  of  its  grandeur  in  almost 

every  country,  ventilation  seems  to  have  been  almost  entirely  overlooked.  This, 
however,  is  not  strictly  sa  No  doubt  in  the  warmer  climates,  whence  our  civi 
lisation  chiefly  came,  open  windows  and  doors  were  necessary  during  the  greater 
part  of  the  year;  but  the  remains  of  Roman  houses  found  in  England  exhibit 
methods  of  warming  and  ventilation  which  we  might  still  do  well  to  follow. 

In  the  ages  which  followed  the  decay  of   Roman  civilisation,  the  windows,  ill- 
provided  with  protection  from  the  weather,  and  the  ill-fitting  doors,  afforded  ample 
means  for  the  access  of  air  ;  and  when  fires  were  used,  the  huge  chimney  was  itself 

a  magnificent  means  of  ventilation.     When  improvements  in  house-oonstructioa 
became  more  general^  the  evils  arising  from  stagnant  air  in  houses  bc^an  to  make 

themselves  felt,  and  about  a  century  ago  the  gaols,  prisons,  and  convict-ships  became 
the  eloquent  preachers  of  health  to  the  English  nation.     These  places  were  so  un- 

healthy that  many  who  were  incarcerated  died,  or  contracted  such  diseases  as  impaired 
their  constitutions  for  life ;  and  as  if  to  show  how  the  several  members  of  societvi  high 

and  low,  are  linked  inseparably  together,  no  one  could  come  near  the  prisoners  with- 
out danger  of  infection.    At  what  is  called  the  Black  Assize,  which  was  held  at  Oxford 

in  1577,  although  most  of  the  piisoners  escaped  the  epidemic,  all  other  persons  who 
were  present,  viz.,  the  judge,  the  sheriff,  and  about  three  hundred  others,  died 

within  forty-eight  houra     At  Taunton,  in  1730,  some  of  the  prisoners  infected  the 
Court  with  the  malaria  they  had  brought  from  their  cells,  so  that  the  judge,  the 

sheriff,  a  serjeant,  and  more  than  a  hundred  others  died.     Dr.  Lynd,  in  his  "  Essay 

on  the  Health  of  Seamen,"  assei'ts  that  the  fleet  was  infected  from  the  gaols,  and 
that  certain  ships  sent  to  America  lost  two  thousand  men  in  consequence.     It  thus 
became  clear  that  something  must  be  done  to  render  the  gaols  more  healthy ;  and 
hence  arose  the  first  efforts  to  ventilate  them.     The  subject  of  ventilation  havins: 
l)een  thus  started,  the  methods  by  which  to  ventilate  dwellings  b^an  to  attmct 
much  attention  at  the  beginning  of  the  present  century. 

Dr.  Thomas  Beddoes,  in  his  Instructions  drawn  up  in  1804  for  the  Medical 

Preventive  Institution  at  Bristol,  observed  that  "  air  by  breathing  becomes  quite 
unfits  to  support  lifa  If  a  creature  be  closely  confined  in  a  small  quantity  of  air, 
it  will  live  as  long  as  there  is  any  of  that  air  fresh,  and  not  exhausted  3   and  after 

^ 
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wards  it  will  die.  Therefore,  the  air  of  all  apartments  requires  changing.  Tlie  air 

of  a  small  shut-up  room  will  be  unpleasant  and  hurtful,  thougli  not  immediately 
fatal  It  would  seem  that  children  suffer  more  in  proportion  than  grown  people 

from  too-confined  or  exhausted  air." 
To  show  how  indispensable  fresh  air  is  to  children,  he  mentions  that  in  the 

Lying-in  Hospital  at  Dublin  2,944  infants  out  of  17,650  died  in  the  year  1782^ 
within  the  first  fortnight  after  their  birth — that  is,  nearly  every  sixth  child,  or  about 
17  in  100.  Tliey  almost  all  died  in  convulsions,  of  what  the  nurses  call  nine-day 
fits,  because  they  came  on  within  nine  days  after  their  birth.  These  children,  many 
of  tbem,  foamed  at  the  mouth,  their  thumbs  were  drawn  into  the  palms  of  their 
hands,  the  jaws  were  locked,  the  face  was  swollen  and  looked  blue,  as  though  they 
were  choked  This  last  circumstance  led  the  physicians  to  conclude  that  the  rooms 
iu  the  hospital  were  too  close,  and  hence  that  the  infants  had  not  a  sufiicient 
quantity  of  good  air  to  breathe.  This  made  them  fall  upon  contrivances  to  change 

the  air  in  the  ix>om8  where  the  children  lived.  Air-pipes,  six  inches  wide,  were 
placed  in  the  ceiling  of  each  room.  Three  holes,  an  inch  wide,  were  bored  through 
each  window-frame;  and  a  number  of  holes  were  made  in  the  doors.  Thus  the 
rooms  were  kept  sweet  and  fresh  ;  and  the  consequence  was  that  after  the  altera- 

tions not  one  child  died  where  three  used  to  die;  and  in  1788,  55  only  died  out  of 
1,496,  or  36  per  1,000. 

It  is,  however,  remarkable  tliat,  with  all  our  knowledge,  the  progress  made  in  the 

ventilation  of  our  dwellings  has  been,  compai^atively  speaking,  so  slow.  For  so  late 
as  1858,  the  Royal  Commission  on  the  Sanitary  State  of  the  Army  reported  that 

the  ventilation  of  barrack-rooms  was  most  defective,  with  the  result  ".that  the 
soldier  was  compelled  to  sleep  in  a  foetid  and  unwholesome  atmosphere,  the  habitual 
breathing  of  which,  though  producing  for  the  most  part  no  direct  immediate  effects, 
probably  lays  the  seeds  of  that  pulmonary  disease  which  was  at  that  time  so  fatal 

in  the  British  Army."  This  has  since  been  remedied,  and  pulmonary  disease  has 
almost  ceased  in  the  British  Army ;  and  from  the  date  of  that  report  the  subject 

has  been  so  frequently  pressed  upon  the  public  that  the  architect  is  at  last  begin- 
ning to  consider  that  a  knowledge  of  the  principles  of  ventilation  and  of  the  other 

details  of  sanitary  construction  are  as  necessary  to  the  efficient  discharge  of  his 

responsibility  to  his  clients  as  a  knowledge  of  building  materials.  But  there  a)*e 
still  thousands  of  private  houses,  and  especially  business  buildings,  offices,  (S:c., 
liaviog  fair  and  inviting  exteriors,  and  comfortably,  even  luxuriously  furnished, 
which  are  so  deficient  in  a  proper  quantity  and  quality  of  air  and  light,  as  to 

render  them  breeding-nests  of  consumption,  rheumatism,  and  other  forms  of  disease. 
We  shall  presently  explain  why  the  air  in  confined  places  occupied  by  living 

heings  is  subject  to  causes  of  deterioi*ation  which  prevent  its  being  as  pure  as  the 
open  atmosphere.  Ventilation,  which  is  the  science  which  teaches  us  how  to  approxi- 

mate the  condition  of  the  air  under  such  conditions  to  that  of  the  outer  air,  is 

dependent  upon  a  knowledge  of  the  composition  and  quality  of  air,  as  well  as  upon 
the  causes  which  determine  its  motion ;  and  it  is  necessary  to  a  thorough  conipic- 
hension  of  the  subject  that  we  should  explain  somewhat  at  length  the  several 
branches  into  which  it  is  divided. 

The  air  was  originally  regarded  as  an  element.  The  ancient  chemists  made  no 
distinction  between  the  various  clastic  fluids,  calling  them  all  air  ;  and  they  called 
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the  air  we  biieatbo  common  air.  In  1640,  Van  Helmont  observed  differences  in 

aire,  as  tbey  were  termed,  and  he  adopted  the  word  ffos  or  gaz  to  distinguish  these 
from  common  air. 

Air  is  essential  to  man's  existenca  The  quantity  of  air  actually  inhaled  and 
exhaled  by  an  adult  in  twenty-four  houre  amounts  on  an  average  to  about  360  cubic 

feet,  or  2,000  gallons.  What  we  take  in  and  give  out  during  twenty-four  hours 
in  tlie  shape  of  solid  and  liquid  food,  occupies  on  an  average  the  space  of  5^  pints 

which  is  equal  to  xaoTT  ̂ ^  ̂ ^^  volume  of  the  air  passing  through  our  lungs.  This 
volume  of  air  passing  daily  through  the  lungs  weighs  about  251bs.  avoirdupois. 

Air  taken  under  the  most  favourable  circumstances,  in  free  open  spaces  or  on 

elevated  ground,  consists  of  the  following  constituents  (Angus  Smith) : — 

1  AAA  ~.^-  /  Oxyg«n,*209  to  211  parts ;  209-6  mean. 1,W0  parts  I  Nitrogen,  789  to  791  parts. 

The  oxygen  is  the  hard-working,  active  substance  that  keeps  up  the  fires,  cooks 
the  food,  bums  up  the  waste,  purifies  the  blood.  The  nitrogen  seems  to  be  a  mere 
diluent  to  prevent  the  oxygen  from  burning  or  destroying  everything  with  fire  and 
rust  Every  analysis  of  air  sliows  the  presence  in  varying  proportions  of  carbonic 

acid,  vapour  of  water,  organic  matter,  including  many  living  organisms^  ammonia, 
and  suspended  matter.  The  purity  or  impurity  of  the  air  and  its  effect  on  health 
depends  upon  the  greater  or  less  degree  in  which  these  various  subsidiary  matters 
are  present 

The  most  important  of  the  gaseous  impurities  in  air  which  have  an  influence  on 

health  is  carbonic  acid,  or  carbon  dioxide  (CO,).  This  gas  is  half  as  heavy  again  as 
air;  it  can  be  poured  from  one  vessel  to  another  just  as  water  is  poured,  the 

carbonic  acid  sinking  to  the  bottom  of  the  vessel  and  displacii^  the  air ;  neverthe- 
less the  processes  whereby  it  is  produced  in  the  act  of  breathing  raise  its 

temperature  and  render  it  for  a  time  specifically  lighter  than  air.  Thus  it  may 

ascend  and  accumulate  near  the  ceiling.  It  would,  however,  descend  when  cooled. 
But  it  diffuses  itself  veiy  rapidly  through  the  air,  and  when  once  diffused,  no  length 
of  time  effects  separation.  Carbonic  acid,  if  colder  than  the  air  above  it,  will 
diffuse  more  slowly  ;  if  warmer  than  the  air  near  it,  so  as  to  be  more  close  to  the 

same  specific  gravity,  it  will  diffuse  more  rapidly.  The  carbonic  acid  emitted  with 
the  breath  is  thoroughly  mixed  with  the  breath ;  and  the  expired  breath,  as  a 
whole,  is  rapidly  mixed  with  the  air  of  the  room. 

When  swallowed,  the  gas  is  harmless ;  but  if  it  be  inhaled,  it  acts  as  a  narcotic 

poison.  The  undiluted  gas  kills  instantly  by  spasm  of  the  glottis.  "When  diluteil 
with  air,  so  that  the  proportion  of  the  ga^  present  is  about  12  to  14  per  cent 

(as  in  a  room  where  charcoal  in  a  chafing-dish  has  been  burnt),  it  causes  giddi- 
ness, hurried  circulation,  fulness  in  the  head,  noises,  confusion,  perhaps  delilium, 

and  finally  coma,  which  may  last  a  considerable  time.  Air  containing  4  or  5  per 

cent,  of  carbonic  acid  gas  (such  as  air  once  breathed)  causes  a  sense  of  oppression, 
with  headache,  distress,  and  perhaps  delirium  or  coma ;  such  air  containing  even  as 
little  as  3  per  cent,  of  carbonic  acid  cannot  be  breathed  without  great  distress, 

and  will  probably  produce  insensibility ;  but  the  bad  symptoms  may  probably  be 

due  in  some  cases  as  much  to  other  impurities  in  the  re-breathed  air  as  to  the 
carbonic  acid,  because  in  breweries  and  distilleries,  where  sensibly  large  proportions 
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of  carbonic  acid  may  be  detected  in  the  air,  peraons  often  breathe  the  air  without 

Ijeiiig  affected.  Similarly,  an  atmosphere  containing  1  or  even  0*5  per  cent,  of 
carbonic  acid  gaa  (such  as  is  sometimes  found  in  ill-ventilated  theatres)  is  distressing. 
On  grounds  of  this  nature  it  has  been  laid  down  that  a  proportion  of  1  per  cent,  in 
air  may  be  considered  as  the  highest  admissible  quantity  in  air  to  be  breathed  by 

human  beings.  An  atmosphere  containing  16  per  cent,  of  the  gas  instantly 
extinguishes  a  flame ;  in  an  atmosphere  with  10  per  cent,  a  taper  still  bums,  but 
the  flame  is  considerably  dulled ;  in  an  atmosphere  containing  8  per  cent,  a 
taper  will  bum  readily.  Thus  a  taper  will  bum  in  an  atmosphere  which  may  be 
dangerous  to  life. 

The  average  amount  of  carbonic  acid  may  be  taken  at  "04  per  cent,  in  normal 
air,  although  it  is  not  unfrequently  as  low  as  '02  per  cent,  and  sometimes  as  high 
as  -05  per  cent*  or  more. 

The  experiments  of  Dr.  Angus  Smith  show  that  in  towns  the  oxygen  in  the  air 
is  not  less  than  in  the  country  districts,  and  that  carbonic  acid  is  slightly  but  not 

materially  in  excess.     This  is  shown  in  the  following  table  : — 

IN  MANCHESTER. 

Oxygen. 

In  fog  and  frost    . 
Outer  circle,  not  raining  . 

Suburb,  in  wet  weather  . 

Per  1,000. 
209100 
209-407 

J  202-800 j  209-600 

CO,. 

Streets 
Whore  iiclds  begin 
Streets  in  fog 

Per  1,000  vols. 

0-403 
0-369 

0079 

Oxygen. 
r»pcn  places,  summer 
•Streets,  November 

IN  LONDON. 

209-500 
208-850 

On  Thames 
Parks,  open 
Streets 

OOo. 

0-343 
0-301 
0-380 

M.  Keiset  obtained  from  a  year's  observations,  at  a  station  in  the  country  fai* 
from  dwellings,  and  situated  alK)ut  four  miles  from  Dieppe,  an  average  of  carbonic 

acid  in  the  air  of  -2942  per  1,000  volumes.  Tlie  air  above  a  crop  of  red  trefoil  in 

the  month  of  June  gave  -2898  per  1,000 ;  and  at  a  height  of  one  foot  from  the  soil, 

in  a  barley-field  in  July,  -2829  per  1,000 ;  the  corresponding  amounts  at  the  country 

station  being  -2915  and  -2933  per  1,000  respectively.  The  presence  of  300  sheep 
Uf'ar  the  apparatus  raised  tlio  proportion  to  -3178  per  1,000.  At  Paris  in  May, 
1S73 — 75 — 79,  the  mean  amount  was  -3027  per  1,000.  In  a  leafy  coj)pice  the 
amount,  however,  was  "2997  volumes  in  1,000  of  air,  as  against  -2902  volumes  in 
tbe  open.  This  difference  may  be  due  to  the  diminished  quantity  of  light  in  the 
coppica  Messrs.  Miintz  and  Aubin  found  in  Paris,  near  the  Conservatoire  dos 

Arts  et  Metiers,  at  about  twenty  feet  above  the  gi-ound,  that  the  quantity  of 
carbonic  acid  varied  from  -288  to  -422,  whilst  in  the  open  country  exttmding 
towards  Gravelle,  in  the  vicinity  of  Paris,  the  amount  was  nearly  constant  at  -27  ; 

and  on  the  Pic  du  Midi  they  found  a  variation  of  from  -28  to  -30. 

It  would  have  been  probable  that  where  animals  are  assembled  in  gi-cat  numbers, 
and  the  processes  of  combustion,  which  also  produce  carbonic  acid,  are  going  on 
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rapidly,  uuiu  flue  need  by  vej^etAtion,  as  in  lai'ge  cities,  carbonic  acid  would 
accumulate  and  become  injurioua  to  life.  The  slight  difference  in  this  respect 

between  the  air  of  a  dense  city,  that  near  the  luxuriant  vegetation  of  the  country, 

and  that  on  the  top  of  a  mountain,  may  be  due  to  the  remarkable  property  wliich 

all  gases  possess  of  diffusing  tlieraselvea  through  each  other's  masses,  more  slowly,  it 
in  true,  but  with  as  much  certainty,  as  tl\ey  rush  into  a  vacuum. 

Tlie  influence  of  winds,  also,  sweeping  through  streets,  arranged  to  favour  the 
movement  of  air,  will,  under  ordinary  circumstances,  effectually  prevent  any 
excessive  accumulation  in  town  air. 

Mr.  Anustix)ng  made  experiments  on  the  diurnal  variation  of  carbonic  acid  or 

(CO,)  in  the  air — a  subject  previously  experimented  on  by  Dr.  Saussure  and 
M.  Tmchot     The  following  are  the  general  results  he  arrived  at : — 

1.  That  the  normal  amount  of  carbonic  acid  pi-esent  in  the  air  of  the  county 

is  distinctly  less  than  that  usually  btated,  and  that  it  does  not  exceed  '35  vols,  in 
1,000  of  air. 

2.  That  plants  absorb  carbonic  acid  during  the  day,  and  exhale  it  at  night,  :iuil 

that  vegetation,  therefore,  affects  the  quantity  of  carbonic  acid  pi'esent  in  the  air, 
decreasing  it  hy  day,  and  increasing  it  at  night 

lliat  from  this  cause  theix)  is,  during  that  part  of  the  year  when  vegetation  is 
activo,  ut  least  10  per  cent  more  carbonic  acid  present  in  the  air  of  the  open 
couuliy  at  night  than  during  the  day. 

A  special  oxporiment  mado  upon  a  geranium  plant  in  a  close  jar  showed  that  if 
the  plant  did  not  actually  absorb  carbonic  acid  during  the  day,  it  exhaled  none ; 

whilo  when  it  had  aKsorbed  carbonic  acid  in  the  daytime,  at  night  large  quantities 

were  got  rid  of,  thus  fully  Hubstantiating  the  generally-accepted  view  that  tb 
carbonic  acid  absorbed  by  plants  in  the  daytime  is  given  out  at  night  On  tlie 

other  hand,  Ixiwcy's  analysis  c<n  the  A  tlantic  Ocean,  one  thousand  miles  from  th*' 
coast,  gave  a  decided  excess  of  carbonic  acid  in  the  air  in  the  day  over  that  of 
the  night  He  attributes  this  to  the  action  of  i.he  sunlight  upon  the  ocean 
liberating  the  gases  which  it  holds  in  solution.  Some  experiments  of  MM.  Miintz 
and  Aubin  seemed  to  show  that  the  quantity  of  carbonic  acid  gradually  increases  ia 

cloudy  weather  and  rain.  And  M.  Marie  Davis,  of  the  Montsouris  Observatory, 

says  tliat  tlie  quantity  of  carbonic  acid  in  the  air  iu  the  neighbourhood  of  bis 

observatory  varies  in  a  seiLsible  manner  from  one  ̂ '^ear  to  another,  from  one  mooth 
to  another,  and  ijidoed  on  successive  days. 

Jn  confined  spaces  occupied  by  numerous  persons,  this  gas  (0  0,)  will  frequently 

be  found  in  excess.  The  carbonic  acid  in  dormitories  has  been  fouAd  to  be  '5'2  pe: 
1,000  volumes;  the  amount  in  a  l)ed  room  on  rising  in  the  morning  '48;  and  in  a 
well-filled  school  TOO  J  u  '72  jHjr  1,000  lolumes. 

Pettenkofer  has  suggested  a  convenient  test  for  carbonic  acid  by  exposing  a 

given  quantity  of  th»5  air  to  be  tested  to  contact  with  a  given  quantity  of  clear  liffi"* 
water.  The  carbonic  acid  is  absorbed  by  the  lime,  and  the  causticity  of  the  Unit- 

water  is  pi'oportionately  diminished.  Hence  the  difference  in  the  degree  *i 
causticity  of  the  lime-water  before  and  after  exposure  to  the  air  wliich  is  Uti^ 

tested  will  enable  the  amount  of  carbonic  acid  which  has  united  with  lime  to  *^^ 
calculated. 

There  are  many  other  causes  of  impurity  in  ah*,  and  carbonic  acid  (0  Oj 
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l>erlia]>s,  less  important  on  account  of  its  own  special  action  than  because  of  its  use 
as  a  measure  of  the  purity  of  the  air. 

Carbonic  oxide  (C  O^)  is  eminently  poisonous.  Less  than  0*5  per  cent,  has 
produced  poisonous  symptoms,  and  1  per  cent,  rapidly  produces  fatal  results.  This 
gas  is  formed  by  the  imperfect  combustion  of  carbon. 

Tliere  are  various  suspended  matters  in  air  which  produce  disease  from 

meclianical  causes,  such  as  the  dust  which  in  Egypt  produces  a  soi*t  of  ophthalmia 
Bronchitis  and  lung-disease  prevail  in  many  factories,  arising  from  the  inhalations 
by  tlie  workmen  of  the  dust  of  coal,  sand,  and  steel,  or  of  particles  of  cotton  or 

hemp.  Stonemasons  suffer  from  inhalation  of  stone-dust.  The  Guards  suffered 
largely  about  eighteen  years  ago  from  lung-disease ;  one  of  the  contributing  causes 
was  assumed  to  be  the  quantity  of  pipe-clay  they  inhaled  in  the  process  of  cleaning 
their  white  cloth  fatigue-jackets.  House-painters  suffer  fmm  the  dust  of  white 
lead ;  though  in  this,  as  in  many  cases,  the  persons  suffer  as  much  from  swallowing 
particles,  in  consequence  of  not  washing  off  the  dirt  from  their  hands  before  eating. 
In  factories  cotton-dust  was  at  one  time  a  dangerous  source  of  disease,  because, 
when  inhaled  in  breathing,  it  clogged  the  lungs  and  led  to  disease  and  death ;  but 

in  all  well-conducted  factories  arrangements  are  now  made  for  drawing  the  dust 
away  by  a  fan  as  soon  as  it  is  generated.  In  towns  the  suspended  matters  in  air 
which  are  of  most  importance  consist  of  the  dust  from  refuse,  chiefly  organic  matter 

from  horse-dung  and  the  imperfectly-consumed  particles  of  coal. 
Mr.  Bomanes  mentioned  on  a  recent  occasion  that  he  had  found  in  examining; 

after  death  the  lungs  and  air-tubes  of  persons  who  had  lived  in  the  densely- 

inhabited  pai-ts  of  London,  that  they  were  coated  in  many  places  with  soot  and 
carbon,  and  thus  able  to  act  much  less  efficiently  than  the  lungs  of  people  who  had 
breathed  clearer  air. 

The  aeroscope  invented  by  Pouchet  offers  an  easy  mode  of  examining  this  class 

of  suspended  matters  in  air.  Air  is  di*awn,  by  means  of  an  aspirator,  through  a 
funnel,  the  end  of  which  is  brought  to  a  line  point,  immediately  below  which  is 
placed  a  slip  of  glass  moistened  with  glyceruie.  The  ends  of  the  funnel  and  glass 

are  enclosed  in  a  little  air-tight  chamber,  from  which  a  small  glass  tube  passes  up, 
and  is  connected  by  means  of  india-rubber  tubing  with  an  aspirator.  The  air  can 
only  pass  into  the  aspirator  through  the  funnel,  and,  as  it  does  so,  any  solid 
particles  carried  down  with  the  cuiTent  impinge  on  and  are  arrested  by  the 

glycerine,  and  can  be  afterwai*ds  examined  by  the  microscope.  An  aspirator  can 
be  made  for  a  few  shillings.  Another  plan  is  to  draw  the  air  through  a  solution 
of  pure  water,  or  permanganate  of  potash.  All  the  solid  particles  are  retained 
at  the  bottom  of  the  vessel,  and  can  be  afterwards  examined  with  the  microscope. 

There  are,  however,  other  floating  particles  in  the  air  which  elude  these  rough 

methods  of  filtration.  Dr.  Tyndall's  beautiful  and  delicate  experiments  show  that 
«uch  forms  of  dust  will  pass  through  even  caustic  potasli  and  sulphuric  acid,  but 

can  l)e  intercepted  by  closely-pressed  cotton  wool 
The  question  of  smoke  has  recently  begun  to  occupy  much  attention  ;  and  there 

is  no  doubt  that  in  our  towns,  when  the  public  mind  shall  have  become  sufficiently 
educated  to  underatand  the  importance  of  purity  of  air,  a  radical  change  will  take 
place  in  our  methods  of  i)roviding  warmth  in  our  housea 

Dr.  Aitken,  in  a  paper  published  in  the  **  Transactions  of  the  Royal  Society  of 
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E<1iiibur;;:li/*  showed  that  fog  and  I'aiii  wore  caused  by  the  dust  and  fumes  present 
in  the  atmosphere ;  and  that  air  freed  from  dust  by  filtration  gives  no  fog  whatever. 
Air  freed  from  dust  may  he  supersaturated  with  moisture,  and  the  moisture  will 
remain  invisible  in  its  vaporous  form ;  but  when  dust  or  fumes  are  introduced,  the 

vai)our  will  condense  u}X)n  the  dust-particles  and  become  visible.     In  illnstration  of 

this,  Dr.  Aitken  mentionii  the  following  very  simple  experiment : — ^Take  a  receiver 
filled  with  the  oixlinary  air  of  a  room,  which  always  contains  an  enormous  number 
of  particles  of  dust ;  let  as  much  steam  be  blown  in  as  will  form  a  dense  fog.  Now, 
allow  this  fog  to  settle,  but  do  not  allow  any  dusty  air  to  enter.     After  the  fog  has 
settled  blow  in  more  steam.    Again  a  dense  fog  will  be  condensed  on  the  dust  which 
escaiHKl  the  first  condensation.     Allow  this  again  to  settle,  and  repeat  the  process  a 
number  of  times,  when  you  will  find,  after  many  repetitions,  that  there  is  still  fog 
forming.     But  it  will  also  be  noticed  that  after  each  condensation  the  fog  becomes 
less  and  less  dense,  till  at  last  it  ceases  to  appear  as  fog  ;  but  on  closely  looking  into 
tlie  receiver  the  condensed  vapour  will  be  seen  falling  as  fine  rain.  When  the  steam 

was  blown  in  the  first  time  the  fog  was  very  fine-textured ;  each  particle  was  so 
small  it  floated  easily  in  the  air.  After  each  condensation  the  fog  l>ccame  less  dense; 

it  at  the  same  time  became  more  coarse-grained  and  heavier,  and  was  seen  falling 
slowly.     Kear  the  end  no  fog  was  visible,  and  nothing  but  a  fine  rain  to  be  seen 
falling.     If  the  air  were  still  further  purified,  even  the  rain  seemed  to  cease. 

The  conclusions  which  may  be  drawn  from  these  experiments  are — 1st,  that 
when  water  vapour  condenses  in  the  atmosphere,  it  always  does  so  on  some  solid 

nucleus ;  2nd,  that  the  dust-particles  in  the  air  form  tlie  nuclei  on  which  it  con- 
denses ;  3rd,  if  there  were  no  dust  in  the  air  there  would  be  no  fogs,  no  clouds,  no 

mists,  and  probably  no  rain. 

Tlie  results  of  the  action  of  dust  in  producing  cloudiness  are  not  always  alike. 
In  one  case  the  condensed  vapour  takes  the  form  of  a  fog,  so  fine  that  it  easily 
floats  in  the  air  and  never  seems  to  settle.  In  another  case  the  cloudiness  is  coai"ser- 

grained  and  settles  down  slowly,  and  in  another  case  it  is  a  very  coai-se-grained  mist, 
which  falls  quickly.  It  would  appear  that,  when  the  dust  is  present  in  great 
quantities,  the  condensed  vapour  forms  a  fog,  because  as  there  are  a  great  number 

of  dust-nuclei,  each  nucleus  only  gets  a  very  little  vapour,  and  is  not  made  much 
larger  or  heavier,  so  it  continues  to  float  in  the  air.  As  the  number  of  dust-nuclei 
diminish,  the  amount  of  vapour  condensed  on  each  particle  increases ;  their  size  and 
weight  therefore  also  increase.  So  that  as  the  density  of  the  cloudiness  decreases  the 
size  of  the  particles  increases,  and  their  tendency  to  settle  down  also  increases.  Fogs 
will,  therefore,  only  be  produced  when  there  is  abundance  of  dust-nuclei  and  plenty 

of  va])Our.  Tliere  is  probably  also  something  due  to  the  composition  of  the  dust- 
particles  ;  some  kinds  of  dust  seem  to  form  better  nuclei  than  others. 

This  dust  in  the  atmosphere  will  have  many  sources.  Everytliing  in  nature 
which  tends  to  break  up  matter  into  minute  parts  will  contribute  its  share.  In  all 

probability  the  spray  from  the  ocean — after  it  is  dried  and  nothing  but  a  fine  salt- 
dust  left — is  perhaps  one  of  the  most  important  sources  of  cloud-pixxlucing  dust 
This  form  of  dust  is  ever  present  in  our  atmosphere,  and  is  constantly  settling 

on  every  object,  as  evidenced  by  the  yellow  sodium  flame  seen  w^hen  bodies  are 
heated.  There  is  also  meteoric  dust,  and  volcanic  dust,  and  condensed  gases.  Mr. 
Langley,  the  American  astronomer,  when  making  observations  on  the  sun  at  about 
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13,000  feet  above  the  sea-level,  on  Mount  Whitney,  nearly  200  miles  from 
the  Pacific  Ocean,  saw  dust-clonds  which  he  computed  to  be  very  far  above  him, 
and  which  it  was  supposed  were  composed  of  fine  loess  blown  from  the  plains  of 
China. 

Dr.  Tyndall  tells  us  that  solar  light,  in  passing  through  a  dark  room,  reveals  its 

track  by  illuminating  the  dust  floating  in  the  air.  ''The  sun,'*  says  Daniel 
Culverwell,  "  discovers  atomes,  though  they  be  invisible  by  candle-light,  and  makes 
them  dance  naked  in  his  beams."  When  we  look  at  a  beam  of  light  thus  travelling 
a  dark  room,  we  are  struck  by  the  marvellous  amount  of  dust  revealed  ever  floating 
in  our  atmosphere,  and  which  under  ordinary  conditions  of  light  are  not  observed. 
When  the  air  containing  this  dust  is  highly  heated  or  passed  through  a  flame, 

all  these  motes  are  destroyed,  and  the  path  of  the  sun^s  rays  becomes  invisible.  One 
might  hence  naturally  conclude  that  air  which  has  passed  over  or  through  a  flame, 
or  through  a  fire  where  the  combustion  was  perfect,  ought  to  be  nearly  dustless,  and 

therefore  ought  not  to  be  a  good  medium  for  fogs.  But,  according  to  Mr.  Aitken^s 
experiments,  although  heating  the  air  by  flame  or  heated  metal  may  cause  the  dust- 
motes  to  become  invisible,  and  may  destroy  the  organic  matter  in  the  dust,  it  does 
not  remove  all  the  dust,  but  seems  rather  to  increase  the  number  of  the  particles. 

The  heat  would  seem  to  destroy  the  light-reflecting  power  of  the  dust  by  breaking  up 

the  larger  motes  into  smaller  ones,  and  by  cai'bonising  or  in  some  way  changing 
their  colour,  and  thus  making  them  less  light-reflecting. 

It  would  follow  from  this  that,  powerful  as  the  sun's  rays  are  as  a  dust-re vealer, 
we  have  in  the  fog-producing  power  of  the  air  a  test  far  simpler,  more  powerful  and 
delicate,  than  the  most  brilliant  beam  at  our  disposal.  When  steam  escapes  into  the 

air  it  condenses  on  the  dust-particles,  and  thus,  by  simply  magnifying  their  size, 

makes  their  number  evident  to  the  eye.  Our  "  breath,"  as  seen  on  a  cold  morning, 
is  evidence  of  the  dusty  state  of  the  air.  If  it  were  not  for  dust  we  should  never  see 

our  "  breath,"  nor  would  wreaths  of  steam  be  seen  floating  in  the  air  from  steam 
boilers,  nor  would  our  railway-stations  and  tunnels  be  thick  with  its  cloudiness. 

It  is  not  only  the  visible  dust-motes  seen  in  the  air  that  form  the  nuclei  of  fog 
and  cloud  particles,  as  these  may  be  all  destroyed  by  combustion,  and  yet  the  air 

remain  fog-producing.  Perhaps  the  most  active  of  all  substances  in  producing  fog 
is  sulphur  when  burned.  The  fog  produced  when  steam  has  been  blown  into  air  in 
which  a  very  little  sulphur  has  been  burned  is  so  dense  that  it  is  impossible  to  see 
through  a  depth  of  more  than  five  centimetres  of  it.  The  sulphides  when  burned 
also  give  similar  results. 

Hence  combustion  under  all  conditions  is  bad  as  a  fog-producer ;  bad,  whether 
the  combustion  be  perfect,  as  in  a  Bunsen  flame  and  a  clear  fire,  or  imperfect,  as  in 
a  smoky  flame  and  smoky  fire.  It  is,  therefore,  hopeless  to  expect  that  by  adopting 

fires  having  a  perfect  combustion — such  as  the  gas  fires,  now  so  much  advocated — 
we  would  thereby  diminish  the  fogs  which  at  present,  under  certain  conditions, 
envelop  our  towns,  and  give  rise  to  so  much  that  is  both  disagreeable  and 

detrimental.  All  fires,  however  perfect  the  combustion,  are  fog-producers  when 

accompanied  by  certain  conditions  of  moisture  and  tempei'uture. 
Dr.  Aitken  sums  up  his  experiments  with  the  following  suggestive  obser- 

vations : — 

'*  All  our  present  forms   of  combustion  not  only   increase   the  number  and 
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density  of  our  town  fo;^,  but  Hild  to  them  evib  unknown  in  the  fogs  which  veil 
our  hills  and  overhang  our  rivers.  In  the  country  our  fogs  are  white  and  pure, 
while  in  towns  they  are  loaded  with  smoke  and  other  products  of  imperfect 
combustion,  making  the  air  unwholesome  to  breathe  and  filthy  to  live  in.  But 
why  should  these  two  miseries  always  come  together  7  £ither  the  fog  or  the 
smoke  is  bad  enough  alone ;  why  should  the  smoke,  which  usually  rises  and  is 
carried  away  by  the  winds,  fall  to  the  ground  when  we  have  fogs  ?  I  think  that 
the  conditions  which  account  for  the  fog  also  account  for  the  smoke  falling.  When 

we  have  fogs  the  atmosphere  is  nearly  saturated  with  vapour,  and  the  smoke- 
|)articles,  being  good  radiators,  are  soon  cooled,  and  form  nuclei  on  which  the 

vapour  condenses.  The  :^moke-pai*ticles  thus  become  loaded  with  moisture,  which 
prcventfl  them  rising,  and  by  sinking  into  our  streets  add  their  murky  thickness  to 

the  foggy  air.  This  seems  to  explain  the  well-known  sign  of  falling  smoke  being 
an  indication  of  coming  rain.  That  the  colour  or  blackness  of  what  is  called  a 

pea-soup  fog  is  due  to  smoke  is,  I  think,  evident  from  the  fact  that  a  town  fog 

enters  our  houses  and  can-ies  its  murky  thickness  into  our  rooms,  and  will  not 
be  induced  to  make  itself  invisible,  however  warmly  we  treat  it.  It  will  on  uo 
account  dissolve  into  thin  air,  however  warm  our  rooms,  for  the  simple  reason 
that  heat  only  dissolves  the  moisture  and  leaves  the  smoke,  which  constitutes  a 

room-fog,  to  settle  slowly,  and  soil  and  destroy  the  furniture.  If  the  fog  were  pure 
— that  is  to  say^  were  a  true  fog,  and  nothing  but  a  fog,  such  as  one  sees  in  the 
country — it  would  dissolve  when  heated,  as  every  well-conditioned  fog  does.  A  fog 
is  never  seen  inside  a  country  house. 

"  But  while  admitting  the  bad  effects  of  a  fog  aggravated  by  smoke,  yet  we 
must  not  forget  the  probable  good  effects  of  the  smoke.  It  has  been  elsewhere 

pointed  out  that  the  suspended  smoke  or  soot  may  exercise  the  well-known  dis- 
infectant properties  possessed  by  the  different  forms  of  carbon.  Before  utterly 

condemning  smoke,  it  will  be  necessary  fully  to  consider  its  value  as  a  deodoriser. 

And,  further,  we  must  remind  those  who  are  crying  for  more  pei*fect  combustion 
in  our  furnaces  and  grates,  that  combustion,  however  perfect,  will  not  remove  or 

diminish  fogs.  It  will,  however,  make  them  cleaner,  take  away  their  pearsoupy 
character,  but  will  not  make  them  less  frequent,  less  sulphurous,  less  persistent,  or 
less  dense. 

"  We  have  shown  that  sulphur  in  its  different  forms,  when  burned,  is  most 
active  as  a  fog-producer.  Now,  almost  all  our  coals  contain  sulphur,  which  is 
burned  along  with  the  coal,  and  it  is  certainly  worth  considering  whether  some 
restiiction  ought  not  to  be  put  on  the  amount  of  sulphur  in  the  coal  used  in  towns. 

The  quantity  of  burned  sulphur  that  escapes  fix)m  our  chimneys  is  very  great 
Suppose  Ve  put  the  amount  of  coal  annually  consumed  in  the  London  district  at  a 

little  over  7,400,000  tona  Now,  the  avemge  amount  of  sulphur  in  English  coal  is 

more  than  1*2  per  cent.  Suppose  that  it  is  1  per  cent.,  so  as  to  be  within  the 
mark,  that  would  give  74,000  tons  of  sulphur  burned  every  year  in  London  fires,  or 
at  the  rate  of  about  200  tons  in  an  average  day;  and  the  amount  will  be  greater  in  a 

winter  day — a  quantity  somewhat  alarming — and  quite  sufficient  to  account  for  the 
density  of  our  fogs.  Its  pres3nce  and  effects  during  our  fogs  are  very  evident  in 
the  discoloured  metal  on  our  street  doors,  and  in  our  houses. 

"  But,  like  smoky  fires,  burnt  sulphur  is  not  an  unmitigated  evil.     During  fogs 
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the  air  is  still  and  stagnant ;  there  is  no  current  to  clear  away  the  foul  smells  and 
deadly  germs  that  float  in  the  air,  and  which  might  possibly  be  more  deadly  than 
they  are  if  it  were  not  for  the  powerful  antiseptic  properties  of  the  sulphurous 
acid  formed  by  the  burning  sulphur.  Before  condemning  the  smoke  and  fog- 
producing  sulphur,  it  would  be  well  for  us  thoroughly  to  investigate  their  saving 
properties,  and  weigh  their  advantages,  lest  we  should  substitute  a  great  and 

hidden  danger  for  an  evident  but  less  evil." 
The  general  conclusions  arrived  at  by  Dr.  Aitken  are  of  such  importance  that 

they  cannot  well  be  omitted  here.     They  are  as  follows  : — 
1.  That  as  regards  cloudy  condensation  of  vapour  in  our  atmosphere,  there  is 

dust,  and  dust.  Some  kinds  of  dust  have  such  an  affinity  for  water  that  they 
determine  the  condensation  of  vapour  in  unsaturated  air,  while  other  kinds  of  dust 

only  form  nuclei  when  the  air  is  supersaturated — that  is,  they  only  form  free 
surfaces  on  which  the  vapour  may  condense  and  prevent  supersaturation.  In  many 
of  the  experiments  it  was  noticed  that  when  the  air  was  nearly  purified,  when  all 
the  dust  which  had  an  affinity  for  vapour  had  received  its  burden  of  water  and 
settled  down,  that  there  remained,  to  near  the  end  of  the  experiment,  some  particles 
which  seemed  to  require  a  certain  degree  of  supersaturation  before  they  became 
active.  In  highly  supersaturated  air  all  kinds  of  dust  will  form  nuclei,  and 
determine  condensation ;  but  in  unsaturated  air,  only  those  kinds  of  dust  which 
have  an  affinity  for  water  will  be  active. 

2.  This  affinity  which  some  kinds  of  dust  have  for  vapour  explains  why  it  is 
that  our  breath  and  escaping  steam  dissolve  even  in  foggy  air.  The  large  cloudy 
particles  in  our  breath  and  in  condensed  steam  tend  to  evaporate  in  the  same  air  in 

which  condensation  is  taking  place,  because  the  dust-particles  on  which  the 
breath  has  condensed  have  had  their  affinities  more  than  satisfied ;  they  therefore 
tend  to  part  with  their  surplus  by  evaporisation  in  the  same  air  as  those 
particles  which  have  not  had  their  affinities  satisfied  tend  to  condense  it 

3.  Dry  fogs  are  produced  by  the  affinity  which  the  dust-particles  have  for 
water  vapour,  in  virtue  of  which  they  are  enabled  to  condense  vapour  in  un- 

saturated air.  From  the  expeiiments  with  chloride  of  sodium,  from  the  known 

affinity  of  that  salt  for  water,  and  from  the  fact  that  great  quantities  of  salt- 
dost  are  ever  present  in  the  air,  it  is  evident  that  if  it  is  not  tJie  cause  of  dry 

fogs  in  the  country  it  must  play  some  part  in  those  phenomena.  There  are  doubt- 
less also  other  kinds  of  nuclei  having  affinities  for  water  which  will  cause  dry  fogs. 
4.  Tliat  the  products  of  combustion  of  the  sulphur  in  our  coals,  especially  when 

mixed  with  the  other  products  of  combustion,  such  as  ammonia,  have  the  power 
of  determining  the  condensation  of  water  vapour  in  unsaturated  air,  and  give 

rLse  to  a  very  fine-textured  dry  fog ;  they  are  probably  one  of  tlxe  chief  causes 
of  our  town  fogs,  as  they  have  a  greater  condensing-power  than  tlie  products  of 
combustion  of  pure  coal. 

Though  there  may  seem  to  be  but  little  doubt  that  products  of  combustion  when 
mixed  with  the  sulphur  compoimds  are  most  active  producers  of  town  fogs,  yet  we 
must  not  rest  satisfied  that  they  explain  everything.  There  may  be  other  causes  at 
work,  and  conditions  yet  requiring  explanation  ;  and  the  nuclei,  though  found  in 
far  greatest  abundance  in  the  air  of  our  towns,  will  no  doubt  be  also  found  in  the 
air  of  the  country.     Professor  Tyndall  has  shown  that  light  decomposes  certain 
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gaiies  and  vapours,  and  that  this  decomposition  Ls  greatly  aided  by  the  presence  of 

other  gases  or  vapours.  It  seems,  therefore,  proltfible  that  the  sun's  rajs  will  decom- 
})08e  some  of  tlie  gases  and  vapours  in  the  air,  and  if  these  decomposed  substances 

have  a  lower  va[>our-tension  than  the  substance  from  which  they  are  formed, 

they  condense  into  very  fine  pailicles.  These  pai-ticles  may  be  solid  or  liquid], 
and  will  form  nuclei  for  the  condensation  of  water  vai)our.  We  know  that  there 

are  ever  present  in  our  atmosphere  great  quantities  of  chloride  of  sodium  aud 

other  kinds  of  dust  which  have  afiinities  for  water.  These  dust-particles  by 
tlieir  affinities  for  water  vapour  cause  condensation  to  take  place  in  unsaturated  air, 

and  if  present  in  great  quantities  give  rise  to  dry  fogs.  Moreover,  if  there  be  an 
affinity  between  the  dust  and  the  vapour,  each  particle  of  dust  tends  to  take  the 
same  amount  of  vai)our,  and  if  one  particle  get  more  than  its  proportion  the  others 

tend  to  I'ob  it  of  its  suqilus.  This  evidently  tends  to  equality  in  the  size  of  the 
cloud-particles,  and  tends  also  to  prevent  any  of  them  falling  through  the  others, 
aiul  thus  prevents  it  beginning  to  rain. 

But  after  the  affinities  of  the  dust-pai-ticles  are  satisfied,  this  tendency  to 
stability  no  longer  exists.  The  growth  of  the  particles  becomes  unequal,  and 
the  larger  drops  or  particles  in  a  cloud  will  tend  to  prevent  the  smaller  cues 
growing  after  the  affinities  of  the  nuclei  are  satisfied.  It  would  apjiear,  then, 
that  condensation  will  always  begin  in  our  atmosphere  before  the  air  is  Sc\turatecl 

There  are  other  questions  connected  with  dust  in  the  air  to  which  we  mast 

now  allude.  This  dust  contains  organic  matter  in  a  foi'm  from  wliich  bactena  an^ 
dtjveloped.  This  floating  matter  may  not  bo  uniformly  distributed,  but  pix)bably 
occurs  in  clouds  denser  in  one  place  than  in  another. 

Recent  observations  at  the  Montsouris  Observatory  at  Paris  show  that  the  air 
taken  from  the  centre  of  Paris,  and  especially  air  from  the  vicinity  of  sewers, 

pixxluced  bacteria  in  greater  quantities  than  air  taken  from  the  more  open  country. 
It  also  appeared  that  whilst  the  numbers  of  bacteria  were  comparatively  small  from 
air  collected  during  wet  weather,  they  increased  as  the  soil  became  drier,  but 
decreased  again  under  the  influence  of  bright  sunshiny  weather. 

We  are  still  only  on  the  thi-eshold  of  knowledge  as  to  how  diseases  are 
propagated.  The  experiments  of  Ty^^*^^^  Pasteur,  and  Koch  are  making  it  more 

probable  day  by  day  that  many  of  the  most  fatal  forms  of  disease  may  bo  propa- 
gated by  some  one  or  other  form  of  organism  which  finds  its  way  into  the  system. 

They  show  that,  given  a  satisfactoiy  "nidus,"  the  development  of  the  disease- 
germ  is  almost  certain  to  follow ;  and  yet,  how  is  it  that  in  localities  where  disease- 
germs  must  on  this  theory  often  be  filling  the  air,  so  many  persons  escape  the 
disease  1  Wliy  is  it  that  one  individual  develops  the  disease,  and  another,  exposed 
apparently  to  the  same  influences,  and  possibly  in  a  greater  degree,  escapes  1 

We  have  taken  the  first  step  in  progi'ess  by  ascertaining  what  will  cause  the 
disease.  The  next  step  is  to  follow  the  example  set  by  Lister,  and  ascertain  what 

will  prevent  the  individuals  exposed  to  the  disease-influence  from  afibrding  a 

satisfactory  "  nidus  "  for  the  reception  of  disease-germs. 
One  thing  we  do  know  from  past  experience,  and  experience  which  is  fortified 

by  the  recent  inquiries  into  disease-germs ;  and  that  is,  that  air  which  has  been 
previously  breathed  by  othere  tends  to  permit  certain  diseases  to  spread,  whilst  aa 

(^bund(gice  of  fi-esh  air  is  a  great  preveut}vp  tg  the  spread  of  disease. 
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We  know  that  phthisis  and  other  diseases  prevail  where  persons  breiithe  air 
rendered  impure  by  the  organic  matter  thrown  off  from  the  human  body  in  the 
process  of  breathing  and  transpiiing.  We  know,  by  what  was  done  in  the  British 
army,  that  tubercular  disease  can  be  diminished  by  good  ventilation  and  other 
sanitary  arrangements.  Dr.  Tyndall  has  shown  us  that  putrefaction  is  only  another 

form  of  organised  life.  We  know  that  malaria  appears  to  arise'  from  the  poison 
of  decaying  moist  vegetable  matter  in  marshes  and  forests ;  and  it  has  been 

suggested  by  Drs.  Klebs  and  Crndelli  that  it  is  caused  by  micro-organisms  present 
in  the  water  of,  or  floating  in  the  air  over,  such  localities.  We  also  know  that 
typhoid  fever  prevails  in  air  which  rises  from  the  putrefying  substances  in  sewera ; 
and  that  in  camps  men  have  suffered  from  typhoid  fever  in  consequence  of  their 

tents  being  placed  near  to  manure-heaps.  We  know  that  air  rendered  impure  by 
breathing,  by  the  presence  of  decaying  organic  matter,  and  by  other  preventible 
causes,  induces  a  low  state  of  vitality.  And  on  the  other  hand,  we  know  that  pure 
air  such  as  that  coming  over  the  sea,  or  that  on  the  top  of  a  mountain,  is  eminently 
restorative  of  vital  energy ;  and  we  believe  that  a  person  in  a  low  condition  of 
health  is  less  able  to  resist  disease  than  one  whose  vital  energy  is  unimpaired. 

So  long  as  air  is  in  movement  out  of  doors,  the  products  of  vegetable  and  animal 
waste  are  continually  removed  from  the  air  by  oxidation.  Much  of  this  oxidation 

is  probably  due  to  the  action  of  ozone,  and  would  not  be  effected  by  ordinary  or  in- 
active oxygen.  Ozone  is  oxygen  in  an  altered  or  allotropic  condition,  and  appears 

to  be  formed  by  the  passage  of  the  electric  «park  through  dry  oxygen,  or  by  slow 

oxidation  of  phosphorus  and  other  essential  oils  in  presence  of  moistui*a  Ozone  is 
insoluble  in  water.  Ozone  is  rarely,  if  ever,  absent  in  fine  weather  from  the  air  of 
the  country;  but  it  is  more  abundant,  on  the  whole,  in  the  air  of  the  mountain 
than  of  the  plain.  It  is  also  said  to  occur  in  larger  quantity  near  to  the  sea  than 
in  inland  distncta.  It  has  been  found  to  an  unusual  amount  after  thunder- 
storms. 

There  is  great  variety  of  opinion  as  to  the  atmospheric  conditions  wliich  produce 
ozone.  According  to  some  observers,  the  amount  of  ozone  in  the  air  is  greater  in 
winter  than  in  summer,  and  greater  in  spring  than  in  autumn ;  but,  according  to 

other  obsei-vers,  it  is  gi-eater  in  spring  and  summer  than  in  autumn  and  winter. 
tJzone  has  usually  been  found  more  abundantly  in  the  air  at  night  than  by  day ;  but 

j  imain,  some  careful  observers  have  found  the  reverse  of  this  statement  to  be  true. 
Xo  connection  lias  yet  been  proved  to  exist  between  the  amount  of  ozone  in  the 
atmosphere  and  the  occurrence  of  epidemic  and  other  forms  of  disease. 

Ozone  is  rarely  found  in  the  air  of  large  towns,  unless  in  a  suburb  when  the 

|«"ind  is  blowing  from  the  country.     An  experiment  made  last  autumn  at  the  end 
of  the  pier  at  Brighton  showed  the  presence  of  ozone  when  the  wind  was  blowing 

f»tF  the  sea,  but  no  ozone  was  present  when  the  wind  blew  directly  over  the  town ; 
and  it  is  only  under  the  rarest  and  most  exceptional  conditions  that  it  is  found  in 
Vu»;  air  of  the   largest   and  best-ventilated   apartments.     It  is,  in   fact,  rapidly 
'l^royed  by  smoke  and  other  impurities,  which  are  present  in  the  air  of  localities 

^bere  large  bodies  of  men  have  fixed  their  habitationa     The  pei-manent  absence  of 
^'^)Ilo  from  the  air  of  a  locality  may,  however,  be  regarded  as  a  proof  that  the  air 
li  ailultci-ate<l  air.     Its  absence  from  the  air  of  towns  and  of  large  rooms,  even  in 
tiie  country,  is  probably  the  chief  cause  of  the  djQeivijce  which  every  one  feels  when 
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he  bi-eatlioR  tlie  air  of  a  town  or  of  an  apartment,  however  spacious,  and  afterwanls 

inhales  the  fi-osh  or  ozone-containing  air  of  the  open  country. 
The  amount  of  ozone  in  t)ie  Atmosphere  is  extremely  small,  and  an  excess  of 

ozone  is  destructive  to  life ;  thus  the  respiration  for  a  very  short  time  of  oxyjjen 

containing  about  ̂   ̂-^  part  of  ozone  is  certainly  fatal  to  all  animals ;  whilst 
similar  animals  will  live  in  good  hetilth  for  months  after  respiring  oxygen  alone  for 

thirty-seven  hours,  the  carl>onic  acid  being  removed  during  the  experiment. 

The  value  of  ozone  as  a  purifit»r  of  air  has  received  some  practical  applicaticm 
both  in  this  country  and  in  the  United  States ;  and  in  New  York  an  apparatus 

for  pixxlucing  ozone  from  the  slow  combustion  of  phosphorus  is  sometimeo  usc^l 
in  crowded  offices  as  a  mo.ins  of  purifying  the  air.  Of  the  useful  effects  of  tin?. 

apiKiratus  there  are  no  recorded  exj)eriments.  It  is,  however,  to  Xye  observe  I 

that,  whatever  may  be  the  bout»ficial  effect  of  ozone  in  destroying  putrefyii. 

organic  mutter,  ozone  in  e:;c  's.s  is  a  deadly  poison. 

IT 
o 
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CHAPTER  XLVIIL 

Deterioration  of  Air  in  Confined  Spaces— ££Feci  of  Respiration — Danger  from  re-brcathed  Air — Dr. 
Leeds*  Experiments — Army  Experience  — Tovn  Air — Density  of  Population. 

The  process  of  breathing  takes  air  into  the  lungs  and  expels  it  in  a  deteriorated 
condition,  because  the  air  is  thereby  deprived  of  its  vital  oxygen,  which  is  replaced 

by  cai'bonic  acid,  by  a  large  amount  of  water,  and  by  a  variable  quantity  of  animal 
(organic)  matter.  This  organic  matter,  on  an  average,  may  be  estimated  at  thirty 
or  forty  grains  a  day  for  each  adult.  It  consists  of  small  particles  of  skin 
(epithelium),  fatty  matters,  and  a  peculiar  foetid  (organic)  vapour,  which  is  the 
cause  of  the  disagreeable  odour  in  close  and  crowded  rooms,  which  gives  rise,  by  its 
decomposition,  to  products  detrimental  to  health. 

If  this  air  be  passed  through  water,  the  latter  soon  exhibits  all  the  phenomena 

'  of  putrefactive  fermentation. 
The  water  given  out  in  respiration  is  loaded  with  animal  impurities;  it  condenses 

on  the  inner  walls  of  buildings,  and  trickles  down  in  foetid  streams,  and  evaporates 
or  sinks  into  the  walls,  leaving  the  impurities  on  the  surface.  On  this  account,  a 
pecuhar  disagreeable  smell  may  often  be  perceived  in  rooms  which  hav^  been  long 

inhabited,  especially  rooms  which  have  been  inhabited  by  large  numbers  of  pei-sons, 
and  the  wall-surfaces  of  which  have  not  been  often  renewed.  The  oxygen  is,  of 
coarse,  diminished  in  the  direct  ratio  of  the  consumption  of  carbon  and  hydrogen  in 
the  system.  But  a  man  vitiates  more  air  than  is  needed  for  respiration ;  an  un- 

certain quantity  of  fresh  air  is  both  needed  and  vitiated  in  each  minute  by  trans- 
piiution.  A  constant  exhalation  of  carbonic  acid  transpires  from  the  skin,  by  no 

means  so  large  as  that  emitted  from  the  breath,  but  probably  one-fourth  or  one- 
fifth  as  greatw  The  regularity  of  this  transpiration  nearly  equals  that  of  respiration. 
Accompanying  this,  it  is  probable  that  an  absorption  of  oxygen  corresponding  to 
the  equivalent  of  oxygen  in  the  carbonic  acid  takes  place. 

Experiments  have  been  made  to  determine  the  amount  of  carbonic  acid  which  is 

given  out  in  the  process  of  breathing.  A  subsistence  diet,  sufiicient  for  the 
internal  work  of  the  body  only,  is  a  little  under. three  thousand  gmins  of  carbon 

daily,  yielding  about  13*G  cubic  feet,  or  about  0*57  cubic  feet  per  hour  of  COj 
Angus  Smith,  in  his  experiments,  was  unable  to  find  more  than  0*4  cubic  feet  per 

hour  of  CO3  given  off;  but  the  experiments  of  Pettenkofer  showed  that  in  a  state  of 

repose  an  adult  gave  off  about  0*7,  and  in  a  state  of  active  work  0*9  to  1*0,  or  more. 
The  numbers  correspond  pretty  closely  with  theoretical  calculation,  but  if  the 

number  0*6  cubic  feet  be  taken  to  allow  for  difference  of  age,  weight,  and  sex,  it 
^ill  be  well  within  the  mark  in  the  calculation. 

The  constitution  and  usual  diet  of  the  person  experimented  on  no  doubt 
influences  the  result.     Temperature  also  has  an  effect. 

With  a  high  temperature,  the  quantity  of  oxygen  present  in  the  air  is 

diminished.  Thus,  a  cubic  foot  of  diy  air  at  32°  weighs  566  85  grains,  and  if  the 
proportion  of  nitrogen  and  oxygen  be  assumed  to  be  by  weight  seventy-seven  and 

36 
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twriity-tlii^ee  per  cent,  and  the  slight  amount  of  carbonic  acid  be  neglected,  there 
will  be  in  a  cubic  foot : — 

436*475  grains  of  nitrogen. 
130*375  graina  of  oxygen. 

666*850. 

As  a  man  draws,  on  an  average,  when  tranquil,  1G*6  cubic  feet  per  hour  into  his 
lun^  he  will  thus  receive  130*375  x  16*6  =  2,164*2  grains  of  oxygen  per  hour.         i 

At  a  temperature  of  80^,  the  foot  of  air  weighs  516*38  grains,  and  on  the  same 
assumption  is  made  up  by  weight  of — 

397*61  gjaina  of  nitrogen 
11 8' 7  7  grains  of  oxygen. 

516*38. 

Therefore,  in  a  hour,  if  a  man  withdraws  16*6  cubic  feet^  he  will  receive  118*77 
X  16*6=1,971*6  grains  of  oxygen  per  hour.      Or,  in  other  words,  in  an  hour  be 

would  receive  192*6  grains  of  oxygen  less  with  the  higher  temperature  j  that  is  to 
say,  he  would  breathe  an  amount  equal  to  about  90  per  centw  of  the  amount  he 
would  breathe  at  the  lower  temperature. 

Experiments  have  been  tned  with  birds  and  animals  which  tend  to  show  th&t 

there  is  less  than  one  half  exhaled  when  bi-eathing  air  at  a  temperature  above 
86"  Fahrenheit  than  there  is  when  breathing  air  at  a  temperature  near  the  freezing- 
point  This  is  practically  illustrated  by  the  fact  that  when  we  are  breathing  air  at 
this  very  low  temperature  we  are  twice  as  active,  and  can  do  twice  as  mudi  work, 
as  when  we  are  breathing  air  of  nearly  the  temperature  of  our  own  bodies.  We 

know  how  very  languid  and  good-for-nothing  we  feel  on  a  hot  summer's  day  ;  and, 
on  the  contrary,  how  fresh  and  vigorous  we  feel  in  the  open  air  of  a  cold  bracing 

winter's  day. 
The  amount  of  vapour  given  out  by  the  breath  varies ;  but  taking  the  amount 

from  skin  and  lungs  together,  it  may  be  assumed  at  about  30  ounces  per  diem, 
or  about  550  grains  per  hour,  enough  to  saturate  about  90  cubic  feet  of  air  at 

a  temperature  of  63°  Fahrenheitw  The  amount  of  oi-ganic  matter  has  l»een 
variously  estimated,  but  there  are  hardly  any  trustworthy  experiments  on  record. 

As  already  mentioned,  this  or^nic  matter  is  highly  poisonous  3  and  it  is  as 

much  from  the  presence  of  this  as  fi*om  carbonic  acid  in  re-breathed  air  that  injun* 
arises. 

The  virulent  nature  of  this  poison  of  impure  air  and  the  rapidity  of  its  action 

are  exemplified  by  many  instances,  of  which  we  will  select  one  or  two,  which  aiv^ 
however,  well  known. 

In  the  year  1756  there  were  146  individuals  confined  in  a  small  cell  known  as 

the  Black  Hole  of  Calcutta.  This  cell  was  18  feet  long  by  14  feet  wide,  being  so 

small  that  the  last  person  of  the  146  had  to  be  crushed  in  upon  the  i^est  with 
violence  as  the  door  was  closed  and  locked.  The  only  means  of  ventilation  were 

two  small  holes.  In  the  morning  123  corpses  were  taken  out,  and  twenty-three 
beings  who  could  scarcely  be  said  to  be  alive. 

The  steamship  Ltmdonderry  left  Sligo  for  Liverpool  on  2nd  December,  1848t 
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and  stormy  weather  ooiuing  on,  the  captain  forced  200  steerage  passengers  into 
their  cabin,  which  was  18  feet  by  11  feet,  and  7  feet  high.  The  hatches  were 

battened  down  and  covered  with  tarpaulin.  When  the  cabin  was  opened  seventy- 
two  persons  were  found  dead,  and  several  expiring. 

Horace  Walpole  mentions  that  in  1742  a  set  of  jolly  Dogberries,  virtuous  in 
their  cups,  resolved  that  every  woman  out  after  dark  ought  to  be  locked  up  in  the 

round-house.  They  captured  twenty-six  unfortunates^  and  shut  them  in  with  doors 
and  windows  fastened.  The  prisoners  exhausted  their  breath  in  screaming.  One 
poor  girl  said  she  was  worth  eighteenpence,  and  cried  that  she  would  give  it  gladly 
for  a  cup  of  water.  Dogberry  was  deaf.  In  the  morning  four  were  brought  out 
dead,  two  dying,  and  twelve  in  a  dangerous  condition. 

These  were  all  deaths  caused  by  breathing  over  again  air  which  had  been  once 

Li-eathed  without  any  fresh  air  to  dilute  it 
These  cases  of  suffering  and  death  may  be  said  to  have  arisen  from  causes  out 

of  the  control  of  the  victims.  But  in  many  instances  the  sufferers  have  themselves 
created  the  evils. 

The  following  instance  of  disease  directly  traceable  to  the  generation  of  impure 
air  in  a  room  from  carelessness  was  mentioned  nearly  eighty  years  ago  by 
Dr.  Beddoes,  and  deserves  to  be  alluded  to,  as  illustrating  the  importance  of  opening 

out  bed-clothes  in  the  morning,  and  keeping  dirty  linen  in  baskets  instead  of 
in  closed  boxes  or  drawers.  One  man  of  the  Horse  Artillery  at  Woolwich  was 
admitted  into  the  hospital  with  a  suspicious  fever,  next  day  another.  This  excited 
inquiiy.  It  was  found  that  they  came  from  two  different  barrack-rooms.  These 
were  followed  by  other  men,  in  all  amounting  to  eight,  three  of  whom  came  from  a 

Bc^pai-ate  room,  the  rest  from  the  same  rooms.  All  the  rooms  whence  the  infected 
men  came  were  found  to  have  entirely  different  bedding  from  the  rest  of  the 
barracks.  The  Horse  Artillery  being  a  corps  in  constant  readiness  for  service,  and 
whose  appointments  were  always  complete,  had  for  convenience  of  carriage 
hammock  bedding.  Tlie  hammocks  were  rolled  up  tightly  every  morning  the 
moment  the  men  rose,  and  they  were  unloosed  when  they  went  into  them  at  night 
At  this  time  there  had  been  so  much  and  so  constant  rain,  that  this  bedding  had 
not  been  aired  or  opened  for  a  single  day  for  at  least  two  months.  The  hammocks 
with  their  bedding  were  examined,  and  the  moment  they  were  opened  a  veiy 
peculiar  nau.seating  smell  was  peraeptible.  Immediate  steps  were  taken  to  alter 
the  bedding,  and  no  further  mischief  took  place. 

Here  an  infectious  fever  evidently  arose  from  the  confinement  of  the  effluvia 

(or  fumes,  vapours,  exhalations)  from  a  man's  own  person  for  a  tei-m  of  about  two 
months. 

When  the  effects  do  not  go  thus  far,  the  breathing  of  contaminated  air 
^<idually  lowers  the  standard  of  health ;  and  either  alone,  or  combined  with  want 
of  food  or  exercise,  or  with  excessive  work  and  irregular  habits,  becomes  a  fertile 
Ciiose  of  consumption  and  diseases  of  the  lungs  and  other  organs.  An  atmosphere 
of  tliis  kind,  if  not  capable  of  generating,  certainly  causes  a  more  rapid  spread 
of  such  diseases  as  fever,  small-pox,  scarlatina,  &c.|  as  much  by  favouring  the 
development  of  the  special  pobion  as  by  rendeiing  the  body  less  hoaJthy,  and 
therefore  less  capable  of  resisting  the  disease-poison. 

Speaking  of  this,  Dn  Carpenter  says  in  his  work  on  ''Human  Phyaiologyi** 
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that  the  '*  purity  of  the  atmosphere  habitually  respired  is  essential  to  the 
maintenance  of  that  power  of  resisting  disease  which,  even  more  than  the  ordinary 
state  of  health,  is  a  measure  of  the  real  vigour  of  the  system.  For,  owing  to  the 
extraordinary  capability  which  the  human  body  possesses  of  aooommodating  itself 
to  circumstances,  it  not  unfrequently  happens  that  individuals  continue  for  years  to 
breathe  a  most  unwholesome  atmosphere  without  apparently  suffering  from  it,  and 
thus  when  they  at  last  succumb  to  some  epidemic  disease  their  death  is  attiibutetl 
solely  to  the  latter,  the  previous  preparation  of  their  bodies  for  the  reception 

and  development  of  the  zymotic  poison  being  altogether  overlooked." 
The  effect  of  fresh  air  is  to  accelerate  the  functions  of  the  body,  so  as  to 

enable  more  work  to  be  done.  Dr.  Beddoes  mentions  a  case  in  which  fre&ii 

air  was  supplied  to  a  work-room  where  some  dressmakers  had  been  working 
in  a  very  close  atmosphere.  The  dressmakers  complained  that  the  ventilation 
increased  their  appetite,  and  that  unless  their  wages  were  raised  to  enable 
them  to  buy  food  tliey  would  prefer  to  have  the  close  atmosphere  restored;  hut 
they  did  much  less  work  in  a  day  in  the  close  atmosphere  than  they  did  witli 
the  due  amount  of  ventilation,  and  the  additional  work  was  worth  more  tban 
the  additional  sum  for  wages. 

Dr.  Leeds,  of  New  York,  mentions  an  experiment  which  exemplifies  this  same 
thing. 

The  account  he  gives  is  too  graphic  to  omit :  ''I  took  six  half-gallon  jais, 
six  quai*t  jars,  and  six  pint  jars,  making  eighteen  in  all,  into  all  of  which  I  enticed 
flies.  Some  had  twenty,  some  forty,  and  some  sixty.  Two  of  the  bottles  of  each 
size,  making  six  in  all,  I  filled  with  my  breath,  and  sealed  up  tight;  two  of  each 

size  I  simply  sealed  tight,  but  filled  with  pure  aii* ;  and  the  other  six,  two  of  each 
size,  I  covered  with  coai*se  netting,  so  as  to  allow  of  a  free  circulation  of  air  and 
keep  the  flies  confined.  It  was  in  sunmier,  and  I  closed  them  up  at  6  p. in.,  the 
sun  about  an  hour  high;  I  observed  their  condition  at  intervals  of  an  hour. 
At  the  end  of  the  first  hour  those  confined  in  the  breath  were  very  stupid,  many  of 
them  tumbling  about  from  side  to  side,  and  none  able  to  fly.  Those  confined  in  the 
pure  air  were  niocbrately  lively,  about  half  of  them  could  fly  fix>m  side  to  side,  and 
were  just  as  much  at  the  bottom  as  at  the  top  of  the  jar.  But  a  very  diiferent 

scene  w^as  presented  as  the  othei*s  with  the  circulating  air  were  examined ;  they 
were  all  crowded  to  the  fresh  air  opening,  their  feet  sticking  up  through  the 
netting,  and  there  they  remained  with  much  persistence.  If  driven  away,  they 
would  immediately  return,  and  in  one,  there  being  more  flies  thaCn  room  at 
the  fresh  air  opening,  they  had  to  take  turns  standing  at  the  window :  which 
reminded  me  of  what  I  observed  at  Ncoshville  jail,  which  was  so  sliamefuUy 
crowded,  and  with  so  little  air,  tliat  each  prisoner  was  allowed  just  so  many 
minutes  to  stand  by  the  little  hole  that  admitted  the  fresh  air;  and  tliis  was 
considered  so  great  a  privilege,  each  one  waited  with  the  greatest  anxiety  and 
impatience  for  his  turn,  and  they  would  never  miss,  night  or  day. 

"So  it  seemed  to  be  a  great  privilege  with  these  flies,  but  I  suppose  they  did 
not  take  their  turn  with  so  much  punctuality. 

"  In  two  hours  some  of  the  flies  in  the  breath  seemed  nearly  dead,  the  othen 
much  the  same.  At  ten  in  the  evening  no  particular  change.  Kext  morning, 

at  six  o'clock^  no  marked  difference;   those  in  the  breath  a  little  more  stupid, 
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and  two  or  three  apparently  dead ;  one  or  two  in  the  confined  pure  air  about  dead. 
On  being  put  out  in  the  bright  morning  sun  they  revived  wonderfully  :  those  with 
the  circulating  fresh  air  kept  up  a  perfect  humming,  and  the  others  revived  very 
much ;  but  few,  however,  of  those  in  the  breath  were  able  to  fly  even  with  this 
extra  stimulua  At  10  a.  m.  I  went  to  town,  and  at  5  p.m.  returned  home.  I 

expected  to  find  all  those  in  the  breath  dead,  those  in  the  confined  pure  air  about 

half-dead,  and  those  in  the  circulating  pure  air  as  lively  as  ever ;  but  to  my  utter 

astonishment  and  disgust  I  found  every  one  of  those  in  the  pure  air  stark  dead — 
not  a  vestige  of  life  in  a  single  fly.  Those  in  the  pure  confined  air  were  about  half 

dead,  and  nearly  the  same  proportion  of  those  confined  in  the  jar  with  the  breath. 
But  they  did  not  die  even  in  these  with  perfect  regularity. 

"Those  in  the  breath  died  a  little  the  fastest;  but  very  soon  after  I  noticed 
another  form  of  animal  life,  in  the  shape  of  maggots,  which  soon  attained  the  size 
of  the  original  flies. 

"  Some  of  these  flies  in  the  breath  and  confined  pure  air  lived  ten  days  (there 
would  be  but  one  or  two  in  a  bottle  that  lingei*ed  so  long)  ;  the  other  animcd  life 
lingered  some  three  weeks.  These  bottles,  upon  being  opened,  emitted  a  horrid 
stanch. 

"  But  the  bodies  of  the  flies  confined  in  the  pure  circulating  air  never  had  the 
least  unpleasant  odour,  were  never  touched  by  any  insect,  and  three  months  after 
their  bodies  were  just  as  bright  and  clear  as  the  day  they  died.  Thus,  those  in  the 

foul  air  lived  ten  times  as  long  as  those  in  the  pure  air.  Now  the  pi*actical  lesson 
this  teaches  is  what  I  before  asserted,  that  when  you  breathe  pure  air  you  live 
faster,  so  to  speak ;  you  are  much  more  lively ;  you  use  much  more  exertion ;  but 
all  this  exertion  requires  power,  and,  universally,  power  requires  food. 

"  Now  these  flies  in  the  circulating  pure  air  no  doubt  used  more  exertion  or  did 
more  work  in  the  few  houi-s  they  were  living  without  food  than  did  those  which 
lived  ten  days— r-their  bodies  were  so  thoroughly  used  up  there  was  nothing  but 
skin  and  bones  left" 

This  explains  what  might  otherwise  seem  a  strong  argument  against  breathing 
pure  air. 

We  find  many  poor  people  living  in  poor  unventilated  houses,  who  exist  to 
quite  an  advanced  age ;  but  they  are  often  sick  and  feeble,  and  if  they  both  live 
and  work  in  close,  unventilated  rooms,  they  will  eat  much  less,  and  do  much  less 

work,  than  those  who  live  and  work  in  fresh  air.  The  course  which  a  pei-son 
should  pursue  who  desired  to  fast,  like  Dr.  Tanner,  for  a  long  period,  would  be  to  ̂  
shut  himself  up  in  a  close  room,  without  change  of  air  or  exercisa 

And  similarly,  when  a  person  finds  he  cannot  earn  his  living,  or  if  he  earns  so 
little  that  he  cannot  get  sufficient  food  to  eat,  he  had  better  imitate  the  hybernating 
animals  as  nearly  as  possible,  and  get  into  some  close,  unventilated  place,  and  lie 
down  in  perfect  quiet  and  repose,  and  not  fret  at  all,  and  he  will  then  be  able  to 
exist  on  very  little  food. 

On  the  contrary,  when  persons  think  they  are  able  to  earn  their  own  living  and 
a  little  more,  and  desire  to  live  their  lives,  and  enjoy  thorough  physical  health  and 
strength,  the  more  pure  air  they  breathe,  provided  they  have  an  abundance  of  good 
wholesome  food  and  plenty  of  exercise,  the  better  and  the  greater  will  be  the 
amount  of  physical  or  mental  labour  they  will  be  able  to  perform. 
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The  resultfl  of  fresh  air  on  the  health  of  the  army  were  most  striking.  The 

large  mortality  snflTered  by  the  army  during  the  Crimean  War  led  the  Crovemmeut 
to  cause  a  careful  examination  of  the  barracks  and  militazy  hospitals  in  Great 
Britain  to  be  made,  which  showed  that  defective  ventilation  prevailed  to  a  great 
extent.  Numerous  improvements  were  consequeutly  introduced  into  barracks,  and 

the  following  is  the  comparative  mortality  of  the  troops  at  home  stations  befon* 
and  after  these  improvements  in  barracks  had  been  effected.  Before  the  improve- 

ments, the  zymotic  diseases  amounted  to  4*1  per  1,000  living;  chest  and  tubercular 
diseases  to  10*1  per  1,000  living;  all  other  diseases  to  3*7  per  1,000  living;  and 
the  total  annual  mortality  to  17*9  per  1,000  living,  or  nearly  double  the  mortality 

amongst  the  civil  male  population  of  soldiers'  ages  in  England,  which  was  only  9*8 
per  1,000,  although  the  soldier  is  specially  selected  after  medical  inspection  as  a 
healthy  man. 

After  the  ventilation  of  barrack-rooms  and  improved  means  of  warming  had 

been  effected,  and  improved  latrine  and  drainage  arrangements  and  a  better  water- 

supply  had  l)een  introduced,  the  deaths  from  zymotic  diseases  were  only  0*96  per 
1,000  living;  chest  and  tul)ercular  diseases  only  4-20  per  1,000  living;  all  other 
diseases  remained  about  the  same,  viz.,  3*40,  the  total  annual  mortality  hAns: 
reduced  to  8*56  per  1,000  living,  a  mortality,  under  the  circumstances,  still  t^to 
high,  and  which,  we  may  trusty  will  gradually  diminish ;  but  it  is  noteworthy  that 
after  the  ventilation  in  the  barrack-rooms  had  been  perfected,  an  increase  had  to 
be  made  in  the  amount  of  the  soldiers'  rations. 

Similarly,  the  older  cavaliy  stables  were  low-roofed,  with  windows  and  doors 
at  the  ends ;  they  were  dark ;  there  were  no  proper  means  of  ventilation  :  the 

drainage  was  defective ;  the  cobble-stone  paving  was  in  use,  which  could  never  lie 
properly  cleaned.  The  horses  had,  in  short,  no  fresh  air  to  breathe,  and  suffereil 
from  glanders,  coughs^  catarrhs,  and  other  chest  diseases.  These  older  stables  have 
been  ventilated,  and  the  paving  and  drainage  improved  as  far  as  practicabla  New 
stables  have  been  constructed,  on  principles  the  reverse  of  the  old.  They  have 
sufficient  cubic  space ;  they  have  abundant  means  of  light  and  fresb  air ;  the 

horses'  heads  are  turned  to  the  outer  walls,  and  provision  is  made  for  fi'esh  air 
being  supplied  to  the  horse  while  he  is  lying  down ;  the  paving  and  drainage  have 
been  properly  constructed.  Since  then,  glanders  has  scarcely  been  heard  of,  coughs 
and  catarrhs  have  disappeared,  and  the  horses  arc  healthy. 

It  is  unnecessary  to  multiply  instances. 
In  speaking  of  carbonic  acid,  we  have  shown  how  comparatively  uniform  is  the 

quality  of  air  out  of  doors,  and  that  great  differences  in  the  quality  of  air  ai-e 
shown  from  an  analysis  of  the  air  in  rooms.  The  impurities  in  air  out  of  doors 

become  rapidly  dissipated  in  the  surrounding  atmosphei^a 
Dr.  Leeds,  of  New  York,  says : — "  There  was  quite  an  account  made  a  few 

years  ago  of  the  wonderful  cures  of  consumption  that  had  been  performed  by  the 
patieilt  being  removed  to  the  stable,  where  he  could  be  in  close  proximity  with  the 
cow ;  and  I  have  no  doubt  many  consumptive  patients  would  find  great  benefit 
by  such  a  course  of  treatment :  not  that  there  is  any  virtue  in  the  smell  of  the  cow, 

but  that  the  air  of  the  cow-stable  would  be  nearer  pure  than  that  of  their  own 

chamber.*' 
Tlie  reason  why  cities    ai'e    so   much   more  unhealthy  than  the    country   is 
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becaiise  the  air  in  the  streets  is  so  much  contaminated  by  the  impurities  -v^hich  it  is 
the  practice  to  retain  in  and  about  the  houses,  on  the  street  surfaces,  and  often 
on  open  spaces.  It  frequently  happens  that  the  whole  subsoil  of  a  town  becomes 

saturated  with  impurities  fi^om  carelessness  in  removing  filth,  and  then  that  it  gives 
oat  dangerous  emanations  In  many  Indian  cities  nitre  is  obtained  from,  the 

subsoil,  which  i-esults  from  the  surface  having  been  long  used  as  a  deposit  for 
excreta.  The  whole  subsoil  of  our  cities  used  to  be  perforated  with  cesspits,  which 
were  generally  porous;  and  were  so  preferred,  as  rendering  frequent  emptyings 
luineoessary.  The  experience  of  Munich  is  most  instructive  on  this  question.  In 
that  city  the  enteric  fever  mortality,  per  1,000,000  of  inhabitants,  for  quinquennial 
periods  was  as  follows : — 

From  1854  to  1859,  when  there  were  absolutely  no  regulations  for  keeping  the  soil  clean, 
and  cesspits  were  porous   24.2 

From  1860  to  1865,  when  reforms  were  begun  by  cementing  the  bottoms  and  sides  of 
porous  cesspits   ■      .     16.8 

From  1866  to  1873,  when  there  was  partial  sewerage   13.3 
From  1876  to  1880,  when  the  sewerage  was  complete   •        •        .8.7 

This  contamination  of  the  air  is  specially  important  in  most  cities;  and, 
indeed,  ia  almost  all  old  cities,  because  the  houses  are  so  built  together 
that  the  vast  ocean  of  air  with  which  we  are  surrounded  cannot  get  at  and 
through  the  houses  to  purify  them,  as  it  does  in  the  houses  in  the  country. 
It  is  probable  that  a  family  living  in  the  filthiest  street  in  a  city,  if  they 
were  careful  to  have  a  constant  current  of  air  from  that  street,  filthy  as  it 

is,  passing  thi-ough  the  house  at  all  times,  night  and  day,  would  be  more  healthy, 
other  things  being  equal,  than  a  family  spending  their  winters  in  the  finest  house, 

if  kept  air-tight,  in  the  healthiest  location  in  the  city,  and  their  summer  in  the 
country,  especially  if  they  were  always  careful  to  exclude  the  night  air  from  their 
bed-rooms. 

This  is  fully  borne  out  by  the  experience  gained  in  London. 
For  instance,  the  average  density  of  population  of  the  metropolis  is  stated  to  be 

42  persons  per  acre.  But  the  crowded  district  of  St.  Giles  has  a  population  of  300 
per  acre,  whereas  Eltham  has  a  population  a  little  over  one  peraon  per  acre. 

The  death-iute  of  London,  in  a  recent  year,  was  23*8  per  1,000;  that  of  the 
district  of  St.  Giles  was  27  per  1,000 ;  whilst  the  death-rate  of  Eltham  was  barely 
IT  per  1,000. 

In  these  thickly-peopled  districts  there  are  narrow  streets  and  courts ;  the 
houses  are  back  to  back,  without  any  opportunity  for  the  air  to  circulate  between 
them,  and  therefore  the  impurities  which  necessarily  float  in  the  air  of  all  occupied 
dLstricts  cannot  obtain  full  exposure  to  the  air,  which  alone  can  effect  purification. 
Many  instances  can  be  given  of  the  unhealthiness  of  confined  districts.  From  the 
Heport  of  the  Select  Committee  of  the  House  of  Commons  on  the  Artisan  and 

Labourers'  Dwellings  Act,  it  appeared  that  in  parts  of  Limehouse,  where  514 
persons  were  crowded  into  each  acre  of  space,  the  death-rate  was  50  per  1,000, 
as  against  23  per  1,000  for  the  whole  district. 

But  when  sanitary  conditions  are  carefully  observed,  the  density  of  population 

affords  no  index  of  the  death-rate.     K,  instead  of  covering  an  acre  of  ground  with 
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houses  two  or  three  storeys  high,  without  circulation  of  air  between  them,  the  same 
amount  of  population  is  accommodated  in  lofty  buildings,  say  six  or  seven  stereTs 
high,  with  spaces  in  front  and  behind  for  the  circulation  of  air,  Teiy  different 
resultA  follow. 

Cei'tain  model  lodging-houses,  affording  a  density  of  860  and  1,140  persons  per 
acre,  have  yielded  death-rates  not  exceeding  from  16  to  18  per  1,000,  which  is 
owing  entirely  to  the  freedom  with  which  the  surrounding  air  is  allowed  to  circakte 
around  and  through  the  buildings,  and  to  the  care  exercised  to  remove  every  souroe 
of  inipunty  from  within  the  buildings  and  from  the  open  surfaces  retained  aroand 
them.  In  addition  to  these  considerations  there  is,  in  the  use  of  lofty  houses,  also 
a  benefit  derived  from  elevation  per  se.  The  humidity  at  heights  of  above  50  feet 

fi*om  the  gi*ound  up  to  300  feet  is  less  at  night  than  nearer  tlie  ground.  In  clear 
weather  and  low  fogs,  between  sunset  and  sunrise,  the  temperature  at  50  feet 
is  nearly  always  higher  than  on  the  ground  or  10  feet  from  it  It  will  be 
found  tliat  at  a  height  about  equal  to  that  on  the  upper  rooms  in  a  high  house,  a 

more  equable  temperature  and  drier  climate  prevails  than  at  lower  levels — drier 
tlian  at  the  seaside,  and  with  a  daily  range  not  much  greater ;  and  tiiat  it  is 
le^  cold  on  the  coldest  and  on  foggy  nights  than  down  below.  This  experience 
may  he  summed  up  as  follows — viz :  Other  circumstances  being  favourable,  delicate 

pei*sons  should  not  sleep  on  a  ground  floor,  or  live  in  low  situations ;  and  living 
near  the  top  of  a  high  house  and  on  the  ridge  of  a  hill  might  be  of  great  benefit  in 
many  cases  of  lung  and  throat  diseases,  and  in  all  cases  where  night  air  has  a  bad 
effect.  The  ground  floor  of  all  houses  should  be  raised  above  the  ground  and 
well  ventilated  underneath,  and  houses,  especially  cottages,  should  never  be 

considei*ed  habitable  in  which  these  precautions  have  not  been  taken.  Moreover, 
in  a  thaw  after  hard  frost,  when  colds  and  chills  are  frequent,  fires  aro  more 
necessary  in  lower  rooms  than  during  frost.  It  is  also  noteworthy  that  in  frosty 
weather  there  must  be  some  economy  in  admitting  fresh  air  to  a  house  from  the 

upper  pai*t,  where  the  air  enters  less  cold  than  near  the  ground.  It  should  be 
bonie  in  mind  that  chills  are  more  probable  in  low  situations,  and  from  draughts 
in  lower  rooms,  about  the  time  of  sunset,  than  at  higher  levels ;  and  that  proximity 

to  rivers,  where  extremes  of  temperature  and  damp  mists  occur,  is  most  unwhole- 
some for  rheumatic  and  delicate  persons.  From  these  various  considerations  it 

should  be  recollected  that  for  soldiers  in  time  of  war,  and  in  all  cases  of  camping 
out  in  the  o]ien  air,  it  must  be  of  great  advantage  to  be  raised  a  little  above  the 
ground  at  night. 
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CHAPTER  XLIX. 

Fhysical  Properties  of  Air— Movement  of   Air— Diffusion  of  Gasc;— Standard  of  Admissible  Im- 
poritj  of  Air  in  Confined  Spaces— Hygrometrical  Standard. 

The  first  necessity  is  to  obtain  fresh  air  around  our  dwellings,  and,  having 
secured  that,  the  object  of  ventilation  is  to  enable  us  to  a.ssimilate  the  condition  of 
air  indoors  as  nearly  as  possible  to  that  out  of  doors,  so  as  to  obtain  in  our 
dwellings  a  continual  movement  and  change  of  air. 

Before,  however,  explaining  the  methods  by  which  ventilation  can  be  secured, 
it  is  necessary  to  explain  certain  facts  connected  with  the  physical  constitution  of 
air. 

Atmospheric  air  is  governed  by  the  laws  which  regulate  other  gases.  Gases  are 
perfectly  elastic  bodies.  The  elasticity  of  solids  is  within  certain  limits  only ;  the  best 
springs  of  locomotive  engines  and  carriages  seem  cajmble  of  enduring  only  a  limited 
number  of  bendings  before  they  break.  Air  remains  constantly  elastic.  It  has 

been  shut  up  for  years  in  the  air-vessel  of  an  hydraulic  engine,  and  still  exhibited 
this  propei-ty  as  perfectly  as  at  firat.  The  volunie  is  inversely  as  the  pressure.  As 
we  remove  the  pressure,  gases  constantly  expand,  and  always  fill  completely  the 
vessel  in  which  they  are  contained. 

The  specific  gravity  of  air  is  regarded  as  1  at  the  temperature  of  32''  Fahr., 
and  with  the  barometer  at  30 '1  inches. 

One  hundred  inches  of  air  weigh  31,053  grains.  Air  is  14*25  times  heavier  than 
hydrogen,  but  water  is  816  times  heavier  than  air.  The  average  pressure  of  the 
air  on  the  surface  of  the  earth  and  at  the  level  of  the  ocean  is  equal  to  15  lbs. 
to  the  square  inch :  that  is,  the  air  is  capable  of  supporting  a  column  of  mercury 
of  30  inches,  or  760  m.m.,  or  a  column  of  water  of  34  feet  in  height.  As  we 

ascend,  the  pressure  diminishes  with  the  density,  it  being  halved  for  every  3*4 
miles.  It  follows,  therefore,  that  whatever  may  be  the  extent  of  the  air  which 

surrounds  the  earth,  one-half  of  the  atmosphere  must  be  confined  to  a  distance  of 
about  three  and  a  half  miles  from  the  earth.  The  velocity  with  which  air  entera  a 

vacuum  depends  upon  the  height  of  the  column  of  air  above  it :  that  is  to  say,  at 
the  level  of  the  sea  it  will  enter  a  vacuum  much  more  rapidly  than  at  the  top  of  a 
mountain.  Gases  rush  into  a  vacuum  with  a  velocity  inversely  proportional  to  the 
square  roots  of  their  densities.  The  average  temperature  of  the  air  in  England  is 

60  Fahr.  (15*50*0.).  But  this  varies  at  different  heights,  the  temperature  decreasing 
approximately  1°  Fahr.  for  every  300  feet  in  height.  This  rule  is,  however,  subject 
to  local  variations. 

The  movements  of  the  atmosphere  may  all  be  said  to  arise  from  differences  of 
temperature.  The  molecules  of  air  are  but  feebly  attracted  to  each  other,  and 
small  increases  of  temperature  or  slight  diminutions  of  pressure  separate  the 
particles  from  one  another,  and  thus  one  cubic  foot  of  expanded  air  weighs  less 
than  a  cubic  foot  of  normal  air.  Similarly,  small  decreases  of  temperature  bring 

the  particles  nearly  together,  and  make  tne  cubic  foot  of  cold  air  heavier  than  the 
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standard  a^tovo  mentioned.  This  expansion  and  contraction  are  equal  for  equal 

increments  or  decrements  of  temperature,  Tliis  increase  of  Tolume  amounts  to 

0-37o,  or  al>out  three-eighths  of  the  original  bulk,  in  the  process  of  being  heated 

from  the  freezing  to  the  lioiling  point  of  water ;  or  a  little  more  than  ̂ ^  Jx  ̂**'*  ̂ ^^"7 
degive  of  Falir.  If  we  wish  to  ascertain  the  volume  which  100  cubic  inches 

of  air  at  40'  would  occupy  at  80",  we  must  remember  that  it  does  not  expand  -^\^ 
of  its  bulk  at  40^  for  each  degree,  but  -^Jy  of  its  bulk  at  32^  Now,  491  parts  of 
air  at  32'  In^come  492  at  33\  493  at  34*',  and  so  on;  hence,  we  can  institutes 

'pro|)ortion  between  the  volume  at  40*^  and  that  at  80°.     For  instance : 

VoLat40«». YoLfttSO^. 
Cob.  In.    Cob.  In. 

491  +  8 :     491  +  48 :  :     100    :     108. 

The  expanded  or  lighter  air  moves  up,  and  its  place  is  filled  by  cooler,  and 
therefore  heavier,  air,  which  takes  its  place.  Hence,  the  upward  movement  of  air 
depends  upon  its  expansion  by  heat,  because  changes  of  density  in  the  atmosphere 
produce  an  immediate  motion  of  the  heavier  portions  in  their  relation  to  the  lighter. 

Although  other  forces  may  have  a  limited  influence,  alterations  of  temperature 

are  the  great  and  efficient  causes  of  the  disturbance  of  equilibrium  of  the  atmo- 
sphere ;  the  solar  heat  warms  the  earth,  which,  in  its  turn,  communicates  heat 

to  the  air,  and  an  upward  current  is  immediately  established.  The  alternation 
of  day  and  night,  and  the  revolution  of  the  seasons,  cause  winds  of  a  greater  or  less 
duration  and  extent  The  ocean  and  the  large  inland  seas  or  lakes  are  great  and 
constant  causes  of  motion  in  the  atmosphere.  During  the  day,  the  surface  of  the 
land  becoming  heated  warms  by  its  contact  the  air  above  it ;  the  air,  having  thus 
become  specifically  lighter,  is  pressed  upward  by  the  colder  and  heavier  air  from 
the  sea,  which  rushes  in  to  restore  the  equilibrium.  During  the  night,  the  earth, 
parting  with  its  heat,  becomes  cool,  and  the  sea  being  now  the  warmer  surface,  an 
upward  current  is  formed  over  that,  and  an  equalising  current  from  the  land 
arises. 

In  houses,  the  difference  of  temperature  between  the  air  of  the  house  and  that 
outside  causes  continual  movement  of  the  air. 

When,  as  in  winter,  the  air  in  a  room  or  chimney  is  warmer  than  the  outside 
air,  an  upward  current  takes  place  in  the  chimney.   When,  in  summer,  a  chimney  is 

colder  than  the  outside  air,  a  downward  current  takes  place. 
A  These  movements  all  follow  defined  laws,  which  it  will  be  convenient  to 

explain  in  this  place.     If  we  have  a  tube,  A  b  (Fig.  200),  open  at  both  ends, 
the  point  A  will  sustain  the  pressure  of  the  superincumbent  atmo^here, 
while  the  base,  b,  will  sustain  this  pressure  with  the  addition  of  that  con. 
tained  in  the  tube.     As  fluids  press  in  all  directions,  the  pressure  upwards, 
under  the  base  b,   will    also  be    the  whole  pressure  of   a  column  of  the 

atmosphere  above  the  level  of  B,  upon  the  outside  of  the  tube  a  b  ;  con- 
sequently, if  the  air  in  A  b  be  hotter  and  lighter  than  an  equal  column  of 

external  air,  the  pressure  on  b  will  be   greater  from  below  upwards  than 

B      from  above  downwards,  and  the  air  at  b  will  begin  to  ascend. 
Fig. aoo.       In  the  syphon  abode  (Fig.  201),  let  us  suppose  the  1^  ab  filled  with 

a  fluid  equal   in  weight  to  the  cold  air,  and  the  leg  c  E  with   a  fluid  equal 

in  weight  to  the  waim  air ;  it  is  evident  that  if  the  fluid  representing  warm  air  is 
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B 

lighter  than  the  other,  we  must  increase  the  length  of  the  column,  if  we 
would  have  it  balance  tlie  first ;  let  this  additional  column  be  represented  by  d  e. 
Now,  if  the  end  of  the  tube,  a,  be  covered  tightly  with  the  finger,  and  the  column 
D  E  removed,  on  lifting  the  finger,  the  fluid  will  spout  from  d  with  a  velocity  equal 
to  that  which  a  heavy  body  would  have  acquired  in  falling 
from  E  to  D.  This  velocity,  uninfluenced  by  friction  or  any 
other  resistance,  is  eight  times  the  square  root  of  the  height 
ED,  nearly. 

To  ascertain  the  height  E  D,  we  measure  with  a  thenno-  ̂  
meter  the  temperature  of  the  atmosphere  and  of  the  heated 
air  of  the  chinmey,  and  multiply  the  height  of  the  chimney 
in  feet  by  the  product  of  the  diflTerence  in  degi*ees  between 
these  two  temperatures  and  the  expansion  for  P ;  the  result 
is  the  height  of  the  additional  column  required  to  balance  the 
column  A  bl  B 

For  example,  let  the  chimney  be  20  feet  high,  with  the 

external  air  at  40**,  and  the  temperature  of  the  heated  air 
100-'.  Then  100*»  -  40»  =  60";  60**  multiplied  by  0-002036  (which  is  the  expansion 
for  V)  =  0-1222,  the  expansion  for  60°;  20,  the  height  of  the  chimney,  multi- 

plied by  0-1222  =  2*44  feet,  the  additional  height  of  warm  air  required  to  balance 
tlie  cold  air.  Eight  times  the  square  root  of  this  height,  or  12-49  feet,  is  Ihe 
velocity  per  second  of  the  air  ascending  the  chimney. 

The  rate  of  expansion  is,  however,  not  precisely  what  we  have  here  given, 

because  491  parts  of  air  at  30°  have  become  499  parts  at  40°,  and  559  parts 
at  100^;  hence,  w^e  have  a  proportion  between  the  parts  at  40°  and  100°  by  which 
we  deduce  the  true  expansion. 

Fig.  201. 

Vol.  at  4ff*. 
491  +  8 

Y6L  %t  ICO". 
491  +  68 

Height  of  Column.       Expanded  Column. 

:  :        20  :  22-405. 

The  diflTerence  between  the  expansion  by  the  fii-st  and  second  method  is,  in  this 

example,  but  0*039  of  a  foot,  or  about  -08  of  a  foot  in  the  velocity  per  second — 
a  quantity  quite  inappreciable  in  practice. 

In  the  preceding  calculation  we  have  supposed  that  the  only  change  which  has 
taken  place  in  the  air  of  the  chimney  is  expansion.  This  is  not  quite  accurate 
where  the  chimney  is  carrying  away  the  products  of  combustion.  Other  changes 
have  taken  place  :  the  oxygen  has  been  converted  into  carbonic  acid,  which 
is  more  dense  than  atmospheric  air,  and  will  consequently  diminish  the  velocity  of 
the  ascending  column.  To  arrive  at  more  exact  results,  we  must  multiply  the 
quantities  of  nitrogen  and  carbonic  acid  in  100  parts  by  their  respective  densities, 
add  their  products  together,  divide  their  sum  by  100,  and  divide  the  above  result 

by  their  quotient  But  as  the  quantity  of  air  convei-ted  into  carbonic  acid  varies 
greatly  with  the  management  of  the  fire  and  other  circumstances,  and  when  one- 
half  of  the  air,  as  usually  happens,  is  consumed,  the  quantity  by  which  the  above 
result  is  to  be  divided  is  so  veiy  small  that  it  may  safely  be  neglected. 

The  movements  of  air  which  we  have  described  are  those  which  would  be  due 

to  warm  air  uninfluenced  by  friction ;  but  the  results  of  calculations  in  which  this 
is  neglected  difler  widely  from  facts  observed  in  practice.     The  resistance  from 
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friction  haa  Ijeen  ascertained  to  be  proportional  to  the  length  of  the  channel, 
to  increase  as  the  fMjuare  of  the  velocity  of  the  current,  and  to  be  in  the  inverse 
lutio  of  the  perimeter  of  the  cliannel.  To  obtain  a  correction  for  friction,  then,  we 
must  have  regard  to  the  height  of  the  flue  or  chimney,  its  diameter,  and  the 
velocity  of  the  current ;  to  these  we  must  add  a  fourth  cause  of  variation,  depending 
upon  the  nature  of  the  materials  of  which  the  flue  is  composed  :  for  evidently  a 
smooth  surface  would  not  offer  so  great  a  resistance  as  rough  bricks  or  stones. 

The  formula  according  to  which  these  corrections  are  made  is  somewhat  com> 
plicated,  but  it  is  easy  to  see,  from  the  above  facts,  that  flues  should  be  made  large 
and  with  smooth  sides.  Moreover,  as  the  same  laws  govern  the  movement  of  cold 

as  of  wai*m  air,  the  air- trunks,  whether  for  bringing  cold  air  to  the  heatiii^- 
apparatus  or  diffusing  heated  air  in  the  apartments,  should  be  as  large,  and  the  air 
move  as  slowly,  as  is  consistent  with  the  economy  of  heat. 

Variations  in  the  diameter  of  the  flues  must  necessarily  produce  a  change  in  iLe 
velocity  of  the  air  at  the  points  at  which  the  variations  occur. 

Thus,  contractions  in  the  flues  are  attendetl  with  an  increased  velocity,  which 
augments  with  the  diminution  of  the  flue,  so  that  it  may  be  four  or  five  times  that 
due  to  the  column  of  warm  air.     From  the  laws  of  the  movement  of  fluids,  it  is  a 

well-ascertained  fact  that  all  sudden  changes  are  attended  with  a  serious  loss  of 
velocity,  which  does  not  occur  if  the  change  takes  place  graduaUy.     If 

the  change  is  gradual,  the  loss  is  dependent  upon  friction  alona     When- 
ever, therefore,  we  wish  to  contract  the  flues,  it  should  not  be  done 

suddenly,  but  they  should  be  sloped  off  gradually.    If  a  flue  be  enlarged 
suddenly,  as  shown  in  Fig.  202,  the  result  would  be  the  formation  of 
eddies,  which  would  delay  the  flow  of  the  air. 

In  connecting  flues  with  a  vertical  shafl,  it  should  be  borne  in 
mind  that  at  the  bottom  the  pressure  of  the  atmosphere  inwards  is 
greater  than  the  outward  pressure  of  the  gases  contained  in  the 
chimney,  that  at  the  top  the  pressure  may  be  from  within  outwards, 
while  at  some  points  between  the  two  the  pressure  may  be  precisely 

Pig.  202.  in  equilibrium.  Consequently,  independently  of  the  advantage  attend- 
ing a  longer  column  of  warm  air  above,  all  subsidiary  flues  should  enter 

as  near  as  possible  the  base  of  the  vertical  shaft.  Two  currents  entering  at  light 
angles  may,  if  of  equal  velocity,  destroy  each  other,  or  if  of  unequal  velocity,  the 
greater  destroy  the  less.  This  should  be  prevented  by  giving  all  flues  a  vertical 

dii*ection  as  they  enter  the  vertical  shaft.  It  is  for  these  reasons  that  we  so 
frequently  find  chimneys  smoke  when  one  flue  is  carried  into  an  adjacent  one. 

If,  for  any  reason,  we  wish  to  introduce  a  flue  at  a  jx>int  where  the  inward 
pressure  is  slight,  it  can  be  done  by  contracting  the  vertical  shaft  suddenly  jnst 
below  the  point  of  introduction,  and  by  this  means  an  inward  pressure  will  be 
obtained.  If,  on  the  other  hand,  we  wish  to  take  air  from  a  perpendicular  hot-air 
trunk|  we  can  do  so  most  effectually  by  suddenly  contracting  the  main  trunk  just 
above  the  opening. 

Although  the  draught  of  a  shaft  increases  in  a  certain  proportion  to  the  heat, 
still,  it  appears  from  calculation  that  this  occurs  only  within  certain  limits,  beyond 
which  there  is  not  only  no  increase  in  the  draught,  but  a  decided  diminution. 

1 
1^ 

Q) 

Tlie  draught  at  fii*st  increases  veiy  rapidly  with  the  temperature,  but  gradually 
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diminishing,  it  becomes  constant  between  480*  and  570°,  beyond  which  it  diminishes, 

and  at  1,800°  it  is  less  than  at  212**.  The  reason  of  this  is  found  in  the  great 
expansion  of  air  at  a  high  temperature,  by  which  its  volume  is  so  much  increased 

that,  although  the  velocity  may  be  very  great,  the  quantity,  when  reduced  to  the 
temperature  of  the  atmosphere,  is  less  than  at  a  low  temperature. 

The  main  point  in  the  construction  of  a  ventilating-shaft  is  to  detennine  the 
dimensions  required  to  withdraw  a  given  amount  of  air.  The  velocity  of  the  air 

escaping  will  depend  upon  the  temperature,  upon  the  height,  and  the  diameter  of  the 
chimney. 

In  all  arrangements  of  this  nature  we  must  be  governed,  in  a  great  measure,  by 

the  expense ;  increase  of  diameter  is  the  least  expensive,  then  follows  height,  and 
a  constant  increase  of  temperature  is  the  most  expensive ;  besides  which,  we  see 

from  the  above  obsei-vations  that  this  last  can  be  carried  to  a  cei-tain  extent  only* 
while  the  two  former  have  much  greater  limits. 

Indei)endently  of  the  movements  between  the  particles  of  air  or  of  gases,  aeriform 

bodies  possess  the  property  of  diffusing  themselves  through  each  other's  masses  to 
an  unlimited  extent. 

Hydrogen  exhibits  in  a  remarkable  degree  the  power  of  diffusion  :  i.e.,  a  power 

due  to  the  constant  motion  and  mutual  repulsion  of  gas-particles.  If  a  bottle  of 
hydrogen  be  connected  vertically  by  a  narrow  glass  tube  with  a  bottle  of  oxygen, 

the  oxygen  (the  heavier  gas)  being  below,  the  hydrogen,  against  the  action  of 
gravity,  will  descend,  and  the  oxygen  will  ascend,  and  a  complete  mixture  of  the 
gases  in  the  two  bottles  will  result.  Similarly,  if  a  vessel  be  divided  into  two 
parts  by  a  porous  diaphragm,  one  half  being  filled  with  one  gas  and  the  other  half 

with  another  gas,  diffusion  will  take  place,  until  the  admixture  of  the  gases  is 

complete.  But  the  rate  of  diffusion  is  not  alike.  Graham's  law  is  expressed 
thus  : — "  The  diffusibility  of  two  gases  varies  inversely  as  the  square  roots  of  their 
densities."  Thus,  the  density  of  hydrogen  is  1,  and  of  oxygen  it  is  16,  therefore 
the  diffusibility  of  these  two  gases  is  as  4  to  1 ;  in  other  woixls,  the  diffusion  of 
four  cubic  inches  of  hydrogen  will  occupy  the  same  time  as  the  diffusion  of  one 
cubic  inch  of  oxygen. 

We  can  hardly  estimate  the  impoitaiice  of  this  law.  Animals  and  vegetables,  as 

we  have  already  shown,  are  constantly  pouring  out  certain  gases,  essential  to  the 

life  and  gi'owth  of  the  other;  and  yet,  if  these  gases  were  allowed  to  stagnate 
where  they  are  formed,  they  would  not  only  injure,  but  destroy  both  the  animal 
and  the  vegetable  kingdom.  But  by  this  law  of  diffusion  these  poisons  are  diffused 
throughout  space,  and  vital  air  rushes  in  to  supply  their  place  ;  and  on  account  of 

this  law,  it  is  only  by  the  most  delicate  analysis,  and  for  a  shoi*t  time,  that  any 
differences  in  the  constitution  of  the  atmosphere  can  be  detected. 

Hence,  the  atmosphere  perfonns  the  office  of  a  universal  solvent  to  the  various 
eflSuvia  which  are  constantly  emanating  from  the  surface  of  the  earth,  and  from  the 

substances  and  beings  by  which  it  is  covered. 

Moreover,  as  already  mentioned,  the  atmospheric  currents  continually  dis- 
pf'Fse  the  Various  impurities  thrown  into  the  air.  The  atmosphere  is  never  stag- 

nant. Tlie  air  at  the  equator  and  between  the  tropics,  expanded  by  heat,  and 
urged  by  the  colder  atmosphere  pressing  from  the  poles  towards  the  same  points, 

rijtes,  and  diffuses  itself  through  the  upper  air,  and  effectually  prevents  all  stagnation. 
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The  movement  of  the  air  is  stated  in  the  Registrar  General'6  reports  to  be 
about  twelve  miles  an  hour,  on  an  average,  or  rather  more  than  seventeen  feet  per 
second.     It  will  rarely  be  much  below  six  feet  per  second 

Imagine  a  frame  about  the  height  and  width  of  a  human  body,  measuring  about 
G  fet^t  by  1|,  or  9  square  feet ;  multiplying  this  by  the  velocity  of  movement  of  the 
air  at  6  feet  a  second,  it  will  appear  that  in  one  second  54  cubic  feet^  in  one  minute 
3,240  cubic  feet,  in  one  hour  196,400  cubic  feet  of  air  would  flow  over  one  person  in 
the  open  country. 

If  it  were  desired  to  supply  in  a  room  a  volume  of  fresh  air  comparable  with 
that  supplied  out  of  doors,  it  would  be  necessary  to  change  the  air  of  the  room 
from  twice  to  six  times  in  every  minute,  but  this  would  be  a  practical  impossibility ; 
and  even  if  it  were  possible,  it  would  entail  conditions  very  disagreeable  to  the 
occupants.  It  is  thus  evident  that  when  considering  the  condition  of  air  indoors,  it 
is  necessary  to  seek  a  standard  of  admissible  impurity  in  the  air  rather  than  a 
standard  of  purity  of  air  comparable  with  that  which  exists  out  of  doors. 

In  judging  of  the  amount  of  impurity  which  may  be  allowed  in  an  inhabited 

air-space,  the  sense  of  smell,  when  carefully  educated,  affords  the  best  indi<3ition  of 
the  relative  purity  and  impurity  of  different  kinds  of  air.  The  accompanying  table, 
obtained  from  results  of  experiments  communicated  by  Dr.  de  Chaumont  to  the 
Royal  Society,  shows  the  conclusions  at  which  he  arrived  from  a  very  large  number 
of  observations  on  the  air  of  barracks  and  hospitals.  The  method  employed  in 
judging  of  the  quality  of  the  air  was  to  enter  directly  from  the  open  air  into  the. 
room  in  which  the  air  was  to  be  judged,  after  having  been  at  least  fifteen  minutes 
in  the  open  air.  It  will  be  seen  how  closely  the  state  of  the  room,  as  detected  by 
the  sense  of  smell,  agrees  with  that  which  would  be  expected  from  the  carbonic 
acid,  as  shown  by  analysis. 

Temperatare. Yapoar. 
Carbonic    acid,  per  1,000 Tolumea. 

SeBM  of  SmelL 
Inair-space.    o„ter  air. In  air-spaoe. 

Excess  over 
outer  air. 

In  room. 

Excess  orer 
outer  sir. 

Fresh      .... 
A  little  smell  . 
Close,  or  disap^rccablc  smcU 
Very  close,  or  offensive  ) 

and  oiiprcssivc  smell   .  j 
Extremely  close,  when  ] 

the  sense  of  smell  can  j- 
no  longer  differentiate.  J 

62 -8.1 6-2-8.3 

64-67 

6515 

65-05 

5-38 
8-00 

12-91 
13-87 

13-19 

4-629 
4-823 
4*909 
5-078 

5-194 

0-344 0-687 

1-072 

1-409 

1-319 

0-5999 
0-8004 

10027 1-2335 

1-2818 

01830 
0*3894 
0-6322 
0-8  i  32 

0-8817 

In  these  experiments,  Dr.  de  Chaumont  takes  -0002  of  carbonic  acid  per  cubic 
foot  as  the  standard  of  impurity,  in  addition  to  '0004  carbonic  acid  i>er  cubic  foot 
as  the  normal  amount  of  CO,  in  the  outer  air. 

The  experiments  wei-e  made  in  barracks  and  in  hospitals,  and  a  result  comca 
out  from  them  confirmatory  of  the  opinion  that  in  the  case  of  sick  men  moi-c  air 
is  required  to  keep  the  air-space  pure  to  the  senses  than  is  necessary  in  the  case  of 
men  in  health.  Thus,  in  barracks  the  mean  amount  of  excess  of  carbonic  acidj 

when  the  air  was  pure  to  the  senses,  was  '196  per  1|000  volumesi  but  in  hospitals 
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it  was  only  -157  j  or,  in  other  words,  whilst  in  the  hospitals  the  air  would  have 
siui^lt  somewhat  impure  when  the  CO,  was  '157,  in  the  barracks  with  that  amount 
it  was  fresh.  This  is,  no  doubt,  caused  by  the  fact  that  the  emanations  from  the 
lungs  and  skin  of  sick  persons  are  more  loaded  with  offensive  matter  than  those 
from  healthy  persons. 

On  these  grounds  it  would  therefore  appear  that  whilst  the  standard  for 

impurity  for  healthy  persons  may  be  regulated  by  allowing  an  excess  of  '0002  per 
cubic  foot  of  CO,  over  that  in  the  outer  air,  it  would  be  desirable  to  limit  the 

excess  in  the  case  of  sick  to  '00015  per  cubic  foot. 
In  addition  to  the  proportion  of  carbonic  acid,  and  of  the  impurities  of  which 

its  presence  affords  a  rough  test,  there  are  conditions  of  temperature  and  humidity 
necessary  for  good  ventilation. 

Atmospheric  air  always  contains  more  or  less  aqueous  vapour,  either  in  an 
invisible  state  or  in  the  form  of  douds,  fogs,  and  mist.  The  form  of  vapour  most 

commonly  known  is  that  of  steam,  which  is  vapour  at  the  temperatui*e  of  212^, 
having  an  elasticity  equal  to  that  of  the  atmosphere,  or  thiiiiy  inches  of  mercury ; 
this,  however,  is  not  the  form  with  which  we  are  now  most  interested.  Vapour 

exists  in  the  atmosphere  at  all  temperatures,  even  below  the  freezing-point  of  water. 

Its  elasticity  at  32**  is  equal  to  supporting  only  ̂ ^  of  an  inch  of  mercury.  When 
the  temperature  of  air  cannot  be  diminished  without  depositing  water  upon  the 

walls  of  the  containing-vessel,  or  appearing  as  a  mist,  it  is  said  to  be  saturated. 
If  the  temperature  of  saturated  air  be  raised,  it  will,  to  the  feelings,  become  drier, 

and  will  immediately  begin  to  take  up  water  which  is  exposed  to  it.  Aii*  is  dry  or 
moist  not  in  proportion  to  the  water  it  contains,  but  in  proportion  as  it  is  more  or 
less  removed  from  the  point  of  saturation. 

The  point  of  saturation  rises  more  rapidly  than  the  tempei'ature.  A  quantity 
of  air  absolutely  humid  at  32**  Fahr.  holds  in  solution  an  amount  of  vapour  equal 

to  y  impart  of  its  weight;  at  59*^,  ̂ ;  at  86^  -^q;  at  113",  -r}^;  and  at  U0«,  yV 
Consecjuently,  while-  the  temperature  advances  in  arithmetical  progression,  the 
power  of  the  air  to  retain  vapour  rises  with  the  accelerating  rapidity  of  a 
geometrical  series  having  a  ratio  of  two. 

The  influence  of  this  law  is  evident  in  the  production  of  rain  and  clouds.  "When 
masses  of  air  of  different  temperatures,  each  containing  its  full  amount  of  aqueous 
vapour,  mix,  the  result  must  be  a  deposition  of  moisture  in  one  or  the  other  of  the 
two  forms  just  mentioned.  Suppose,  for  instance,  the  two  masses  of  air  be  at 

55**  and  75®,  the  resulting  temperature  will  be  an  arithmetical  mean,  or  65" ;  the 
force  of  vapour  at  55"  is  0*4327;  at  75",  0-8581;  and  that  at  65",  0-6146;  the 

mean  force  is  not  0'6146,  but  0*6459,  which  corresponds  to  a  tempei-ature  higher 

'than  65** :  consequently,  a  deposition  of  moisture  must  take  place  upon  any  cold surface  the  air  meets  with. 

It  is  from  this  cause  that  steam  appears  as  a  cloud  when  escaping  from  tlie 

safety-valve  of  a  steam-engine  or  the  spout  of  a  tea-kettle.  Tlie  pressure  of  steam  at 

212"  is  greater  than  that  which  belongs  to  steam  at  the  temperature  of  the  air: 
consequently,  the  excess  of  vapour  is  deposited  upon  the  bolder  particles  of  floating 
matter  in  the  air. 

After  continued  cold  weather,  when  our  houses  have  been  throughout  reduced 

in  temperature,  and  a  warm  moist  wind  succeeds,  we  pei'ceive  that  moisture  collects 
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upon  the  walls  and  furniture,  or  any  other  cold  object ;  the  cause  of  this  depodt  is 
to  be  found  in  the  fact  that  the  air  in  immediate  contact  with  these  objects  is 

lowered  in  its  temperature,  and,  being  already  nearly  saturated,  all  the  Tapour 

above  that  due  to  this  lower  temperature  immediately  appears  in  the  form  of 

minute  drops.  A  glass  tumbler  filled  with  cold  water,  in  summer,  is  soon  bedewed 

with  moisture,  because  the  air  around  it  is  cooled,  and  its  moisture  precipitated 

upon  it ;  the  same  occurs  in  winter  if  the  tumbler  were  brought  into  a  close  room 

in  which  many  pei'sons  were  assembled,  and  the  air  loaded  with  the  accumulated 
va|x>ur  exhaled  from  their  lungs  and  skins.  From  the  same  cause,  the  cold 

windows  of  a  crowded  lecture-room,  in  winter,  not  provided  with  efficient  ventila- 
tion, are  constantly  covered  with  minute  drops  of  water,  which  soon  collect  together, 

and  run  down  the  glass  in  streams. 

The  highest  point  of  the  thermometer  at  which  vapour  begins  to  be  deposit«i 

by  the  air  is  called  the  dew-point  ;  it  is  the  point  at  which  dew  begins  to  form. 
The  humidity  of  the  air  is  practically  measured  by  the  difference  between  the 

drv  bulb  and  wet  bulb  thermometer. 

In  connection  with  this  question,  it  is  interesting  to  consider  the  relation  whicli 
the  sense  of  cold  or  warm  bears  to  definite  temperatures  with  varied  proportions  of 
humidity. 

The  natuml  heat  of  the  Ixxly  is  being  constantly  supplied  from  the  food  and  air 

we  consume^  and  dep<»nds  upon  a  constant  loss  of  heat  from  the  person,  which  has 
been  calculated  at  from  3  J  to  nearly  6  units  of  heat  per  minute,  the  unit  of  heat 

l>ein^  equal  to  one  pound  of  water  heated  1°  Fahr. 

The  internal  warmth  of  the  body  is  98"  Fahr.,  and  the  feeling  of  comfort  which 
is  experienced  under  certain  conditions  of  the  atmosphere  proceeds  from  the 

way  in  which  the  tempei'ature  and  humidity  regulate  the  cooling  of  the  body. 
This  cooling  should  occur  with  constancy  and  regulai-ity,  but  not  so  fast  as  to  pro- 

duce cold.  The  heat  generated  in  the  body  is  lost  partly  in  the  air  expelled  by  the 
breath,  partly  by  evaporation  of  moisture  from  the  skin,  partly  by  conduction,  and 

pai-tly  by  radiation.  The  breath  is  inhaled  at  the  temperature  and  humidity  of  the 
locality,  but  it  is  exhaled  always  at  90",  and  is  saturated  with  moisture  at  that 
tempemture.  It  has  been  estimated  that  if  the  temperature  of  the  external  air 

were  62"  and  the  dew-point  54°,  there  would  be  from  about  one-third  to  a  half  of 
one  unit  of  h(?at  in  evaporating  the  moisture  given  out  by  the  lungs  and  throat, 

and  from  one- tenth  to  one-sixth  of  one  unit  of  heat  in  imparting  heat  to  the  exhaled 
air.  Probably  the  amount  lost  by  evaporation  through  the  skm  would  bring  up 

the  loss  from  these  causes  to  half  the  heat  generate,  leaving  the  other  half  to  l»e 
dispersed  in  work,  life,  conduction  to  air,  or  radiation  to  other  bodies.  A  moist 

atmosphere  will  check  the  insensible  pei-spiration,  but  it  will  assist  the  loss  of 

heat  by  conduction.  A  saturated  atmosphere  at  from  35"*  to  50'  Fahr.  will  he 
found  to  be  intolerably  chilly  ;  and  although  the  evaporation  may  be  checked  and 
this  source  of  loss  of  heat  removed,  yet  the  conduction  and  radiation  duo  to 

the  vapour  in  the  air  will  be  enormously  increased.  A  Scotch  mist  of  SG**  Fahr. 
(which  is  only  super-saturated  with  vapour  in  excess  at  a  slightly  higher  temperature 

than  the  air)  penetitites  clothing,  and  reaches  evei-y  pai't  of  the  person  with  penetrat- 
ing cold. 

A  temperature  of  50"  to  65*"  in  a  nearly  saturated  atmosphere  seems  to  provide 
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an  equilibrium  between  the  cooling  action  by  conduction  and  radiation,  due  to  the 
vapour  in  the  air  and  the  supply  of  heat  from  the  checked  evaporation  from  the 
skin,  so  that  such  an  atmosphere  is  not  uncomfortable,  and  is  favourable  to  mental 
and  physical  exercise.  It  is  said  that  this  condition  of  atmosphere  allows  of  the 
use  of  alcoholic  stimulants,  such  as  wine  and  beer,  which  would  be  immoderate  in 
drier  climate& 

A  temperature  of  from  65°  to  80'  Fahr.,  with  a  saturated  atmosphere,  becomes 
sultry  and  oppressive  The  sui'plus  heat  cannot  be  removed  by  conduction 
or  radiation,  and  the  natural  effort  of  the  system  is  to  produce  evaporation.  The 

least  physical  effort  induces  perspiration.  The  lassitude  and  enervation  produced 
is  unfavourable  to  mental  and  physical  labour. 

Above  80^  Fahr.  a  saturated  air  becomes  most  oppressive,  and  it  is  questionable 
whether  life  could  be  prolonged  in  a  saturated  atmosphere  of  90°  or  100°. 

All  air  may  be  considered  dry  at  35°  Fahr.  :  that  is  to  say,  its  capacity  for 
moisture  at  that  point  is  low. 

Air  which  is  used  for  ventilating  purposes,  and  which  is  warmed  in  the  process, 
has  its  capacity  for  moisture  increased  by  the  act  of  warming ;  and  thus,  in  a  cold 
damp  atmosphere  the  air  used  for  ventilation  becomes  comparatively  dry  when 
introduced  into  the  room.  On  the  other  hand,  in  a  dry  cold  atmosphere  the  air 
for  yentilation,  if  warmed,  may  become  too  dry,  and  means  should  be  adopted  for 
adding  moisture  to  it. 

Similarly  in  hot  weather,  when  air  is  required  to  be  cooled,  the  moisture  will 

be  deposited  by  the  cooling  process,  and  means  must  be  provided  for  again  supply- 
ing it  to  the  air  in  the  room,  in  case  it  is  found  too  dry  as  it  is  warmed. 
Thus  the  rules  which  guide  us  in  ventilation  and  warming  in  a  climate  like  that 

of  England  are  different  from  those  which  should  be  our  guide  in  the  United  States 

or  on  the  continent  of  Europe,  where  a  much  drier  climate  prevails ;  and  the  pre- 
cautions for  supplying  the  warmed  air  with  moisture  which  are  required  in  such 

climates  are  generally  found  unnecessaiy  here. 
In  a  ventilated  room,  the  dry  bulb  thermometer  in  this  climate  ought  to  read 

63°  Fahr.  to  66°  Fahr.,  and  ought  not,  if  possible,  to  fall  much  below  60°  Fahr. 
The  wet  bulb  ought  to  read  58°  Fahr.  to  61°  Fahr.  That  is  to  say,  in  this  country 
the  difference  between  the  two  thermometers  ought  not  to  be  less  than  4°  Fahr.  or 
more  than  8®  Fahr.  A  gi'eater  degree  of  dryness  in  the  air,  provided  the  supply 
of  air  be  ample,  is  not,  however,  found  objectionable.  In  the  open  air,  in  healthy 

weather,  it  is  often  8°  or  9°,  or  more. 
Vapour  ought  not  to  exceed  4*7  grains  per  cubic  foot  at  a  temperature  of  63% 

or  50  grains  at  a  temperature  of  65°  Fahr.  :  that  is  to  say,  the  degree  of  humidity 
should  not  exceed  75  per  cent 
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CHAPTER    L. 

Volume  of  Air  rcqulrc«l  for  Ventilation— Confined  Spaces  ̂ Conditions  affecting  Clianse  of  Air  in 
Rooma—Dniughtu— Diffusion  of  Imiiurities  in  Air  of  Room— Floor-sixioe — Cubic  Space— DeiK-nJ- 
ence  of  VontiUtion  on  Tomperaturo— Velocity  and  Temperature  of  Inflowing  Air — ^Anemometcn. 

In  considering  the  question  of  the  volume  of  air  which  should  be  provided  in  a 

i*oom  to  maintain  a  healthy  atmosphere,  it  is  interesting  to  show  what  are  the  re- 
quii^ments  to  which  theory  alone  would  bring  us,  and  then  to  explain  how  that 
theory  is  affected  in  practice. 

The  sources  of  vapour  inside  the  room  are  matenal  elements  to  be  considered. 
Every  man  gives  off  from  lungs  and  skin  each  hour  enough  to  raise  the  humidity 

from  70  per  cent,  to  complete  saturation  in  500  cubic  feet  at  60°  Fahr.,  and  to  raise 
it  to  82  per  cent,  in  1,500  cubic  feet.  Now,  to  reduce  this  amount  to  75  per  cent 

would  take  3,000  cubic  feet  of  air  saturated  at  50^  Fahr.,  or  2,000  at  98  per  cent 
But  the  vapour  given  off  by  the  body  is  not  the  only  source  of  humidity.    Humidity 
may  arise  from  the  vapour  of  liquids  used  in  the  room,  or  from  the  combustion  of 
lights. 

As  regards  the  effect  of  the  combustion  of  light  on  ventilation,  much  stress  has 

been  laid  ujwn  the  greater  oppressiveness  caused  by  gas  as  compared  with  wax 

Ciindles.  From  experiments  made  some  years  ago,  comparing  pure  wax  candles  with 

ordinary  13-candle  gjis,  it  appeared  that  in  100  pai-ts  by  weight  of  wax  there  were 
carl)on  78*2,  hydrogen  12-1,  oxygen  97  ;  whilst  the  analysis  of  gas  showed  that  it 
contained  carbon  72- 1,  hydrogen  264,  oxygen  1*5,  and  that  1,064  grains  of  gas  (or 
5  cubic  feet)  gave  as  much  light  as  1,885  grains  of  wax ;  consequently  the  w:ix 
must  have  genomted  very  nearly  double  the  quantity  of  carbonic  acid  in  producing 

the  same  amount  of  light  As  a  further  experiment,  the  flames  of  several  com- 
bustible bodies  wore  burned  in  given  quantities  of  atmospheric  air,  and  the  times 

noted  at  which  the  flames  were  extinguished  by  the  contamination  of  the  air,  with 

the  following  results  : — 

Colza  oil •                                          •                                         4 71  minutes 
Tallow •                                          • 

75        „ 

Wax  candles. m                               m 

79        „ 

Spermaceti  candles  . •                               • 

83         „ 

13-eandlo  cotd  gas     . •                                •                        ' 

08        „ 

28-candlo  cannol  gas •                                ■ 

162        ,. 

Tliese  numbei's  indicate  that  the  atmosphere  of  a  confined  room,  lighted  by  canuel 
gas,  would  require  much  less  change  of  air  to  keep  it  pure,  than  a  room  lighted  to 

the  same  extent  with  tallow  candles.  But  the  i-eason  why  people  complain  of  the 
heat  of  gas  compared  with  candles,  is  because  they  are  satisfied  with  a  dim  hglit 
when  they  bum  candles,  but  with  gas  they  are  not  satisfied  without  a  great  deal  of 
light,  and  therefore,  in  practice,  the  use  of  gas  requires  exceptional  ventilation. 

According  to  theoretical  calculations,  it  would  appear   that,  with  an  initial 

jiir-space  of  1,000  cubic  feet,  occupied  by  one  iudividual,  it  would  be  necessary  to 
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supply  3,000  cubic  feet  per  hour  to  maintain  the  room  in  a  proper  condition  of 

humidity.  As  i-egaixls  other  impurities,  if  0*2  per  1,000  of  CO^  are  accepted  as 
the  limit  of  respiratory  impurity  in  a  well- ventilated  air-space,  in  addition 

to  the  0'4t  per  1,000  in  normal  air,  we  can  calculate  out  the  amount  of  air 
necessary  for  the  purpose ;  and  from  this  calculation  it  appears  that  it  requires 

3,000  cubic  feet  per  hour  to  preserve  the  air-space  in  the  required  state  of 
freshness. 

Thus  the  theoretical  calculations,  based  first  upon  humidity,  and  secondly  on 
carbonic  acid,  bring  us  to  similar  conclusions  in  each  case ;  but  in  a  warm  climate 
the  natural  changes  of  temperature  and  consequent  alterations  of  the  conditions  of 
the  movement  of  air  differ  widely  from  those  in  temperate  and  cold  climates.  In 
such  climates  these  figures  may  be  applicable.  The  conditions  of  ventilation  differ 
with  each  climate.  Indeed  it  may  be  said  that  in  each  locality  there  are  differences 
which  affect,  to  some  extent,  the  conditions  of  ventilation,  arising  from  difference  of 
site  or  of  exposure ;  again,  the  conditions  are  affected  by  the  arrangement,  the 
material,  and  the  mode  of  construction  of  buildings.  It  may  be  assumed  that  some 
of  the  difficidties  which  have  arisen  in  solving  problems  of  ventilation  arise  from 
the  want  of  consideration  given  to  these  collateral  circumstances. 

From  a  careful  practical  examination  of  the  condition  of  barrack-rooms  and 
hospitals  in  this  country,  made  by  the  Barrack  and  Hospital  Commission  in 

1857-58-59,  in  which  the  degree  of  impurity  of  the  air  was  tested  mainly  by  tlie 
sense  of  smell,  it  appeared  that  arrangements  which  appear  to  provide  for  a  volume 
of  air  much  less  in  amount  than  that  obtained  by  calculation  will  keep  the 
barrack-rooms  in  a  fair  condition.  These  results  have  pointed  to  about  1,200  cubic 
feet  of  air  per  hour  with  600  cubic  feet  of  space.  This  need  not  be  set  down  to 
errors  in  calculation  or  in  theory.  The  conditions  under  which  the  air  flows  in 
aiid  out  of  a  room  are  so  varied.  The  walls  and  ceiling  themselves  allow  of 
a  considerable  passage  of  air,  and  especially  unplastered  walls,  such  as  are  in 

use  in  many  barrack-rooms.  It  is  difficult  to  find  a  building  material  inip(»rvious 
to  air. 

The  following  table  shows  the  volume  in  cubic  feet  per  hour  of  air  which  passed 
through  a  square  yard  of  surface  of  equal  thickness  of  the  following  materials,  the 

pressure  being  obtained  by  a  difference  of  temperature  of  72^  Fahr.  inside  and  40® 
Fahr.  outside. 

Sandstone    ...,,. 
Quarried  Limestone  .... 
lirick  ...... 
liimcstone  ...... 
Mud  ...... 

It  follows  that  a  room  with  several  of  its  walls  exposed  to  the  outer  air  would 
I'lobably  obtain  more  renewal  of  air  by  this  means  alone  than  a  room  with  only  one 
outside  wall. 

If  a  oeiling  be  observed,  it  will  often  be  found  that  an  old  ceiling  is  blackened 
vliere  the  plaster  has  nothing  over  it  to  check  the  passage  of  air,  and  that  where 
the  joists  come  and  the  air  has  not  passed  so  freely  it  is  less  black.  If  the  plaster 
^  broken  it  will  be  found  that  its  blackness  has  arisen  from  its  having  acted  like 
a  filter,  and  retained  the  smoky  particles  while  the  air  passed  tlirough.     Moreoverj 
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the  |)orosity  of  the  walls  materially  influences  the  moisture  j  for  a  porous  wall  may 
absorb  much  moisture. 

In  the  close  and  confined  dwellings  of  the  poor  the  vapour  coUects  on  the  walls 
and  ceilings ;  it  sinks  into  the  walls,  and  gives  that  permanent  loathsome  odour 
which  must  be  familiar  to  those  who  are  acquainted  with  such  localities. 

In  the  absence  of  sufficient  ventilation,  when  the  walls  are  colder  than  the  m, 
moisture  condenses  on  the  walls.  On  this  account,  rooms  with  walls  of  poH&hed 
impervious  material,  filled  with  people,  in  which  the  walls  are  cold,  would  soon 
drip  down  with  wet  unless  a  very  large  amount  of  air  be  passed  through  them,  so  as 
to  take  up  the  deposited  moisture.  Such  rooms  would  require  a  larger  volame  of 
air  than  the  barrack-rooms  experimented  upon  to  keep  ̂ hem  sweet. 

Ill-fitting  doors  and  windows  allow  of  the  passage  of  a  considerable  quantity  of 
air.  And  in  a  temperate  climate,  where  the  changes  of  temperature  of  the  outer 
air  are  rapid  and  considerable,  especially  at  night,  these  means  of  producing  the 
outflow  from  and  the  inflow  of  air  into  a  confined  space  are  in  constant  operation. 

A  sleeping-room  is  very  warm  at  bed-time;  a  rapid  fall  of  temperature  outside 
occurs,  and  at  once  a  considerable  movement  of  air  takes  place. 

llie  majority  of  occupiers  of  slecjping-rooms  in  England  close  their  windows  at 
night ;  they  often  block  up  the  chimney  by  a  register  or  otherwise,  to  prevent  the 

**  blacks ''  falling.  They  have  no  special  inlet  or  outlet  for  changing  the  air.  In  the 
morning  they  would,  no  doubt,  come  under  Dr.  de  Chaumont's  definition  of  "  very 
close ; "  but  if  it  were  not  for  the  continual  insensible  change  of  air  which  passes 
through  the  walls,  doors,  and  windoAV-chinks,  ikc,  the  occupants  would  be 
asphyxiated.  A  well-built  house  unprovided  with  special  means  for  the  inflow  of 
fresh  air  is  a  real  source  of  danger. 

For  these  reasons  the  form  of  a  building  is  important,  especially  where  rooms 

have  to  be  occupied  by  large  numbers  of  persons :  as,  for  instance,  hospitals,  work- 
houses, asylums,  barracks,  Sio,  In  these  a  large  surface  of  outer  wall  is  advan- 

tageous, similar  to  that  afforded  in  modem  hospitals  built  on  the  pavilion  principle. 
The  reason  of  this  is  not  far  to  seek.  The  air  Avhich  thus  insensibly  comes  in 
through  the  walls  should  be  taken  from  pure  sources.  Thus  asylums,  hospitals, 
and  barracks  with  outside  walls,  are  better  thaii  those  in  which  the  rooms  open  out 
of  a  corridor  or  on  each  side  of  a  corridor,  because  the  air  in  a  corridor  becomes, 

after  a  time,  saturated  with  impurities,  and  the  interchange  of  air  from  it  and  the 
adjacent  rooms  becomes  in  time  only  an  interchange  of  impure  air.  This  is 
especially  noteworthy  in  hospitals,  where  fresh  air  is  of  such  great  importance,  on 
account  of  the  great  influence  which  the  condition  of  the  air  exercises  on  the  health 

of  the  patients.  In  private  houses  the  question  is  of  comparatively  small  import- 
ance, because  the  causes  of  impurity  in  the  building  are  generally  fewer  than  in 

buildings  occupied  by  large  numbers  of  persons. 
In  considering  the  question  of  ventilation,  it  is  generally  assumed  that  the 

impurities  thrown  out  by  breathing  diffuse  themselves  uniformly  through  the  air  of 
a  room.  This  is  not  strictly  trua  But  upon  this  assumption,  the  degree  of  purity 
or  impurity  of  air  which  is  fixed  as  a  standard  ultimately  in  no  way  depends  on 
the  size  of  the  room,  but  solely  on  these  two  things : — 

(a)  The  rate  at  which  emanations  are  produced. 
(6)  The  rate  at  which  fresh  air  is  admitted. 
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The  advantage  of  large  sp&ce  arises  partly  from  the  fact  that  the  large  room  is 

longer  in  reaching  the  state  of  normal  impurity  than  the  small  room.  For  instance, 

the  following  table  shows  the  time  required  to  bring  air  to  the  standard  of 

admissible  impurity — ^viz.,  0*2  per  1,000  of  COu  in  different-sized  rooms,  in  which 
all  change  of  air  is  carefully  prevented. 

Ono  man  in   10,000  cubic  feet,  3  hours  20  minutes, 
5,000  „  1   hour    40 
1,000  „  20 

600^  „  12 
200  „  4 

I) 

60  „  1 

„  30  „  36  seconds. 

There  is  also  the  consideration  that  the  inflow  and  outflow  of  air  necessary  to 

maintain  the  standard  of  impurity  is  less  perceptible  in  a  large  than  in  a  small 

room,  for  the  chief  difficulty  of  ventilation  arises  from  the  draughts  it  causes. 

Every  one  is  professedly  anxious  for  ventilation,  but  no  one  likes  the  fresh  air  to 

be  admitted  where  it  will  impinge  on  them.  There  is,  moreover,  in  practice,  this 

advantage  in  the  larger  rooms  :  viz.,  that  the  larger  wall-surface  and  the  more 
numerous  windows  will  allow  of  a  larger  passage  of  air  through  them,  or  insensible 

ventilation  ;  and  thus,  with  equal  facilities  for  ventilation,  large  rooms  will  have  an 

apparently  less  degree  of  impurity  than  small  rooms. 

Although  the  uniform  diffusion  of  carbonic  acid  is  very  rapid  in  the  air  of  a 

room,  the  organic  emanations  given  out  do  not  in  practice  difiuse  themselves  either 

rapidly  or  iiniformly.  They  hang  about  in  comers  where  there  are  obstructions  to 

the  flow  of  air,  or  near  the  ceiling.  On  this  account  efficient  ventilation  requires 

that  there  should  be  some  space  between  the  occupants  of  a  room. 

In  living-rooms,  however,  the  space  between  the  occupants  does  not  require  so 

much  consideration  as  in  bed-rooms,  because  a  certain  space  is  necessary  for  moving 

about  and  for  furniture ;  but  in  bed-rooms,  and  especially  in  nurseries  or  in  rooms 
of  that  nature,  occupied  by  more  than  one  person,  the  question  becomes  of  much 

greater  importance. 

For  purposes  of  ventilation,  the  height  must  bear  some  relation  to  the  size. 

Adequate  movement  in  the  currents  of  air  cannot  be  secured  in  a  room  unless  the 

height  be  proportioned  to  the  width  and  length.  Therefore,  in  proportion  as  the 

width  and  length  of  a  room  is  increased  so  must  the  height  be  increased.  In  small 
rooms  we  should  seek  always  to  have  a  height  of  at  least  ten  feet,  because,  as  will 

appear  presently,  it  would  be  difficult  to  change  the  air  without  inconvenience  to 

the  occupants  with  a  much  less  height.  In  a  very  large  room  it  might  be  necessary 

to  give  a  height  of  16  or  20  feet,  so  as  to  allow  the  currents  of  air  to  move 

freely.  If  the  cubic  contents  of  the  room  were  taken  as  the  measure  of  the  number 

to  be  accommodated,  the  floor-space  of  the  lofty  room,  20  feet  high,  would  be  twice 

as  crowded  in  proportion  to  a  given  area  as  the  floor-space  of  the  room  10  feet 
high.  This  would  not  be  advisable.  As,  therefore,  the  height  of  rooms  is 

very  variable,  it  follows  that  it  is  rather  the  floor-space  which  must  be 
considered  in  allotting  accommodation  to  the  occupants  of  a  room  than  the  cubic 

space. 

In  considering   the  question  of  floor-space    in  its  aspect  as  connected  with 
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ventilation,  sonio  f^uido  is  affonled  by  the  rules  laid  down  for  barracks  and  work- 
house's, whiTi*  e<»onomy  had  to  l>e  considerecL 

In  liarracks  from  50  to  GO,  and  under  special  circumstances,  where  the  form  of 

the  building  was  deft»ctive  or  the  surroundings  were  unhealthy,  80  feet  of  floor- 

spai*e  per  occupant  of  the  room  are  allowed. 
In  workhous<'s  a  minimum  floor-space  of  25  feet  was  laid  down  as  admissible : 

that  is  to  say,  for  each  individual  occupying  the  room,  an  area  of  5  feet  by  5  feet; 
but  this  was  guanled  by  the  proviso  that  very  great  care  was  to  be  bestowed  on 

the  ventilation.  It  would  be  better  in  nurseries  and  servants'  rooms  occupied  by 
more  than  one  person  to  approximate  to  the  standard  in  use  in  barracks :  and  for 

dormitories  in  schools,  less  floor-space  than  fi-om  50  to  60  square  feet  should 
certainly  not  be  affbixled. 

In  school-rooms  which  are  occupied  only  in  the  daytime,  or  for  a  portion  of  the 
day,  a  smaller  cubic  space  is  sufficient.  The  reason  is  obvious:  because  the 
occupants  leave  the  room  empty  occasionally,  so  that  the  air  can  be  periodically 
renewed,  and  the  students  can  begin  each  lesson  with  a  reservoir  of  pure  air. 

Thus  the  proportion  of  floor-space  and  cubic  space  in  any  room  must  be 
regulated  to  a  certain  extent  with  reference  to  ihe  conditions  of  its  occupation,  as 
well  as  to  its  form  and  capacity  for  ventilation. 

The  quantity  of  fresh  air  which  it  has  been  considered  necessary  in  this  climate 
to  supply  for  each  occupant  of  a  room  was  laid  down  by  the  BaiTack  and  Hospital 
Improvement  Commission  at  1,200  cubic  feet  per  hour.  This  amount,  witli  a  cubic 

space  per  occupant  of  600  cubic  feet,  allowed  of  the  air  of  a  room  being  changed 

twice  in  an  hour.  If  the  same  inflow  of  air  in  proportion  to  the  cubic  space  l>e 
supplied  in  hospitals,  it  would  aflord  in  the  military  hospitals  nearly  2,500  cubic 
feet  per  occupant  per  hour,  and  in  civil  hospitals  nearly  3,100  cubic  feet  per  hour. 
Where  rooms  are  more  crowded,  and  the  cubic  space  per  individual  consequently 

li»ss,  the  quantity  of  air  in  proportion  to  cubic  space  should  be  increased.  Thus,  in 

a  school-room  where  frequently  not  more  than  200  cubic  feet  is  allowed  per  occupant, 
which  is  a  very  unsatisfactory  amount,  the  air  of  the  room  ought  to  be  changed 
five  times  at  least  in  an  hour,  if  the  room  is  continuously  occupied  for  several  hours. 

If,  on  the  other  hand,  there  are  periods  of  intermission  of  occupation — ^that  is  to 

say,  if  the  room  is  free  after  an  hour's  lesson,  and  the  air  is  renewed  so  as  to 
become  fresh  before  the  next  lesson — a  smaller  rate  of  renewal  during  the  limitctl 
occupation  would  suffice.  But  in  all  ventilating  arrangements  it  is  safest  to 
provide  for  the  maximum  requirements. 

Having  thus  explained  briefly  the  gonei'al  conditions  which  govern  the  move- 
ment of  air  and  the  amount  of  air  to  be  provided,  we  will  proceed  to  consider  the 

various  methods  which  have  been  adopted  in  order  to  give  these  considerations  a 

pi-actical  applicatioiL 
Ventilation  may  be  effected  : — 
(1)  By  taking  advantage  of  the  ordinary  currents  of  the  atmosphera 

(2)  By  supplementing  the  effect  of  the  ordinary  current  by  generating  heat  in 
flues  or  chimneys,  so  as  to  cause  movement. 

(3)  By  direct  propulsion  of  the  air  by  fans  or  pumps,  either  to  draw  it  into 
extraction  shafts  or  to  force  it  into  the  room. 

The  movement  of  air  by  the  two  first  of  the  above  methods  is  dependent  upon 
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t^'mperature,  and  all  ventilation  is  intimately  connected  with  cliffoi-ence  of  tempera- 
ture.    Hence,  ventilation  and  warming  must  always  go  hand  in  hand. 

The  comfort  of  ventilation  depends  upon  letting  the  air  flow  into  a  room  at 

such  a  temperature,  with  such  a  velocity,  and  in  such  a  position  as  will  prevent  the 

inmates  from  feeling  any  sensation  of  cold  or  draught.  What  is  a  draught  1  The 
explanation  given  by  Pettenkofer  is,  perhaps,  the  clearest  on  this  subject,  and  is  as 

follows : — ^The  unpleasant  sensations  from  di-aught  arise  from  a  one-sided  cooling 
of  the  body,  or  some  part  of  it;  this  is  frequently  caused  by  a  corresponding  motion 

of  cold  air,  but  also  in  other  ways,  as  by  increased  one-sided  radiation,  which 
occasions  a  local  perturbation  in  our  heat  economy,  and  thus  produces  local  con- 
sequences. 

If  a  person  perspires,  and  goes  to  the  window  with  bared  neck  or  chest,  he  feels 
a  shiver  not  only  there,  but  all  over  the  body,  and  the  perspiration  becomes 

suppressed  accordingly.  The  blood  which  at  the  time  filled  the  blood-vessels  of  the 
glowing  skin  is  displaced  by  the  contraction  of  its  channels ;  it  is  driven  not  only 
from  the  exposed  parts,  but  from  the  whole  surface  towards  the  internal  parts.  If 

one  or  some  of  them  ai'e  in  a  state  of  weakness,  danger  or  bad  consequences  may 
ensue. 

We  hear  often,  "  I  don't  like  sitting  near  this  window,  close  to  this  wall,"  and 

so  on ;  "  there  is  always  a  slight  draught  coming  from  there."  We  fancy  that  we 
feel  in  the  draught  the  motion  of  a  wind,  but  it  is  mostly  the  result  of  a  loss  of  heat 
on  one  side  by  radiation  towards  the  adjacent  cold  surface.  People  generally 
imagine  in  such  a  case  that  the  wind  is  passing  through  the  wall.  But  the  velocity 

of  such  a  wind  would  be  too  small  to  be  felt  as  air  in  motion,  and  a  piece  of  cai-pet 
fixed  to  the  suspected  wall,  which  checks  the  radiation  of  heat  from  the  body  to  the 
wall,  does  away  with  the  supposed  draught.  It  could,  therefore,  not  be  caused  by 

the  air-rush  through  the  wall,  because  the  carpet  is  many  times  more  permeable  to 
air  than  the  wall 

The  velocity  of  the  air  as  it  flows  in  and  out  of  a  room,  as  measured  at  the 

openings  for  admission  or  exit,  should  not  exceed  one  foot,  or  at  most  two  feet,  per 

second,  for  the  following  reasons,  viz :  first,  in  order  to  prevent  a  sensible  draught 
Wing  felt,  and  second,  because  a  low  velocity  is  favourable  to  the  uniform  diffusion 

of  the  incoming  air  through  the  air  of  the  room. 

To  avoid  friction,  it  is  convenient  that  the  velocity  in  the  channels-  leading  to 
the  main  extracting  shafts  should  not  exceed  three  feet  to  four  and  a  half  feet  per 
second,  and  the  velocity  in  the  larger  main  extracting  shafts  themselves  should  not 
exceed  from  six  to  geven  feet  per  second. 

This  latter  velocity  will,  under  general  circumstances,  and  where  the  extraction 

is  effected  by  means  of  a  heated  shaft,  be  obtained  by  a  difference  of  temperature 

l^etween  the  inside  and  outside  of  from  30°  to  35°  Fahrcnlieit.  In  special  cases,  on 
p^iunds  of  construction  or  otherwise,  it  may  be  found  necessary  to  exceed  this. 

These  velocities  would  be  regulated  by  the  size  given  to  the  inlets,  outlets, 

supply  channels,  and  extracting  shafts,  as  compared  with  each  other  rcsix^ctivcly, 
and  with  the  quantity  of  air  to  be  supplied  and  removed ;  which  quantity  would 
depend  upon  the  number  of  occupants  of  the  rooms  to  be  provided  for,  and  the 
amount  of  air  to  be  allotted  to  each,  and  upon  the  number  of  lights  burning,  and 

other  special  causes  of  impurity  in  the  air. 
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Air  sliould,  inoi*eover,  be  introduced  and  removed  at  those  parts  of  the  room 
where  it  would  not  cause  a  sensible  dmught.  Air  flowing  against  the  body,  at,  or 

even  somewhat  above  the  temperature  of  the  air  of  a  room,  will  cause  an  incon- 
venient draught,  from  the  fact  that,  as  it  removes  the  moisture  of  the  body,  it  causes 

evaporation  or  a  sensation  of  cold. 

Air  should  never,  as  a  rule,  be  introduced  at  or  dose  to  the  floor-leveL  The 
openings  would  be  liable  to  be  fouled  with  sweepings  and  dirt  The  air,  unless 
very  much  above  the  temperature  of  the  air  of  the  room,  would  produce  a  sensation 
of  cold  to  the  feet  It  may  be  regarded  as  an  axiom  in  ventilation  and  warming, 
that  the  feet  should  be  kept  warm  and  the  head  be  kept  cool. 

The  orifices  at  which  air  is  admitted  should  be  above  the  level  of  the  heads  of 

persons  occupying  the  room;  the  current  of  inflowing  air  should  be  directed  towards 
the  ceiling,  and  should  either  be  as  much  sub-divided  as  possible  by  means  of 
numerous  orifices,  or  be  admitted  through  conical  openings,  with  the  smaller  open- 

ings towards  the  outer  air,  and  the  larger  openings  towards  the  room,  by  which 
means  the  air  of  the  entering  current  is  very  rapidly  dispersed 

Air  admitted  near  the  ceiling  very  soon  ceases  to  exist  as  a  distinct  current, 
and  will  be  found  at  a  very  short  distance  from  the  inlet  to  have  mingled  with  the 
general  mass  of  the  air,  and  to  have  attained  the  temperature  of  the  room,  partly 
owing  to  the  larger  mass  of  air  in  the  room  with  which  the  inflowing  current 
mingles,  partly  to  the  action  of  gravity,  where  the  inflowing  air  is  colder  than  the 
air  in  the  room. 

The  velocity  of  the  air  may  be  measured  or  estimated  in  various  way&  It  may 
be  measured  by  pufis  of  vapour  of  turpentine,  or  by  balloons  filled  with  hydrogen 
and  weighted  to  be  of  the  exact  specific  gravity  of  air,  the  time  occupied  by  the 
puff  of  vapour  or  balloon  in  passing  along  a  measured  length  being  accurately 
ascertained. 

For  low  velocities,  it  is  worth  noting  that  a  sheet  of  light  tracing-paper  moved 

through  the  air  at  two  feet  per  second  takes  up  an  angle  of  45°,  and  affords  a  ready 
means  of  measuring  that  velocity ;  and  for  smaller  velocities  the  angle  assumed  by 
the  flame  of  a  candle  affords  a  fairly  accurate  index  according  to  the  following 
tabla 

Telocity  of  flow  of  air.                                              Angle  of  inclination  of  flame 
Feet  per  second.                                                      of  candle  with  hoiixon. 
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In  other  cases,  where  the  flow  of  the  air  is  more  rapid,  an  anemometer  may  be 
resorted  to. 

An  ordinary  form  of  anemometer  is  that  of  vanes  fixed  to  a  spindle,  the  revolu- 
tions of  which  are  recorded  by  a  counter.  The  vanes  are  turned  by  the  direct 

action  of  the  current  of  air,  and  the  number  of  revolutions  which  are  recorded  by 

the  counter  gives  the  velocity.  Of  coui-se  the  value  of  these  revolutions  has  to  1h' 
ascertained  in  the  first  place  by  direct  experiment ;  that  is,  by  forcing  a  known 

bulk  of  air  through  a  channel  of  a  given  size,  and  ascertaining  the  number  of  revo- 
lutions made  by  the  vanes,  at  different  velocities,  and  thus  obtaining  the  equation 
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for  the  particular  instrument  Another  method  of  ascertaining  the  value  of  the 
revolutions  is  to  move  the  instrument  itself  through  stagnant  air  at  given 
velocities.  It  is  necessaiy  to  measure  the  effects  of  various  velocities,  because,  the 
number  of  revolutions  corresponding  to  a  given  volume  of  air  when  the  current  of 
air  is  moving  slowly  does  not  necessarily  correspond  with  the  number  of  revolutions 
required  to  measure  the  same  volume  of  air  when  the  current  of  air  is  rapid. 
Moreover,  the  vanes  will  only  begin  to  move  after  the  current  of  air  has  attained  a 
certain  strength,  and  this  form  of  measurement  is  therefore  not  applicable  to  very 
low  velocitiea 

The  most  convenient  apparatus  for  the  purpose  of  measuring  the  relation 
between  the  motion  of  the  vanes  and  the  rate  of  the  flow  of  air  is  a  graduated 

vessel  constructed  on  the  principle  of  the  ordinary  gas-holder,  from  which  a  known 
quantity  of  air  can  be  expelled  at  will  through  a  channel  of  convenient  dimensions  in 
connection  with  it. 

Fletcher's  Anemometer  is  another  very  convenient  form  for  measuring  the  speed 
of  air  in  heated  flues. 

The  instrument  consists  of  two  parts  :  the  first  part  of  two  metal  tubes  of  about 

three-tenths  of  an  inch  internal  diameter,  open  throughout,  and  of  any  length  ;  the 
second  part  of  a  manometer,  or 

pressure-gauga  Of  these  tubes  the  "  **^ 
end  of  one  is  straight  and  plain, 
while  that  of  the  other  is  bent  to 

a  right  angle.  When  in  use  these 
tubes  are  placed  parallel  to  each 
other,  and  so  that  their  ends  are 
exposed  to  the  current  of  air  to  be 

measured  (Fig.  203).     They  lie  at  j^g  208. 
right  angles  to  the  current,  which 
thus  crosses  the  open  end  of  the  one  and  blows  into  the  bent  end  of  the  other. 

By  this  means  a  partial  vacuum  is  established  in  the  straight  tube,  whilst  the 
pressure  of  the  current  forces  the  air  into  the  bent  tube  ;  a  differential  manometer, 
attached  to  the  outer  ends  of  the  tubes,  shows  the  excess  of  pressure  in  the  bent  one 
over  that  in  the  straight  one.  The  manometer  used  is  a  simple  U  tube  of  glass  set 
vertically,  containing  ether,  fitted  with  Vernier  scales,  by  which  the  diffenmce  of  level 
of  the  surfaces  of  the  ether  in  the  two  limbs  can  be  measured  to  Y^nnr^^  ̂ ^  ̂ ^  inch. 
This  difference  of  level  between  the  columns  of  ether  becomes  a  measure  of  tho  s))eed 
of  the  cuiTent  passing  the  ends  of  the  anemometer  tubes.  The  connection  between 
the  tubes  in  the  chimney  and  the  glass  U  tube  may  be  convenientily  made  by  mcsns 
of  india-rubber  tubing. 
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CHAPTER  LL 

Pnciieal  Methods  of  Cluuiging  Air  by  the  Action  of  the  Atmofi)here— Effect  of  TemperAtnre— Action 

of  Wind— Shemngham'i  V^ontilntor— Vortical  Tubes  as  Inlets— Shafts  for  RemoTsl  of  Air-Toi« 
of  Shaft  OuUet-Cowls-Watson*s  VentUator-McKinneU's  Ventilator. 

Wb  will  now  proceed  to  consider  the  action  of  ordinary  currents  of  the  atmosphere 
on  ventilation. 

The  simplest  way  of  obtaining  a  change  of  air  in  a  room  is  to  take  ̂ vantage  of 

the  movement  in  the  air  produced  by  chuiges  of  temperature,  or  by  the  action  of 
the  winds. 

In  every  room  in  which  there  is  an  opening  at  the  upper  part,  out  of  which  the 
wanned  air  can  pass,  and  an  opening  either  level  with  it  or  below  it,  through  which 

fresh  air  can  flow  in,  the  system  of  ventilation  by  difference  of  temperature  will 

opt»rate. 
Thus  an  ordinary  sash-window  is  the  simplest  example.  If  the  top  sasli  bo 

lowered  and  the  bottom  sash  raised,  the  warmed  air  passes  out  of  the  room  at  the  top, 

and  the  cooler  outer  air  flows  in  below.  Hence,  for  an  inlet  for  air  to  an  ordiiian' 
room,  provided  with  a  fireplace,  but  unprovided  with  special  inlets,  a  very  simple 
plan  is  to  cut  a  slit  at  the  lower  bar  of  the  upper  sash  of  a  window^  so  as  to  leave 
a  clear  space  of  about  a  quarter  of  an  inch  along  its  whole  length,  through  which 
the  fresh  air  will  be  drawn  in  in  an  upward  direction.  Or  a  piece  of  wood  may  l« 
fitted  to  the  bottom  of  the  lower  sash  so  as  to  increase  its  depth,  and  prevent  its 
closing  completely,  thus  leaving  a  permanent  opening  at  the  junction  between  the 

upper  and  lower  sashes,  without  leaving  any  room  for  admission  of  air  and  draught 
at  the  bottom  of  the  lower  sash.  The  panes  of  windows  are  sometimes  used  for 

openings  for  air.  One  method  is  simply  to  cut  holes  in  the  pane  of  glass,  and  to 

fix*  another  piece  of  glass  in  the  pane,  arranged  on  the  principle  of  the  hit-and-miss 
ventilator,  by  which  the  openings  can  be  closed  or  opened  at  wilL  These  are 

subject  to  the  inconvenience  of  allowing  a  dii'ect  inflow  of  air,  and  consequent 
draught.  In  cottages. there  is  often  seen  a  tin  whirligig  inserted  instead  of  a  pane : 
this  revolves  with  the  admission  of  sdr,  and  breaks  up  and  throws  the  current 

t^wanls  the  ceiling.  In  window-i>anes  the  best  forms  of  ventilators  are  those  which 

<Urect  the  current  of  air  towards  the  ceiling,  such  as  hopper  ventilators,  or  Moorv's 
louvnnl  pane^  ;  but  all  ventilators  of  this  nature  in  windows  are  makeshifts ;  and  it 

is  preferable  to  adopt  ventilation  independent  of  the  window-openings,  reserving  thes»* 

for  light,  and  for  efFecting  a  thorough  change  of  air  in  the  room  at  occasional  tiiiu's 
If  a  room  has  two  outer  walls  on  opposite  sides,  and  if  an  opening  be  made  in 

each  wall,  and  if  the  wind  blows  against  one  of  the  walls,  there  will  be  an  iiiciva.se 
of  pressure  against  that  wall,  and  a  diminution  of  pressure  against  the  wall  opposite, 

consequently  air  will  be  forced  in  through  the  inlet  on  the  side  against  which  the 
wind  blows,  and  be  extracted  on  the  other  side.  In  order  to  utilise  this  efiect 

of  wind-pressure.  Sir  Joshua  Jebb  ventilated  barrack-rooms  by  hollow  lieams 
(Fig.  204),  canied  acvoBS  the  rooms  from  one  outside  wall  to  the  other,  communicating 
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with  the  open  air  at  both  ends,  and  also  provided  with  openings  into  the  room,  but 
hitting  a  wooden  partition  placed  across  in  the  centre  of  the  beam,  so  as  to  compel 
it  (o  act  both  as  on  inlet  and  on  outlet  when  the  wind  is  blowing  against  either 
outei-  wall. 

The  action   becomes  more  efficient  if  tlie  beam  be  dispeuaed  with  and  the 

oppnings  in  the  opposite  walla  retained  (Fig.  205) ;  the  moat  convenient  form  for  such 
openings  is  the  Sherringhom  ventilator,  or  the  conical  ventilator  al>ove  mentioned. 

The  Sherringham  ventilator  consists  of  an  iron  air-brick  or  box  innerted  close  to 
the  ceiling  of  the  room  (Fig.  206),  and  affording  a  direct  communioation  with  the 
external  air.     The  current  of  inflowing  air  is  directed  by  the  hopper  fomi  of  valve 

npu'ards  towards  the  ceiling.     The 
inside  area  is  somewhat  larger  than 
the  out^de  area,  in  consequence  of 
tlip  Iatt#r  being  closed  with  a  grating, 
and  thus  the  air  enters  the  room  at  a 

Ipss  velocity  than  that  at  which  it 
passes  the  outer  surface  of  the  wall. 

Inlets  have  been  formed  by  ver- 
tical tabes,  the  opening  to  the  outer    

air  being  made  near  the  floor,  and  the  Fig,  toe. 
tabe  being  employed  as  a  means  of 
carrying  the  opening  through  which  the  air  is  allowed  to  enter  tlie  room  to  a  height 
ot  five  or  six  feet  or  more  above  the  floor.  This  is  convenient  in  eases  where 

npcessitiea  of  construction  make  it  desirable  to  place  the  opening  to  the  outer  air 
low  down,  as  compared  with  the  point  of  entrance  of  the  air  into  the  room  ;  or 
when  it  is  desired  to  introduce  fresh  air  into  the  centae  of  very  wide  rooms  or  halls 
without  causing  an  unpleasant  draught  against  the  feet.  The  columns  supporting 

E-jlleriefl  of  halls  or  churches  form  convenient  tubes,  and  the  capitals  may  form  tlie 
inlet  to  the  room, 

A  system  of  this  description  has  been  in  use  in  the  British  Museum  for  above 

twmty  years.  The  fresh  lur  is  introduced  by  a  vertical  inlet  placed  l>etween  I'ows 
of  opposite  desks,  and  is  admitted  at  a  height  above  the  level  of  the  heads  of  the 
r^ers.    The  ̂ stem  has  also  been  long  used  in  cofiee-rooms  of  liotels,  and  in  dining- 
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rooms,  pillais  Iteing  placed  in  the  centre  of  the  floor,  through  which  Uie  fresh  air 
flowH,  and  parses  out  at  a  level  of  four  or  five  feet  or  more,  as  the  case  may  be. 

Yeiitilating-tubea  of    this  description  have  .the  advanta^  of   directing  the 
inflowing  current  upwards  towards  the 
ceiling ;  but  in  consequence  of  ̂ e  friction 
of  the  sides  of  the  tube,  the  velocity  with 
which  the  air  enters  the  room  is  less  than 

it  would  be  if  it  came  in  through  a  shorter 
channel  and  a  more  direct  inlet  inclined 

upwards.  Therefore,  in  an  outer  wall  a 
better  effect  wUl  generally  be  obtained  by 
a  Sherringham  ventilator. 

The  main  objection  to  these  tub» 

(Fig.  207)  is  that  they  are  diflicult  to  dean, 
and  hence  they  may  become  receptacles  for 
dirt,  insects,  cobwebs,  and  dust,  whidi  after 

a  time  may  injuriously  affect  the  air  pass- 
'w-  ̂ '  ^    ing  through  them.   Moreover,  inlets  of  this 

shape  do  not  readily  lend  themselves  to 

act  the  part  of  outlets  when  occasion  requires,  which  is  so  convenient  a  feature  of 
the  Sherringham  ventilator. 

i^ Upon  the  whole,  Sherringham's,  where 
applicable,  is  the  more  convenient  form, 
and  it  is  cheap  and  easily  cleaned. 

Where  a  room  has  two  outside  walls 

and  is  provided  with  openings  on  both 
sides,  this  inflow  and  outflow  of  air  is 
almost  certain  to  go  on  continuously,  in 
consequence  of  the  movement  of  the  outer 
air,  which  is  rarely  at  rest. 

Where  rooms  have  only  one  outer  wall, 
other  conditions  prevail. 

Under  such  circumstances,  it  may  be 

desirable  to  carry  a  shaft  fi-om  the  ceiling 
to  above  the  roof  (Fig.  208).  This  is  the 
principle  of  the  arrangement  adopted  for 
barracks  and  military  hospitals,  combined 
with  arrangements  for  warmed  air. 

If  an  open  tube  or  shaft  be  carried  up 
from  a  room  or  enclosed  space  to  a  point 
above,  where  the  top  is  exposed  to  the  free 
movement  of  the  atmosphere,  an  upward 
current  will  prevail  in  the  sliaft  so  long  as 
there  is  a  movement  in  the  atmosphere,  because  the  atmospheric  current^  in  its 
passage  over  the  top  of  the  tube,  relieves  to  a  certain  extent  the  pressure  which 

prevails  when  the  atmosphere  is  at  rest,  and  thus  causes  the  air  in  the  tulx*  to 
rise.     The  movement  is,  of  course,  unequal  in  its  action.     It  is  powerful  when  the 

WHArT    OUTLKT 

Fig.  208. 
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wind  is  high.  In  calm  weather  it  is  very  small ;  but  in  this  country,  as  already 
mentioned,  the  average  velocity  of  the  atmosphere  is  above  17  feet  per  second, 
and  it  is  rarely  quite  at  rest. 

It  is  very  difficult  to  measure  the  relation  which  the  current  in  a  tube  or  shaft 
caused  by  this  method  of  extraction  bears  to  the  velocity  of  the  wind,  because  there 
are  so  many  conflicting  elements  to  be  considered.  The  formulse  for  calculating  the 
velocity  of  wind  in  some  of  the  stcuadard  anemometers  are  not  entirely  satisfactory 
for  the  very  low  velocities,  and  it  is  in  the  case  of  the  low  velocities  that  it  is  most 
important  to  ascertain  the  current  in  the  upward  shaft,  because  in  high  winds  the 

up-currents  will,  as  a  rule,  be  very  strong.  But  the  action  of  wind,  whilst  it  tends 
to  exhaust  the  air  through  the  tube,  is,  at  the  same  time,  acting  on  all  other 
openings  in  the  building,  either  to  exhaust  or  to  force  in  air.  Hence,  gusts  of 
wind  will  sometimes  cause  a  reverse  action  in  the  tube,  in  consequence  of  some 
other  opening  acting  temporarily  as  a  means  of  extraction.  It  is  often  from  this 
cause  that  chimneys  are  found  to  smoke  in  windy  weather,  especially  when  they  are 
so  constructed  as  to  allow  of  a  sluggish  draught.  The  form  of  the  top  of  the 
upright  tube  or  shaft  has  an  influence  on  the  current  in  these  cases.  Thus,  when 
the  air  which  impinges  on  the  flue  is  caused  to  slope  upwards  or  sideways  from  the 

opening,  it  will  frequently  be  found  to  prevent  a  reverse  action  or  a  down-draught. 
Some  experiments  on  this  subject  have  been  recently  made  by  Lord  Kayleigh 

in  the  Cavendish  Laboratory,  at  Cambridge.  The  plan  he  adopted  was  to  produce 
currents  by  means  of  a  fan  over  the  tops  of  variouslyHshaped  tubes  representing  the 
top  of  a  chimney.  The  following  were  the  general  results  at  which  he  arrived,  and 
which  he  communicated  to  the  British  Association  : — 

The  worst  position  for  a  flue  is,  as  might  be  expected,  near  a  dead  wall,  because 
the  wind  blowing  against  the  wall  causes  momentarily  a  sudden  pressure,  which 
stops  for  the  moment  the  escape  of  the  gases  up  the  flue.  A  current  impinging  on 

the  top  of  the  flue  in  a  downward  direction,  at  an  angle  of  30"  or  upwards,  checks 
the  draught ;  a  current  across  the  top  of  the  flue,  forming  a  less  angle  with  the 

horizon  than  30**,  increases  the  draught;  and  the  most  advantageous  eflect  is 
produced  when  the  current  strikes  upwards  at  an  angle  of  30^ 

A  flue  terminated  with  a  T-shaped  head,  open  at  both  ends,  was  vety  favotir* 

able  against  down-draught,  except  when  the  current  struck  down  at  an  angle  of  30* 
or  more.  But  a  T-shaped  head,  with  two  short,  upright  pieces  at  each  end  of  the 
T,  open  at  the  top  and  bottom,  was  found  to  be  an  entire  preventive  of  down- 
draught  under  all  conditions  of  current.  It  must,  however,  be  observed  that  such  a 
form,  even  if  it  were  proved  perfect  in  a  laboratory  experiment,  presents  great 
inconveniences  in  practice  from  the  difficulties  in  cleaning.  Even  if  used  for  air 
only,  it  would  tend  to  accumulate  dirt,  and  smoke  must  inevitably  clog  it.  The 
safest  thing  to  do  with  chimneys  is  to  terminate  the  chimneys,  where  possible,  in  a 
place  where  the  pressure  is  not  variable,  and  in  any  case  to  construct  the  chimney 

80  that  there  shall  be  considerable  velocity  in  the  flue  to  counteract  any  tempoi-ary 
check  from  unequal  pi*essure. 

It  must  also  be  recollected  that  the  temperature  inside  the  flue,  as  compared 
^ith  that  of  the  outer  air,  has  an  important  influence  on  the  movement  of  the  air. 

If  the  atmosphere  should  be  without  perceptible  movement  in  cold  weather, 

vhen  the  temperature  indoors  ia  maintained  for  comfoi't  above  that  out  of  doors. 
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the  difference  of  temperature  will  cauae  an  upward  movement  in  the  shaft.  In  hot 

weather,  if  the  shaft  is  colder  than  the  outer  air,  a  down-current  may  ensue ;  but  if, 
in  hot  weather,  there  should  be  little  or  no  movement  in  the  shaft,  this  occurs  at  a 

time  when  the  windows  can  be  kept  open,  and  the  air  be  renewed  by  this  means. 
The  friction  in  the  shaft  varies  inversely  with  the  area,  and  with  small  tulies  it 

forms  a  very  perceptible  element  of  retardation.  Experiments  made  with  tubes  three 
inches  in  diameter  tended  to  show  that  the  velocity  obtained  in  the  tube  was  about 

two-fifths  of  that  of  the  wind ;  larger  diameters,  on  the  other  hand,  produce  better 
results. 

In  consequence  of  the  numerous  causes  of  disturbance  enumerated  above,  this 
method  of  extraction,  when  applied  to  a  house,  could  not  be  relied  on  to  act  on  all 

occasions  with  certainty  as  an  extraction-shaft ;  but  it  can  be  relied  on  to  ensure 
in  one  way  or  other,  and  to  a  certain  extent,  a  continual  change  of  air. 

Under  similar  conditions,  it  may  be  generally  assumed  that  a  tube  or  shaft  with 
an  open  top  will  act  satisfactorily.  It  is,  however,  necessary  to  protect  the  top, 
to  prevent  rain  from  entering  the  tube ;  but  a  cover  may  tend  more  or  less, 
according  to  its  shape,  to  delay  the  current  in  the  tube  or  shaft  The  shi^  of  the 
cowl  or  top  must  l>e  carefully  designed  so  as  to  obviate  this.  The  best  form  of 
cover  or  cowl  would  seem  to  be  one  which  affords  an  opening  larger  in  area  than 
the  area  of  the  tube,  the  top  of  the  tube  being  gradually  enlarged  on  definite 
principles  to  suit  the  enlargement  of  the  cover  or  cowL  A  cowl  with  a  curved 
head,  arranged  to  move  round  with  the  wind,  so  as  always  to  present  its  back  to 
the  wind,  if  gradually  enlarged  at  its  mouth  into  an  oval  shape,  with  an  aperture 

a  good  deal  larger  than  the  tube,  facilitates  extraction.  Buchan's  and  Boyle's  covls 
produce  a  similar  effect,  and  have  the  advantage  of  fixed  blades. 

In  connection  with  the  extraction  of  air  by  tubes  of  this  sort  with  the  mouths 
turned  away  from  the  wind,  there  may  be  used  other  tubes  with  similar  cowls 
turned  towards  the  wind.  This  system  is  often  used  on  board  ships.  The  air  is 
forced  down  the  one  tube  and  drawn  up  from  the  other. 

There  are  certain  foims  of  shafts  which  have  been  devised  to  act  both  as  inlets 

and  outlets,  but  in  order  to  do  so  they  require  fixed  condi- 
tions. Alter  these  fixed  conditions,  and  any  of  them  may 

become  wholly  outlet  or  wholly  inlet.  The  condition 
essential  to  their  operation  is,  that  the  room  to  which  tliev 
are  applied  be  closed,  and  in  a  closed  room  their  action  is 
singular.  If  a  number  of  people  be  crowded  into  a  room 
with  the  fireplace  closed  and  the  doors  and  windows  shut, 
and  if  a  tube  of  an  apparently  sufficient  area  to  afford 
ventilation  for  the  inmates  be  carried  fix>m  the  ceiling  of 
the  room  to  above  the  roof  of  the  building,  there  will  be  an 

in'egular  effort  at  effecting  an  interchajige  between  tlic  air 
of  the  room  and  the  outside  air.  The  outer  air  will  descvnd 

and  the  inner  air  will  ascend,  in  fitful,  variable,  irregubr 

cuiTents,  and  the  room  will  be  badly  ventilated,  if  venti- 
lated at  all. 

But^  singularly  enough,  no  sooner  is  the  tube  divided  longitudinally  (Fig.  209) 
from  top  to  bottom  by  means  of  any  diViFio^)  hoWevet  tiling  than  its  action  becomes  | 

A 

i' 

/ 

Fig.  £00. 
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immediately  changed — a  current  of  air  descends  into  the  room  continuously  on 
one  aide  of  the  partition,  and  a  current  of  foul  air  ascends  from  the  room  con- 

tinuously on  the  other  side  of  the  partition.  One  half  of  the  tube  supplies  fi'esh 
air  to  the  inmates  of  the  room,  and  the  other 
half  removes  foul  air,  so  that  if  the  size  be 

properly  adjusted  the  air  in  the  room  is  kept 
sweet. 

Watson's  Ventilator  (Fig.  210)  supplies  this 
principle  in  its  elementary  form.    It  consists  of 
a  scjuare  tube  with  a  division  down  the  centre, 

one  side  affording  a  tube  slightly  higher  than 
the  other :    it  has  no  means  of  diffusing  the 
descending     current        The     annexed     figure 

(Fig.  211)  shows  another  form  whei-e  the  current  | 
is  diffused.     It  is  called  M'KinnelFs  Ventilator. 
It  consists  of  two  cylinders,  one  encircling  the 
other,  the  area  of  the  inner  tube  and  encircling 

ring  being  equal     The  inner  one  is  the  outlet 
tul>e  ;  the  casing  of  the  other  tube  maintains  the  temperature  of  the  air  in  it ;  and 

it  is  always  made  rather  higher  than  the  other ;  above  it  is  protected  by  a  hood. 

The  outer  cylinder  or  ring  is  the  inlet-tube ;  the  air  is 
taken  at  a  lower  level  than  the  top  of  the  outlet-tube ; 
when  it  enters  the  room,  it  is  thrown  up  towards  the 

ceiling,  and  then  to  the  walls  by  a  flange  placed  on  the 
bottom  of  the  inner  tube,  Fig.  211.     Such  a  method  of 

   ventilation  is  very  useful  under  certain  conditions,  but 

it  is  not  universally  applicable.  Nor,  indeed,  is  thero 

any  universal  system  of  ventilation. 
There  is,  however,  one  point  in  connection  with  all 

ventilation  which  cannot  be  too  strongly  kept  in  view — viz.,  that  in  ventilating  a 
closed  space,  every  inlet  for  fresh  air  requires  a  corresponding  outlet,  if  movement 

is  to  take  place.     The  excellence  or  the  perfection  of  ventilation  of  a  given  con- 
fiued  space  depends  upon  the  relative  arrangements  for  the  inflow  as  well  as  tho 
removal  of  the  air. 

Fig.  no. 

\ 
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CHAPTER  LIL 

Application  of  Heat  for  canting  Moremant  of  Air— Temperatnre  of  Oompressod  and  Expanded  Air~ 
Condition  of  Combostion— Smoke^fiadiant  Heat — Oondnctioa— €k>nveotion. 

We  will  pass,  in  the  next  place,  to  consider  the  means  of  obtaining  ventilatioa 
hj  supplementing  the  movement  in  the  air  by  artificial  heat.  In  order  to  make 
chis  subject  intelligible,  it  is  necessaiy  to  consider  certain  questions  connected 
with  heat. 

It  has  been  already  explained  that  cool  air  is  more  favourable  to  breathii^  than 
hot  air.     This  should  be  carefully  noted  as  an  axiom  in  ventilation  and  wanning. 

The  act  of  compressing  air  produces  heat ;  the  coiTesponding  expansion  of  air 
produces  cold.  The  relation  of  the  volume  of  the  air  to  the  heat  and  cold  produced 
by  compression  and  expansion  will  be  best  explained  by  a  study  of  the  following 

table,  which  shows  approximately  the  cold  produced  by  dilation  and  the  heat  pro- 
duced by  compression  of  air  at  different  pressures.  The  volume  at  atmospheric 

pressure  at  the  sea-level  and  at  60^  Fahr.  being  assumed  as  1 0. 

AtnospbevBs. Nnmber  of  inches 
Ifercniy. 

Volame  of  the  air. 
Aetnal  temperattire 
of  the  air  during  the 

process. (FaLrenheit.) 

Difierence  doe  to 
coxnpressioii  or 

ezpa]U''o&. 
(Fahrenheit.) 

0-5 0-83 

1000 

15 25 

30 

1-634 

1137 

1000 

36-7*» 

+  33*> 

+60«' 

— 94** 

270 

1-25 
1-5 
20 37-5 45 

60 

0-86 
0-75 
0-61 

+94 -S® 
4-124-90 

+175-8*' +34-8« 

-i-64-9*» 

+115-8* 

Thus,  if  air  at  a  temperature  of  60'  be  compressed  to  half  its  volume,  or  to  a 
pressure  of  two  atmospheres,  its  temperature  is  raised  to  176*  Fahr. 

The  compression  of  the  air  caused  by  propulsion  raises  the  temperature  of  the 
inflowing  air.  Some  experiments  of  Qeneral  Morin  showed  that  in  a  system  of 
ventilation  where  the  pumping  in  of  the  air  gave  a  pressure  equivalent  to  2  inches 

of  water,  the  temperature  was  raised  fi-om  20^  to  25*  Fahr.,  between  the  tempera- 
ture at  the  place  from  which  the  air  was  drawn  into  the  fan  and  the  temperature  at 

the  inlet  into  the  room,  notwithstanding  the  loss  of  heat  which  took  place,  viz.,  the 
absorption  of  the  heat  on  the  way. 

If,  on  the  other  hand,  air  be  expanded  so  as  to  occupy  double  the  space,  the 

temperature  would  be  decreased  to  nearly  37*  Fahr.  below  zero ;  and  hence,  if  air 
be  compressed,  and  if  the  compressed  air  be  allowed  to  cool  down  to  the  tempera- 

ture of  normal  air,  and  the  air  be  then  allowed  to  expand,  a  degree  of  cold  will  be 

produced  e(}ual  to  the  difference  between  that  caused  by  the  compression  and  the 

a 
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normal  temperatura  This  affords  an  eflScient  means  of  supplying  cooled  air  for 
ventilating  purposes. 

In  connection  with  the  question  of  cooling  and  warming  air  for  ventilation,  it 
should  be  noted  that  the  mean  temperature  of  the  ground  at  a  depth  of  from  10  to 
20  feet  is  always  much  cooler  than  the  summer  temperature  and  much  warmer 
than  the  winter  temperature  of  the  air ;  and  that  therefore  a  means  of  warming  air 
in  winter  and  cooling  it  in  summer  is  to  a  certain  extent  always  at  hand. 

In  the  original  construction  of  a  house  ducts  might  be  carried  under  the  house 
to  bring  in  the  air,  so  that  it  would  be  warm  in  winter  and  cool  in  summer.  A 
passage  at  a  depth  of  6  feet,  of  200  feet  in  length,  has  had  the  effect  of  warming 
the  air  passing  through  it  to  much  above  the  arithmetical  mean  between  the  outer 
air  and  that  of  the  earth.  But  in  any  such  arrangement  it  would  be  necessary  that 

air-ducts,  whilst  being  good  conductors  of  heat,  should  be  constructed  of  an  imper- 
vious material,  because  the  ground-air,  or  air  which  permeates  from  the  ground,  is 

liable  to  contain  many  deleterious  matters.  It  is  on  this  account  preferable  that 
the  air  so  brought  in  should  be  brought  in  metal  tubes.  Wlien  such  arrangements 

have  not  been  made  in  the  original  construction  of  the  house,  simpler  and  less  ex- 

pensive arrangements  may  be  made  by  sinking  pipes  underground,  and  di-awing  the 
air  through  them. 

The  efficiency  of  this  arrangement  would  of  course  depend  upon  the  proportion 
of  the  size  of  the  pipes  to  the  volume  of  air. 

The  air  so  brought  in  would  be  delivered  in  cold  winter  weather  at  a  tempera- 
ture which  would  require  a  much  less  amount  of  fuel  to  warm  it  than  air  brought 

direct  from  the  outer  air.  It  is  also  noteworthy  that  air  drawn  fix)m  a  height  of 

50  feet  from  the  ground  would,  especially  where  there  are  ground-fogs,  be  warmer 
than  air  drawn  from  close  to  the  surface  of  the  ground. 

The  next  question  to  be  considered  in  warming  air  is  the  heatang-power  of 
different  kinds  of  fuel  This  varies  considerably,  and  depends  chiefly  upon  the  pro- 

portion of  carbon  and  hydrogen  which  they  contain. 
In  this  country  our  heat  is  all  derived  from  coal  or  the  products  of  coal,  such  as 

coke  or  ga&  Wood  is  only  used  as  a  luxury.  The  usual  plan  is  to  use  raw  coal ; 
and,  with  all  its  imperfections,  it  is  on  the  whole  the  cheapest  emd  most  convenient 
form  of  obtaining  heat.  There  are,  however,  numerous  objections  to  its  use.  It 
creates  dirt  and  dust  in  a  room ;  it  sends  up  smoke  and  soot  into  the  atmosphere ; 
and,  as  we  have  already  mentioned,  makes  our  town  fogs  blacker  and  more  persis- 

tent Coke  is  free  from  some  of  these  imperfections,  and  gas  would  be  an  eminently 
clean  fuel  Dr.  Siemens  has  proposed  that,  instead  of  burning  raw  fuel  in  our  fire- 

places, we  should  reduce  our  raw  fuel  into  coke  and  gas,  and  then  combine  them  in 
the  fireplace.  Gsa  made  for  illuminating  purposes  is,  however,  too  expensive  for  a 
fuel  At  4s.  per  thousand  cubic  feet,  it  may  be  assumed  to  cost  from  three  to  four 
times  as  much  as  coal.  But  it  is  quite  certain  that  if  gas  were  made  for  heating 
purposes  only,  and  were  sold  at  from  Is.  6d.  to  2s.  per  thousand  cubic  feet,  the  use 
of  gas  would  obtain  a  very  great  extension,  because  it  can  be  applied  so  conveniently 
and  easily. 

The  oxygen  required  for  combustion  is  supplied  by  air. 
The  nitrogen  of  the  air  passes  through  a  fire  without  material  alteration,  and  for 

inirposes  of  combustion  the  oxygen  alone  is  available.  The  nitrogen  is  indeed  a 
S8 
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source  of  loss,  because  it  has  to  be  wanned  in  order  to  be  carried  up  the  chimney; 
and  it  would  l>e  a  great  source  of  economy  in  warming  if  some  method  could  be 
devised  of  filtering  the  air,  so  as  to  allow  the  oxygen  to  pass  through  the  filter  and 

the  niti-ogen  to  be  held  back.  Such  a  filter  might  be  constructed  of  india-rubber,  but 

the  rate  of  [lassage  of  the  oxygen  would  be  too  slow  to  admit  of  such  a  filter  ha\'iiig 
any  practical  application.  Baryta  raised  to  different  degrees  of  heat  has  been 
proposed  for  arresting  the  oxygen  from  the  air  and  giving  it  ont  to  the  fire. 

£x]ierienoe  shows  that  the  air  which  has  passed  through  a  fire  retains  a  con- 
siderable proportion  of  its  normal  quantity  of  oxygen,  and  therefore,  for  practical 

jmrposes  of  combustion,  the  supply  of  air  should  be  increased  beyond  the  quantity 
which  theoretical  considerations  show  to  be  necessary,  in  the  ratio  of  1  ̂  to  1  or  2 

to  1.  Thus,  one  pound  of  coal  or  charcoal  may  be  assumed  to  require  for  its  com- 
bustion a>x>ut  300  cubic  feet  of  air  at  62°  Fahr. ;  1  lb.  of  dry  wood  about  160  cubic 

feet  of  air. 

In  a  close  stove  perfect  combustion  depends  on  the  area  of  the  grate  and  other 
apertures  for  admitting  air  with  reference  to  the  fuel  used,  to  the  height  of 
chimney  or  other  means  for  drawing  or  propelling  the  air  through  the  fuel,  and  to 
the  power  of  regulating  the  inflow  of  air  by  dampers  or  doors.  In  open  fireplaces, 
whilst  a  blazing  fire  will  be  best  obtained  by  a  grating  under  the  fire,  yet  if  the  air 
be  properly  guided  to  the  back  as  well  as  to  the  front  and  sides  of  the  upper  part  of 
the  fuel  in  an  open  fire,  a  bright  fire  will  be  obtained. 

In  all  cases,  when  the  supply  of  air  is  insulficient,  carbonic  oxide  is  formed.  Tlie 
formation  of  carbonic  oxide  in  an  ordinary  grate  in  which  coal  is  burned  is  shovn 
by  the  blue-coloured  flame  which  is  sometimes  seen,  and  is  an  evidence  of  an 
insuflicient  supply  of  oxygen  at  that  part  of  the  fire  for  supporting  combustion. 

The  heat  evolved  in  forming  carbonic  oxide  is  much  less  than  that  evolved  iu 

the  formation  of  carbonic  acid;  therefore  it  is  wasteful  to  bum  coal  with  an  insuffi- 
cient supply  of  air,  in  such  a  manner  as  to  allow  of  the  formation  of  carbonic  oxide 

instead  of  carbonic  acid  gas. 
The  eflect  of  water  in  a  combustible  is  to  diminish  the  actual  weight  available 

for  producing  heat,  as  well  as  to  absorb  such  a  proportion  of  the  heat  generated  as 
may  be  necessary  for  evaporating  the  water  j  therefore  fuel  should  be  as  dry  as 
possible.  For  instance,  a  fire  supplied  with  damp  wood  will  give  out  scarcely  any 
heat. 

We  next  come  to  the  important  question  of  smoke,  which  is  the  bane  of  all  oar 
large  towns,  and  has  been  shown  to  have  an  important  influence  on  the  persistent 
character  of  fogs  in  large  towns. 

This  question  of  the  consumption  of  smoke  has  recently  received  considerable 
impetus  from  the  serious  fogs  with  which  the  metropolis  was  troubled  two  or  three 

years  ago,  and  numerous  fireplaces  wei'e  exhibited  at  the  Smoke  Abatement  Exhi- 
bition, held  in  1882,  which  had  the  object  of  preventing  smoke. 

Although  elaborate  experiments  have  been  made  from  time  to  time  with  a  view 
to  ascertain  the  nature  of  the  gases  generated  in  furnaces,  but  little  attention  has 
been  devoted  to  the  compositioir  of  the  gases  given  off  from  stoves  and  gmtes. 

Amongst  the  earlier  researches  on  chimney  gases  are  those  of  Peclet,  but  his 
results,  and  those  of  some  other  experimenters,  were  open  to  the  objection  that 
the  samples  taken  for  analysis  were  only  small  fractions  of  the  total  gases  in  tlie 
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flues,  and,  were  not  taken  with  sufficient  frequency  to  represent  the  mean  composi- 
tion. M.  Scheurer-Kestner  published  in  1870  and  1875  the  results  of  experiments 

made  at  Mulhonse,  on  the  composition  of  the  flue-gases  of  boiler-furnaces,  which 
were  more  complete. 

This  chemist,  in  conjunction  with  M.  Meunier,  conducted  a  series  of  experi- 
ments, in  1868,  on  the  combustion  of  fuel  in  boiler-furnaces,  which  showed 

the  difficulty  of  burning  fuel  completely  on  the  grate  of  a  furnace ;  and  the  analysis 
of  the  chimney  gases  led  to  the  conclusion  that  the  products  of  combustion 
always  contain  unbumt  constituents  even  with  only  a  thin  layer  of  fuel  and 
an  excess  of  air  of  more  tlian  50  per  cent.,  that  is  to  say,  with  volumes  of  15  cubic 
metres  of  air  for  every  kilogramme  of  coal  burnt,  instead  of  8  to  10  cubic  metres. 
They  also  showed  that  the  mean  proportion  of  unbumt  hydrogen  reached  20  per 
cent  of  the  total  amount  present,  which  pointed  to  the  fact  that  hydrogen  is  more 
difficult  to  bum,  even  under  favourable  conditions,  than  carbonic  oxide,  and  that 

with  a  thin  layer  of  incandescent  fuel  the  unbumt  carbon  in  the  gas  exists  more 
often  in  the  form  of  hydrocarbon  than  of  carbonic  oxide. 

In  the  open  fireplace  much  of  the  air  in  the  flue  does  not  come  in  contact  with 
the  fuel  at  all,  and  the  dilution  of  the  products  of  combustion  by  air  varies  with 
the  rapidity  of  the  draught. 

In  the  experiments  made  by  Mr.  Chandler  Robei'ts,  F.R.S.,  for  the  Smoke  Abate- 
ment Exhibition,  which  deserve  careful  study,  the  ratios  by  weight  between  the 

carbon  completely  burnt  to  carbonic  anhydride,  to  that  present  in  the  form  of  hydro- 
carbons or  carbonic  oxide,  varies  between  the  limits  of  1,000  :  8  to  1,000  :  259, 

ratios  which  are  much  higher  than  those  obtained  by  M.  Scheurer-Kestner, 
although  they  correspond  with  certain  analyses  made  by  M.  Foucou  on  the  gases 
escaping  from  the  furnaces  of  locomotives.  It  would  seem,  therefore,  that  an  open 
fireplace  need  not  compare  unfavourably  (from  the  point  of  view  of  effecting  the 

complete  combustion  of  carbon)  with  the  boiler-furnace,  in  which  there  is  a  larger 
mass  of  incandescent  fuel ;  but  it  must  be  remembered  that  the  appliances  exhibited 

were  in  most  cases  specially  designed  for  effecting  complete  combustion,  and,  further^ 
that  the  stoking  was  in  all  oases  effected  with  great  care,  so  as  to  insure  as 
favourable  results  as  possible. 

On  the  other  hand,  although  in  the  case  of  the  boiler-furnaces  tested  by  M. 
Scheurer-Kestner  the  stoking  was  conducted  with  the  most  scrupulous  attention, 
still  the  refrigerating  action  of  a  mass  of  water  in  the  boiler  must  have  impeded  the 
union  of  oxygen  and  the  combustible  gases. 

As  regards  soot,  M.  Delezenne  estimated,  in  1855,  that  the  proportion  of  carbon 
that  escaped  combustion  in  the  form  of  soot  might  be  taken  at  5  per  cent,  of  the 
total  weight  of  fuel  burnt  in  the  grate,  and  that  6,320  kilogrammes  of  soot  fell  in 
twelve  hours  on  the  town  of  Lille.  But  Emile  Bumat,  quoting  Payen,  pointed  out 

in  a  paper  on  the  combustion  of  smoke  in  boiler-furnaces,  read  before  the  Indus- 
trial Society  of  Mulhouse,  in  1875,  that  the  amount  of  finely-divided  carbon 

produced  in  a  certain  lamp-black  factory  is  only  3  per  cent,  of  the  coal  burnt,  and 
therefore  the  amount  of  carbon  in  ordinary  smoke  must  be  much  lower. 

In  1858,  Mr.  John  Graham  estimated  that  very  black  smoke  does  not  contain 

more  than  -^  per  cent,  of  the  carbon  of  the  coal  burnt,  and  the  experiments 

^  M.  Scheurer-Kestner    already    quoted    showed    that    in    boiler-fumaoes    the 
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los8  of  carbon  in  the  form  of  soot  never  exceeds  1  per  cent  of  the  fuel  burnt,  while 

the  mean  loss  Ib  probably  between  J  and  |  per  cent  A  case,  however,  is  recorded 
in  which  a  coal  containing  69  per  cent  of  carbon  (burnt  with  an  inadequate  sapply 

of  air)  lost  an  amount  of  carbon  as  soot  equal  to  2*03  per  cent  of  the  fuel  burnt 
As  might  be  anticipate<l,  the  amount  of  soot  is  greater  in  the  case  of  an  a^n 

iire[)lace  than  in  a  boiler-furnace,  but  the  results  of  the  tests  made  by  Mr. 
Chandler  Roberts  at  the  Smoke  Abatement  Exhibition  are  not  oonclusiTe  on 

this  point,  although  they  possess  much  interest  ' 
In  many  cases  the  flues  were  carefully  swept  before  and  after  the  trial,  and  the 

soot  was  collected  and  weighed.  In  an  extreme  case,  in  an  open  fireplace,  no  less 

Uian  21  per  cent,  of  soot^  compared  with  the  fuel  burnt,  was  found  in  the  flu  3  at 
the  end  of  the  trial.  In  the  case  of  three  dose  stoves  of  careful  construction,  rather 

less  than  ̂   [)cr  cent  was  found,  while  in  some  cases  it  fell  to  ̂   per  cent,  and  in  one 

case  to  ̂   per  cent  But,  on  the  other  hand,  these  numbers  do  not  include  the 
amount  escaping  into  the  air. 

In  a  preliminary  experiment  made  with  an  ordinary  open  fireplace  connecttni 

with  a  chimney  by  means  of  a  sheet-iron  pipe  6  feet  long  and  9  in.  diameter,  17  lbs. 

of  bituminous  coal  was  burnt  in  three  hours,  and  no  less  than  0*61  per  cent  of  the 
fuel  burnt  was  collected  in  the  pipe  in  the  form  of  soot,  while  the  soot  that  passetl 

into  the  chimney  was  not  collected.  This  0*61  per  cent  of  soot,  after  drying  at 

100**  C,  yielded,  on  distillation  at  300''  C,  12  per  cent  of  an  oily  strong-smelling 
mixture  of  hydrocarbons. 

The  primary  condition  for  the  prevention  of  smoke  is  the  complete  combustion 
of  the  fuel ;  therefore  the  combustible  gases  should  be  iatimately  mixed  with  air, 
and  the  mixture  should  be  effected  at  a  high  temperature.  Those  grates  and  stoves 
which  fulfil  these  conditions  in  the  most  perfect  way  would  be  those  which  would 
develop  most  heat  out  of  the  fuel,  and  if  their  parts  are  properly  arranged,  they 
should  give  out  most  heat  for  useful  purposes.  They  would  also  create  least  smoke. 
But  in  practice  it  has  been  found  very  difficult  to  combine  these  several  condition;) 
in  an  open  fire. 

Having  thus  described  generally  the  conditions  which  govern  combustion,  we 
will  proceed  to  mention  the  general  character  of  the  results  to  be  obtained  from  the 
combustion. 

Badiant  heat  passes  through  moderate  thicknesses  of  air  without  sensibly  heating 
the  air,  so  that  it  may  be  assumed  that  air  cannot  be  heated  by  the  direct  action  of 
the  radiant  heat  from  a  flame  or  an  open  fire ;  but  the  radiant  heat  warms  the  bodies 

which  intercept  the  rays,  and  these  bodies  warm  the  air.  For  moderate  tempera- 
tures the  emission  of  heat  from  bodies  by  radiation  is  proportional  to  the  difierencc 

of  temperature,  but  for  high  temperatures  and  great  differences  of  temperature,  thi* 
proportionate  emission  is  much  greater.  The  radiant  power  of  a  body  is  equal  to  it^ 
absorbing  power,  and  varies  with  the  nature  of  the  surface. 

The  passage  of  heat  through  a  body  by  conduction  varies  directly  with  the 
quality  of  material  and  with  the  difference  between  the  temperature  of  the  inner 
surface  exposed  to  the  heat  and  the  outer  surface  exposed  to  a  cooling  influence, 
and  inversely  as  the  thickness  between  the  surfaces.  Copper  is  a  better  material 
than  iron  for  conveying  the  heat  from  the  fire  to  water  or  air ;  and  coverings  of 
brickwork,  wood,  or  woollen  fabrics  are  better  adapted  than  iron  for  retaining  the 
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heat.  The  property  which  appears  more  than  any  other  to  make  materials  good 

non-conductors  of  heat  is  their  porosity  to  air,  and  the  fact  that  they  retain  air  in 
their  pores,  air  being  a  very  bad  conductor  of  heat. 

In  addition  to  the  loss  by  conduction,  the  heat  which  has  been  communicated  to 
a  solid  body  is  given  out  from  it  by  radiation  and  by  contact  of  cooler  air ;  the 
rapidity  with  which  it  is  thus  given  out  depends,  in  the  case  of  radiation,  on  the 
nature  of  the  surface  of  the  body ;  and  in  the  case  of  loss  by  contact  of  air,  on  the 
fonn  of  the  body  only.  The  various  modes  generally  in  use  of  applying  heat  may 

be  classed  under  open  fireplaces,  stoves,  and  hot-water  and  steam  pipes. 
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CHAPTER     Liri 

OPKN    FIBEPLACBS. 

▲dvantogea  of  ao  Open  FirepUoe — Barly  Improvementa — Permanence  of  Genenl  Foim— DoBcription 
and  Results  of  Various  Recent  Grates. 

An  open  fire  warma  the  air  in  a  room  by  first  warming  the  walls,  floor,  ceiling, 
and  articles  in  the  room,  and  these  in  their  turn  warm  the  air.  Therefore,  in  a 
room  with  an  open  fire,  the  air  of  the  room  is,  as  a  rule,  less  heated  than  the  walk 
In  this  case  the  warming  of  the  air  depends  on  the  capacity  of  the  surfaces  on  which 
the  rays  impinge  to  absorb  or  emit  heat ;  except  that  the  heat  received  by  the  waUs 
may  be  divided  into  two  parts,  one  part  heating  the  air  in  contact  with  the  wall, 

and  the  other  passing  through  the  wall  to  the  outer  surface,  where  it  is  finally  dissi- 
pated and  wasted. 

The  open  fire  affords  the  simplest  and  most  efficient  form  of  outlet  shaft  for  ven- 
tilation, because  it  both  extracts  the  air  from  the  room  with  great  rapidity,  and  it 

causes  a  circulation  of  air ;  the  method  of  heating  by  means  of  the  open  fireplace  k 
also  in  accordance  with  that  of  the  sun — the  body  is  warmed,  but  the  air  remains 
cool ;  because  the  rays  from  the  sun  and  the  rays  from  a  fire  pass  through  the  air 
without  having  much  effect  in  warming  it. 

One  lb.  of  coal  is  more  than  sufficient,  if  all  the  heat  of  combustion  is  utilised, 

to  raise  the  temperature  of  a  room  20  feet  square  and  12  feet  high  to  10  degrees 
above  the  temperature  of  the  outer  air.  If  the  room  were  not  ventilated  at  all,  and 
the  walls  were  composed  of  non-conducting  material,  the  consumption  of  fuel  to 
mfidntain  this  temperature  would  be  very  small ;  but,  in  proportion  to  the  change  of 
the  air  of  the  room  and  to  the  escape  of  heat  through  the  walls,  windows,  ceiling,  tCy 
so  would  the  consumption  of  fuel  necessary  to  maintain  that  temperature  increase. 
If  the  volume  of  air  contained  in  the  room  above  mentioned  were  changed  every 
hour,  nearly  one  lb.  of  coal  additional  would  be  required  per  hour  to  heat  the 
inflowing  air ;  so  that  to  Tnaint>ain  the  temperature  at  10  degrees  above  that  of  the 
outer  air  during  12  hours  would  require  12  lb.  of  coaL 

The  principle  of  the  ordinary  open  fireplace  is  that  the  coal  shall  be  placed  in  a 
grate,  by  which  air  is  admitted  from  the  bottom  and  sides,  to  aid  in  the  combustion 
of  the  coal;  and  an  ordinary  fireplace,  for  a  room  of  20  feet  square  and  12 
feet  high,  will  contain  from  about  15  to  20  lb.  at  a  time,  and,  if  the  fire 
be  kept  up  for  12  hours,  probably  the  consumption  will  be  about  100  lb. ;  or 
the  consumption  may  be  assumed  at  about  8  lbs.  of  coal  an  hour. 

One  lb.  of  coal  may  be  assumed  to  require,  for  its  perfect  combustion,  160 
cubic  feet  of  atmospheric  air;  8  lb.  would  require  1,280  cubic  feet;  but  at  a 

very  low  computation  of  the  velocity  of  the  gases  in  an  ordinary  chimney-flue,  the 
air  would  pass  up  the  chimney  at  a  rate  of  from  4  to  6  feet  per  second,  or  from 
14,000  to  20,000  cubic  feet  per  hour;  with  the  chimneys  in  ordinary  use,  a  velocity 
of  from  8  to  12  feet  per  second  may  indeed  sometimes  prevail,  which  would  give 
an  outflow  of  air  of  from  26,000  to  32,000  cubic  feet  per  hour.     This  air  comes 
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into  the  room  cold,  and  when  it  is  beginning  to  be  wbrmed  it  is  drawn  away  up  the 
chimney,  and  its  place  611ed  by  fresh  cold  air.  A  room  20  feet  square  and  12  feet 
high  contains  4,800  cubic  feet  of  space.  In  such  a  room,  with  a  good  fire,  the  air 
would  be  removed  4  or  6  times  an  hour  with  a  moderate  draught  in  the  chimney, 
and  6  or  8  times  with  a  blazing  fire.  The  atmosphere  of  the  room  is  thus  being 
cooled  down  rapidly  by  the  continued  influx  of  cold  air  to  supply  the  place  of  the 
warmer  air  drawn  up  the  chinmey  ;  and  General  Morin  estimated  that  of  the  heat 

generated  by  fuel  in  an  ordinary  open  fireplace,  about  one-eighth  only  is  utilised  in 
warming  the  air  of  the  room,  and  probably  about  two-eighths  are  absorbed  by  the 
walls,  ceiling,  floor,  <fec  (fee.,  thus  leaving  about  five-eighths  to  be  lost  up  the 
chimney  by  imperfect  combustion  and  other  causes.  The  very  means  adopted  to 
heat  the  room  tend  to  produce  draughts,  because  the  stronger  the  direct  radiation, 
or  rather,  the  brighter  the  flame  in  open  fireplaces,  the  stronger  must  be  the 
draught  of  the  fire  and  the  abstraction  of  heat. 

A  fireplace  is  thus  powerful  enough  to  draw  into  the  room  all  the  air  it  wants ; 
and  for  this  purpose  will  use  indiscriminately  all  other  openings,  whether  inlets  or 
outlets,  if  necessary. 

The  way  in  which  an  ordinary  open  fireplace  acts  to  create  circulation  of  air  in 

a  room  with  closed  doors  and  windows  is  as  follows :  — The  air  is  drawn  along  the 
floor  towards  the  grate ;  it  is  then  warmed  by  the  heat  which  pervades  all  objects 
near  the  fire,  and  part  is  carried  up  the  chimney  with  the  smoke,  whilst  the  re- 

mainder, partly  in  consequence  of  the  warmth  it  has  acquired  from  the  fire,  and 
partly  owing  to  the  impetus  created  in  its  movement  towards  the  fire,  flows 

upwards  towards  the  ceiling  near  the  chimney-breast.  It  passes  along  the  ceiling, 
and  as  it  cools  in  its  progress  towards  the  opposite  wall,  descends  to  the  floor,  to  be 
ft^n  drawn  towards  the  fireplace. 

It  follows  from  this  that  with  an  open  fireplace  in  a  room  the  best  position 
in  which  to  deliver  the  fresh  air  required  to  take  the  place  of  that  which  has  passed 
up  the  chimney  is  above  the  projecting  chimney  piece,  and  at  any  convenient  point 
in  the  chimney-breast  between  the  chimneypiece  and  the  top  of  the  room,  for  the 
air  thus  falls  into  the  warmer  upward  current,  and  mixes  with  the  air  of  the  room 
without  perceptible  disturbance. 

The  open  fireplace  thus  presents  special  advantages  for  securing  efficient 
ventilation  by  means  of  the  circulation  of  air  which  it  creates.  It  makes  the  room 
in  which  it  is  in  use  independent  of  other  means  of  extraction  of  air,  unless  the 
room  is  very  crowded,  or  beyond  the  size  for  which  the  fireplace  is  calculated. 

The  air  thus  extracted  must  be  drawn  into  the  room  from  somewhere,  and 
unless  arrangements  be  made  for  supplying  the  room  with  warmed  fresh  air,  cold 
air  finds  its  way  into  the  room  through  the  special  inlets,  if  they  are  provided  ;  if 
not,  through  the  chinks  of  the  windows  and  doors,  or  wherever  it  can  get  in  most 
easily.  The  large  volume  of  fresh  air  required  to  supply  that  drawn  up  the 
chinmey  cannot  always  be  warmed  with  sufficient  rapidity  by  contact  with  the 

walls  and  furniture  only ;  the  temperature  in  different  parts  of  the  room  is,  there- 
fore, frequently  very  unequal,  and  the  occupants  are  subjected  to  draughts. 

The  only  way  to  prevent  draughts  is  to  adopt  means  for  providing  fresh  warmed 
air  to  supply  the  place  of  that  removed.  But  the  temperature  at  which  the  air  is 
supplied  must  be  regulated  at  the  lowest  point  compatible  with  comfort — probably 
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in  this  country  about  54*  to  60" — or  else  one  of  the  chief  advantages  ci  the  open 
tire  is  lost^ 

There  are  many  cases,  in  old  houses  especiaUy,  in  which  it  is  difficult  to  supply 

wanned  air  to  the  fireplace,  or  to  make  arrangements  for  its  admission  to  the  roont 

In  such  circumstances  the  form  of  the  grate  of  an  open  fire  and  its  size  in 

proportion  to  the  room  may  materially  affect  the  question  of  draughts,  as  will 

appear  from  the  following  considerations. 

The  effect  of  the  open  fireplace  on  wanning  depends  on  the  radiant  heat  from 

the  fire  ;  this  docs  not  directly  warm  the  air  of  the  room ;  the  rays  from  the  fire 

warm  the  sides  and  back  and  parts  adjacent  to  the  grate ;  they  warm  the  walls. 

floors,  ceiling,  and  furniture  of  the  room,  and  these  impart  heat  to  ihe  air. 

A  fire  with  a  bright  flame,  which  therefore  has  a  very  high  temperatore,  is 
under  the  most  favourable  conditions  for  emitting  radiant  heat. 

The  form  and  material  of  the  fireplace,  as  well  as  the  material  of  the  soifaces 

on  which  the  rays  impinge,  can  thus  assist  materially  the  warming  of  the  air.  Die 

rays  should   impinge  more  freely  on  the  walla  and   floor  than  on  the  oeQing. 

A  chimneypiece  with  a  surfoce  favourable  to 
the  absoiption  and  emission  of  heat  would  be 
favourable  to  the  warming  and  circulatioii  of 
the  air. 

The  nature  of  the  walla  and  furniture  will 

assist  in  warming  the  air.  In  an  ordinary 
fireplace  the  sides  should  be  splayed. 

Count  Rumf  ord  pointed  out  the  advantages 
of  splaying  the  sides  and  back  of  the  fireplace 

in  1796.  In  those  days  large  square  fire- 
places were  in  usa  He  reduced  the  large 

fireplaces  by  means  of  fire-brick  sides  and  back.  The  accompanying  plan  shows 
the  method  he  suggested  (Fig.  212). 

This  system  has  been  generally  in  use  ever  since,  but  in  recent  years  our 
high  art  architects  are  gradually  reverting  to  the  old  form  of  fireplace  which 

Count  Rumford's  plans  superseded.  They  make  them  ardstic  by  the  use  of  glazed 
tiles  at  the  sides  and  bacL  This  shape  of  the  fireplaces  is  not  calculated  to  afford 
the  room  the  full  benefit  of  the  rays  from  the  fire ;  but  there  is  a  great  advantage 
in  the  sides  and  back  being  made  of  glazed  tiles,  because  the  enamelled  surface 
emits  the  heat  more  rapidly  than  an  iron  or  plain  brick  surface  would  da  If  the 
maximum  benefit  is  to  be  derived  from  an  open  fire  in  warming  the  air  of  a 

room,  the  sides  and  back  of  the  fireplace  should  be  of  non-conducting  material, 
with  a  surface  favourable  to  the  rapid  absorption  and  emission  of  heat,  and  of  such 
a  shape  as  to  radiate  the  heat  freely,  and  especially  to  the  lower  parts  of  the  room. 

The  size  of  the  fireplace  shoidd  be  carefully  proportioned  to  the  size  of  the 
room,  and  the  area  of  the  chimney  must  be  proportioned  to  the  size  of  the  fire  and 
to  the  supply  of  air  for  the  room.  In  order  to  enable  it  to  act  with  the  greatest 
degree  of  efficiency  in  producing  a  circulation  of  air  in  a  room,  the  fireplace  should 
be  placed  against  an  inner  wall  of  the  room ;  because  the  greater  d^ree  of  warmth 
prevailing  against  the  inner  wall  will  cause  the  circidation  of  the  air  warmed  by 
the  grate  and  its  surroundings  to  be  more  efficiently  maintained. 

Fig.  212. 
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If  two  fireplaces  be  placed  in  a  room,  they  should,  unless  the  room  be  very 
large,  both  be  on  the  same  side  of  the  room,  and  if  shafts  are  required  for 
ventilating  a  room  in  addition  to  the  open  fireplace,  they  also  should  be  placed  on 
the  same  side  of  the  room  as  the  fireplace,  but  as  far  from  it  as  possible. 

By  carefully  attending  to  this  matter,  the  inconvenience  experienced  from 
draughts  caused  by  open  fires  may  be  much  modified. 

The  most  remarkable  feature  about  the  open  fireplace  is  that,  although,  as  a 
rale,  we  apply  it  in  a  form  little  removed  from  that  in  use  1,000  years  ago,  it  has 

fonned  the  subject  of  much  invention.  Mr.  Edwards's  very  interesting  book  on 
fireplaces  shows  how  much  ingenuity  has  been  exercised  upon  it.  The  outcome, 
however,  appears  to  be  that  if  raw  fuel  is  to  be  used  to  warm  our  rooms,  it  is  most 
convenient  to  apply  it  in  the  simplest  way.  And  a  simple  form  of  fireplace  which 
will  with  comparatively  little  trouble  show  a  bright  flame  so  as  to  afford  radiant 
heat,  and  which  will  at  the  same  time  utilise  some  of  the  heat  which  passes  up  the 
chimney  to  warm  moderately  the  air  which  supplies  that  removed  by  the  chimney, 
and  a  grate  which  will  at  the  same  time  produce  only  a  small  quantity  of  smoke,  is 
the  most  desirable  one  to  adopt,  so  long  as  we  adhere  to  open  fires.  But  if  the 
growth  of  our  cities  is  to  go  on  as  it  has  done  during  the  last  eighty  years,  we 
must,  in  the  interests  of  the  community,  adopts  in  our  towns  at  least,  some  method 
of  warmth  which  will  not  so  completely  destroy  the  purity  of  our  air  in  the  winter 
as  the  open  fire  does. 

Meanwhile,  it  is  interesting  to  consider  the  various  forms  of  grates  which 
modem  inventors  have  devised,  and  we  cannot  do  that  better  than  by  showing  what 
the  Smoke  Abatement  Exhibition  produced  in  1881  as  the  latest  outcome  of  the 
question. 

The  grates  at  the  Smoke  Abatement  Exhibition  may  be  divided  into  the 

following  classes : — 

Chfis  1. — Open  grates,  having  ordinary  bottom  grids  and  upward  draught. 
n    2. — Open  grates,  having  solid  floors,  adapted  for  *'  slow  combustion/'  and  upward  draught. 
11    3. — Open  grates,  under-fed,  suppUed  with  fresh  fuel  beneath  the  incandescent  fuel,  with 

upward  draught. 
„   4. — Open  grates,  to  which  fresh  fuel  is  suppHed  from  the  back,  or  from  the  sides,  or  from 

hoppers. 
n    6. — Open  grates,  having  a  downward,  or  a  backward,  or  a  lateral  draught. 

This  exhibition  contained  a  very  large  variety  of  grates  and  stoves.  A  certain 

niunber  of  these  grates  were  tested  for  temperature,  smoke-shade,  and  consumption 
of  fuel,  by  Mr.  D.  K.  Clark ;  and,  as  already  mentioned,  the  gases  in  the  chimney 
were  subjected  to  analysis  by  Mr.  Chandler  Roberts,  F.B.S.  The  result  of  the  testing 
was  the  selection  by  the  judges  of  a  certain  number  of  these  grates  for  awarda 

The  general  principles  which  governed  the  awards  are  stated  in  the  jurors' 
report  as  follows : — "  In  recommending  the  awards  that  should  be  made,  we  have 
considered  that  one  of  the  chief  essentials  of  a  grate  or  a  stove  should  be  that  no 

noxious  fumes  should  be  given  off  into  the  apartment ;  and  another — ^in  the  case  of 
open  fireplaces — ^that  there  should  be  abundance  of  radiant  heat.  Subject  to  these 
considerations,  we  believe  that  apparatus  to  be  most  worthy  of  recognition  in  which 

the  ratio  of  heating-power  to  the  amount  of  smoke  produced  is  the  greatest.  Other 
considerations  are :  combination  of  heating  with  ventilation  ;  economy  of  fuel  and 
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labour ;  simplicity  of  construction  and  of  working ;  dieapness  and  durability ;  aJa{>- 
tability  to  existing  arrangements ;  appearance ;  and  these  will  doubtless  influence 

purchaBeiB  oonsiderably  in  their  choice.  But  we  are  of  opinion  that — ^in  detenuining 
our  action  as  to  awards  in  this — which  is  a  Smoke  Abatement  Exhibition,  and  not 

an  ordinary  show  of  grates  and  stoves — ^these  latter  considerations  should  have  small 
weight  as  compared  with  the  main  point  of  ratio  of  heating-power  to  smoke 

given  oflf." 
The  experiments  are  of  especial  interest,  as  being  aknost  the  first  experiments 

on  a  large  scale  where  the  various  conditions  of  open  fireplaces  have  been  thoroughly 
examined,  and  we  would  commend  the  report  to  a  careful  study. 

We  have  selected  from  the  report  of  the  Smoke  Abatement  Committee  the  more 
important  tests  made  on  the  successful  stoves,  that  is  to  say,  those  which  received 
awards.     These  are  shown  in  the  following  tables. 

These  statements  show  the  general  characteristics  of  the  grates  which  were 
tested,  viz.,  the  fuel  consumed,  the  heat  given  out,  and  the  relative  degree  of  smoke. 

The  quality  of  smoko-shade  is  indicated  by  numbers  increasing  progressively  from 
OtolO. 
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The  Smoke  Abatement  Ckmuuittee,  in  speaking  of  this  cUbb  of  grate,  which  may 
be  said  to  include  all  ordinary  grates,  and  in  which  the  fuel  is  supplied  at  the  top 

Vig.  313.-aii1toii-|  Qnto.  alioirinK  aim  Uie  Cximntii  o[  Air  in  a  Hoom. 

ind  the  draught  is  upwards,  nay,  "The  grate  devised  by  Captain  Galton,  R.E., 
ibout  twenty-two  years  ago,  for  use  in  bsrrack-rooms,  and  adopted  for  that  purpose 

— Plan- 

Fig.  21*,— Oalton' 

V  the  War  OfBce,  deserves  notice,"     The  jury  of  the  Smoke  Abatement  EWiibitior 
*Jil  to  their  report  that,  "  On  account  of  the  position  occupied  by  Captain  Galton, 
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For  fiivplaces  in  the  centra  of  a  hall  or  ward,  the  one  adopted  in  the  Herbert 
Hospital  is  a  convenient  form.  The  chimney  passes  under  the  floor,  and  is  placed 
in  the  centre  of  the  flue,  which  brings  in  the  fresh  air  which  is  to  be  warmed  bj 

means  of  the  fireplace ;  by  this  means  more  than  36  superficial  feet  of  heating- 
surface  have  been  obtained  for  warming  the  air  in  addition  to  the  heating-surface 
aflbrde<l  by  the  air-flues  in  the  fireplace ;  moreover,  by  this  means  the  cold  air  first 
comes  in  contact  with  the  less-heated  part  of  the  flue.  The  advantage  of  this 
arrangement  is  that  the  rate  at  which  heat  is  communicated  to  the  air  by  any 
heated  surface  depends  upon  the  excess  of  the  temperature  of  that  surface  above 

the  adjacent  air ;  and  the  tempei-ature  of  the  smoke-flue  diminishes  in  proportion 
to  its  distance  from  the  fire ;  therefore,  by  bringing  the  cool  air  firat  in  contact  with 

the  coolest  part  of  the  smoke- flue,  the  latter  conveys  a  larger  proportion  of  its  heat 
to  the  air  than  it  would  do  if  the  air  was  warmed  before  it  came  in  contact  mth 

the  cooler  part  of  the  flue. 

The  fire  stands  in  an  iron  cradle  fitted  to  the  fire-clay  back  and  sides,  and 
a  current  of  air  is  brought  through  the  fire-clay  at  the  back,  where  it  becomes 
heated,  on  to  the  top  of  the  fire  to  assist  the  combustion,  and  thus  prevent  smoke. 
The  top  of  the  stove  is  coved  inside,  to  lead  the  smoke  easily  into  the  chimney. 
The  main  body  of  the  stove  is  a  mass  of  fire-clay,  with  flues  cast  in  it,  up 
which  the  fresh  air  passes  from  the  horizontal  air-flue  already  mentioned,  in  which 
the  chimney-flue  is  laid.  Thus,  all  parts  of  the  stove  employed  to  warm  the  fresh 
air  with  which  the  fire  has  direct  contact  are  of  fire-clay. 

This  is  esj^cially  essential  in  hospitals,  where  every  element  of  possible  impurity 
of  air  should  be  avoided  The  sectional  area  of  the  fresh-air-fiue  with  this  arrange- 

ment of  grate  may  be  one  square  inch  for  every  100  feet  of  cubic  contents  of  the 
spaces  to  be  warmed,  for  favourable  situations  ;  but  in  cold  or  exposed  localities 
a  less  area  may  be  allowed. 

The  horizontal  chimney -flue  in  the  Herbert  Hospital  fireplaces  is  formed  of 

two  layei-s  of  sheet-iron,  separated  by  a-  thin  layer  of  fire-clay,  so  as  to  prevent 
over-heating  of  the  surface,  and  it  is  about  110  square  inches  in  area. 

The  horizontal  chimney-flue  terminates  in  a  vei'tical  flue  in  the  side  wall,  which 
should  be  rather  larger  in  area  than  the  ̂ horizontal  flue.  This  vertical  flue  is 
carried  in  the  upper  floors  to  a  height  of  double  the  length  of  the  horizontal 
flue,  and  is  carried  down  to  the  basement,  whence  it  can  be  swept.  The  points 
of  connection  between  the  horizontal  chimney  with  the  descending  flue  from 
the  fireplace,  and  with  the  ascending  flue  in  the  wall,  are  very  carefully  rounded,  as 

this  is  essential  to  assist  the  passage  of  the  smoke.  The  horizontal  flue  is- swept 
from  an  opening,  to  which  access  is  obtained  by  taking  up  a  movable  board 
in  the  floor,  and  by  pushing  a  brush  along  the  flue,  and  thus  forcing  the  soot 
into  the  vertical  flue,  whence  it  falls  down  and  is  removed  at  the  opening 
in  the  basement. 

There  is  placed  a  spare  flue  by  the  side  of  the  vertical  flue,  terminating 
in  a  fireplace  in  the  basement,  which  enables  the  vertical  flue  to  be  warmed, 
so  as  either  to  make  it  draw  when  the  tire  is  first  lighted,  or  to  enable  a  current 
to  be  maintained  for  ventilating  purposes  through  the  fireplace  when  the  fire 
is  not  lighted.  The  portion  of  floor  over  the  horizontal  flue  should  be  so  constructed 

as  to  be  taken  up  in  order  to  enable  the  air-flue  to  be  easily  and  thoroughly  cleaned 

k 
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periodically.     Fig.  219  shows  a  fireplace  on  a  BOtnewhat  similar  fana,  made  by 
MesGrs.  Hosser  and  RusseU. 

Perret's  grate,  for  anthracite,  develops  great  heating-power  and  radiation,  the 
teste  showing  that  the  combustion  of  fuel  was  fairly  perfect     The  grate  is,  as  far 

as  we  know,  a  complete  novelty.  Tlie  recess  of  the  fireplace  is  lined  with  fire-brick 
It  the  sides,  back,  and  top,  a  narrow  slit  of  2J  inches  wide  being  left  at  the  front 
pJge  of  the  top  for  the  escape  of  the  products  of  combustion.  The  fire  is  made  in 

an  open  iron  basket-gi-ate,  set  against  the  back  of  the  recess,  and  supported  on  iron 
Itga.  The  whole  of  the  interior  of  the  recess  becomej  very  much  heated,  and  there 
is  a  powerful  radiation  from  it.  A  potwiblo  objection  to  this  gnite  wonld  seem  to 
be  that,  under  adverse  drcumstances,  the  products  of  combustion — apparently  so 
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particularly  irhtatiiig  in  the  case  of  anthracite — might  be  diffused  into  the  aputr 
ment 

The  next  class,  very  open  grates  with  solid  floors,  is  one  which  has  obtained  a 
large  development  in  recent  years. 

Before  proceeding  to  consider  it,  it  may  be  mentioned  that  Mr.  T.  PridginTeale, 
of  Leeds,  has  suggested  an  arrangement  which  retains  the  open  grid ;  and,  whilst 
checking  the  bottom  draught,  keeps  up  the  combustion  and  retains  heat  better 

than  a  closed  bottom  to  the  grate.     It  is  on  the  principle  of  the  closed  ash-pans. 
In  advocating  tlie  arrangement,  Mr.  Teale  remarks  that  the  principle  of  slow  com- 

bustion of  coal  in  house  fires  depends  upon  two  conditions  in  combination.    One  of 
these  conditions  is  that  no  current  of  air  should  pass  through  the  grate  beneath  the 
fire  ;  the  other  was  that  the  space  or  chamber  under  the  fire  should  be  kept  hot  by 
being  shut  off  from  the  outer  air.     Others  had  made  this  discovery  before  him,  and 
had  embodied  it  in  the  construction  of  slow-combustion  stoves ;  but,  as  far  as  he 

knew,  nobody  had  taught  the  public  bow  this  principle  might,  at  the  cost  of  a  few 
shillings,  be  beneficiaUy  applied  to  eveiy  ordinary  house  stove.     Combustion  could 
be  retarded  by  cutting  off  the  current  of  air  which  passed  underneath  the  fire.  This 
retardation  of  combustion  had  been  attained  mainly  by  three  methods — firsts  hj  an 
iron  plate  resting  on  the  grating  and  closing  the  slits  against  ail  passage  of  air. 
This  method  made  a  fire  bum  slowly,  saved  coal,  but  usually  ruined  the  fire.    The 
second  method  employed  had  been  by  the  substitution  of  solid  fire-brick  for  the  open 
chamber  beneath  the  fire.     The  solid  fire-brick  far  surpassed  the  simple  iron  plate, 
as  it  became  heated,  and  made  a  bright  fire ;  but  when  the  fire  burned  low  the 
brick  cooled,  and  the  fire  did  not  quickly  revive  when  mended,  and  towards  the  end 
of  the  day  the  range  became  untidy  from  the  accumulation  of  cinders  and.  ash.    In 
the  third  method^  the  space  or  chamber  under  the  fire,  and  the  open  grating,  were 
retained,  but  the  chamber  was  shut  in  in  front  by  a  shield,  or  door,  by  which  all 
current  of  air  was  cut  off  from  the  bottom  of  the  fire,  whilst  the  chamber  itself  was 

kept  hot     Mr.  Teale's  plan  is  to  place  a  shield  resting  on  the  hearth,  and  rising  as 
high  as  the  bottom  bar  of  the  grate,  which  forms  a  chamber  closed  from  the  air  of 

the  room,  under  the  grate.     He  calls  this  an  "  Economiser,''  because  of  the  saving 
of  fuel  it  effects.     It  is  perfectly  simple,  and  can  be  applied  to  any  ordinary  grat^. 
Mr.  Teale  says  that  in  the  ordinary  grate  the  cinders,  as  they  reach  the  bottom 
of  the  fire,  cool  down  below  their  combustion -point,  choke  the  grate  with  the  ash, 
and  in  time  put  out  the  fire,  unless  the  dead  obstructive  cinders  are  poked  out  and 

the  draught  restored.    Whereas,  by  the  use  of  the  "  Econonuser,"  the  bottom  of  the 
fire  is  kept  hot,  and  the  cinders  remain  at  combustion-point  on  the  iron  grid  until 
reduced  to  a  fine  ash,  which  drops  through  the  bars,  and  thus  the  fire  clears  itsell 
The  advantages  which  Mr.  Teale  claims  for  forming  this  heated  chamber  under  the 

grate,  which  he  calls  an  "  Economiser,*'  are — first,  saving  of  fuel ;  secondly,  more 
uniform  heat;    thirdly,    the   longer  keeping  in  of    the  fire   without  watching; 
fourthly,  the  diminished  soot,  and  fewer  ashes  to  remove ;  fifthly,  the  cheapness  of 

the  arrangement,  as  it  involves  simply  placing  a  sheet-iron  shield  under  an  existing 
fireplace. 

It  is  to  be  regretted  that  this  arrangement  was  not  brought  to  notice  for  trial 
at  the  Smoke  Abatement  Exhibition. 



ORATES  WITH  SOLID  PL00B8. 

CLASS  n. 

Open  GroUt,  Aovmjp  Stltd  Floeri,  adapted  far  Slotc  Caaiiutlitn  and  Vpumrd  DraugKI. 
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The  oldest  form  of  tliese  gmtea  with  solid  floors  is  that  of  Amott,  which  was 

proposed  by  hiu  some  forty  years  ago.  In  this  grate  there  is  a  chamber  which  is 

filled  with  coal ;  the  fire  is  lighted  at  the  top,  and  gradually  burns  downwards  ; 

the  bottom  of  the  chamber  is  made  to  move  up  as  the  top  layer  is  .consumed ;  and 

all  the  gases  which  are  distilled  Irom  the  coal  pass  up,  and,  mixing  with  the  mr  at 

the  top,  create  flame. 

At  the  Smoke  Abatement  Exhibition,  the  nearest  to  it  in  principle  was  that 

Aufwa  by  Edwards  and  Son,  in  which  the  bottom  of  the  grat«  is  fixed,  but  the  fuel 

bnnis  downwards,  and  a  counterbalanced  shutter  in  front  of  the  bars  determines 

the  level  at  which  air  is  admitted  to  the  fire,  and  consequently,  that  of  active 

oDmbnstioD.  ^e  results  of  the  testing  were,  however,  disappointing,  as  they 

■hoved  that  the  fuel  was  not  burnt  to  advantage,  and  a  considerable  amount  of  smoke 

'u  produced.     The  fault  of  the  Amott  grate  would  appear  to  be  that  it  does  not 
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bring  air  to  the  back  of  the  fire,  so  as  to  be  in  a  position  to  mix  with  the  gaaef  at 
the  back  as  they  leave  the  solid  fad,  and  create  flame ;  consequently,  the  Amott 

fire  is  almost  always  a  dull  fiia  Messrs.  Barnard  and  Bishi^'s  Glow  fire  was 
intended  to  remedy  thisL  It  brings  up  a  current  of  air  from  the  ash-pit  througli  a 

slit  in  the  fireclay,  under  a  curved  surface,  or  "baffle,"  arranged  to  throw  the  air 
on  to  the  top  of  the  fiia  It  would  be  of  advantage  if  this  air  could  be  more  highlf 

heated  on  its  arrival  on  the  top  of  the  fire,  but  this  could  only  be  done  provided  tiie 
principle  of  the  solid  bottom  were  somewhat  departed  from,  and  air  allowed  to  pass 

to  the  coals  at  the  back,  so  as  to  produce  combustion  at  the  face  of  the  fire-brick 
back.  Although  not  thoroughly  satisfactory  as  a  smoke-consumer,  the  grate 

was  decidedly  elficient,  in  that  it  caused  a  rise  of  temperature  in  the  test-room  of 
four  degrees  Fahrenheit  per  pound  of  fueL 

The  next  class  is  one  which  offers  many  advantages  as  a  means  of  preventing 
smoke,  because  the  gases  from  the  fresh  coal  are  compelled  to  pass  through  the 
incandescent  coal,  and,  provided  these  gases  are  supplied  with  a  sufficiency  of  air  at 
a  high  temperature,  the  smoke  would  be  prevented 

CLASS  III. 

Open  Oraie$,  under-fed  :  Supplied  with  Freeh  Fuel  beneath  the  Ineandeeeemt  Fuel,  with 
Upward  Draught. 

BZBlBITOa. 
DBSCaiPTIOV. 

I 

B.  R.  Hoi 
Unda. 

Brown  & 
Qreen. 

Brruxmous  Coal. 
Undeleted  Grmte.  A  moTable  grid,  to  nuUf i^ 

the  boniinf  fuel,  and  make  room  tor  fre«h 
fuel  beneatn  it ;  after  the  freah  fuel  la  laid 
in.  the  moTable  grid  la  withdrawn,  and  the 
^fuel  aettlea  down  on  the  pennaaent  grid. 

''Smoke-conanmingReglater  Stove."  PueO 
ia  placed  oo  a  shelf  or  sloping  mouth  at  the 
front  of  the  fn^te.  level  with  the  bottom,  and 
ia preaaed  Into  and  below  the  Ore  br  raeana  of 
a  aat-fronted  utenill.  The  back  of  the  grata 
Is  Inclined  forward  at  the  bottom,  ao  aa  to 
narrow  the  area  of  the  grid,  and  caoae  the 
fuel  to  alide  forward  aa  tt  bums  away.  The 
back  ia  slotted,  to  admit  air  to  the  Are.  Be- 

hind tho  back  there  is  an  upright  wall  of  flre- 
.tlle,  by  which  the  air  at  the  back  la  warmed.. 
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Although  the  system  of  under-feeding  appears  to  be  generallj  effective  in 

reducing  the  amount  of  smoke,  it  will  be  perceived  that  the  character  of  the  Bmoke> 
shade  does  not  show  such  good  results  as  might  have  been  expected.  The  live 
coals  are  at  the  top,  and  therefore  there  is  powerful  radiation  from  tiiem,  which  ia 
not  much  reduced,  as  is  the  case  in  top-fed  grates  when  fresh  coal  is  put  on. 



Of  ̂ e  avnngementa  for  direct  nnder-Ceeding,  that  of  Brown  and  Green  appeared 
to  be  the  beat,  from  a  practical  point  of  view.  Freeh  fuel  ix  supplied  by  being 
placed  on  the  carved  ledge  which  projects  from  the  bottom  of  the  grate,  and  it  is 

rig.  UO.— BroifB  ud  Qrtua'n  ̂ uk^Pmwtbin  OnU. 

then  forced  under  the  incandescent  coal  in  the  grate  by  means  of  a  specially- 
constmctod  shovel ;  this  grate  alim  gave  the  best  resulta  of  any  of  the  grates  which 
were  (eeted  at  the  Exhibition  for  bituminous  coal.  We  annex  drawings  of  this 
grate.  Fig.  220. 

ntere  were  oUier  forms  of  underfeeding  the  fire  exhibited.  Amongst  these  may 
be  mentioned  Uiper  shovels  for  supplying  fresh  fuel  under  the  fire. 

In  connection  with  this  mode  of  feeding  may  be  mentioned  Kanlbach's 
"Phffibns"  Beveraible  grate.  The  basket  ia  cubical,  made  of  ornamental  grating 
ftdmittiug  air  to  the  fuel  at  every  Ride.  The  basket  ia  suspended  on  two  tmoniona, 
which  are  supported  by  carriages  that  travel  on  raila  Thus,  the  fire  can  be  brought 

forward,  or  pushed  back,  and  the  temperature  of  the  apartment  regulated  accord- 
in^y.  A  simple  mechanical  arraogement,  concealed  in  one  of  the  carriages,  and 
couisting  merely  of  a  pinion  and  screw,  enables  the  basket  to  be  instantly  reversed 
after  re-feeding.  The  fire  is  lighted  from  the  top  and  bums  downwards,  consuming 
its  own  smoke.  The  grate  was  submitted  to  a  partial  test,  for  smoke-shade;  during 
tlie  first  hour  there  was  no  visible  smoke,  aft«rwards  the  smoke-shade  varied  from 

Na  1  to  No.  2  ;  and  the  average  smoke-shade  for  the  whole  time  of  test,  vi&,  three 
hours,  was  1-13. 

Somewhat  similar  in  principle  were  the  hopijer  grates,  included  in  the 
fullowiug  class.  The  best  results  were  given  by  those  of  Hoole  and  of 
Stanley. 
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Hoole'a  grate  was  decidedly  the  most  efficient  in  radiating-power  of  lUl 
the  gr&tes  in  ite  claaa — owing  to  the  excellent  conical  reflector,  by  which 
the    heat    radiated    obliqnelj   from   the    fire    was    efectivelj   reflected   into  the 

Amongst  the  other  grates  of  this  class  may  be  mentioned  that  of  Messrs 

Musgrave  and  Ca,  termed  the  "  Ulster  Smokeless  Stove  Orate."  The  sides  und 
floor  are  of  flre-brick.  A  hopper  is  constructed  at  tJie  back  of  the  fire,  to  hdd  a 
supply  of  coals,  which  descends  aa  it  is  bnmed  away,  and  passes  into  the  fiiepUiv 
at  the  back,  through  a  large  opening  at  the  lower  part  of  the  hopper.  The  fuel  is 
loosened  as  required,  and  pushed  into  the  fire  by  means  of  a  lever.  Fresh  tir  is 
admitted  at  the  back  of  the  grate,  and  is  delivered  warm  into  the  room.  A 
perforated  rolling  curtain,  made  to  slide  up  and  down,  act«  as  a  blower,  whilst 
permitting  the  fire  to  be  seen  through  it. 

We  may  also  notice  Archibald  Smith  and  Stevens'  grate,  termed  ̂ e  Russell 
"  Wonderful  Orate,"  in  which  fresh  coal  is  supplied  from  a  hopper  above  the  grate, 
at  the  front,  passing  backwards  and  downwards,  and  delivering  the  coal  at  the  back 
of  tlie  grate.  The  grate  stands  forward,  so  as  to  present  two  open  aides  as  well  as 
the  front,  for  radiation. 

The  next  class  is  baaed  on  a  principle  the  revei'se  of  that  of  the  underfed  grates 
This  principle  is  to  draw  down  the  gases  from  the  fresh  fuel  through  the  in- 

candescent fuel  which  lies  below,  and  then  to  pass  the  fiimes  into  the  chimney.  It 
will  be  aoen  that  the  number  of  awards  made  to  this  claaa  exceeded  in  Dumber  thiwe 
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made  to  other  classes;  and  as  smoke-preventing  grates   there  were   some  which 
presented  a  very  high  degree  of  efficiency. 

CLASS  V. 

Op$n  graU$  having  a  downward  or  a  backward  or  a  laUral  draught. 

5axi  of 
exuibitoe. 

C1ark,Ban- 
nett&Co. 

J.T.Rceve. 

T.E. 
Parker. 

Ditia 

X.  Feet- 
bam  &  Co. 

TheCoal- 
brookdale 

Co. 

Yates, 
Haywood 
&Ca 

ClarlcBim- 
nett&Co. 

OUCBIFTIOV, 

BiTUlf  INOUB  Coal  (oonMniMd). 

Insnun'8  "Kiiio>Karaofl  Gnte,**  has  flre- bricK  lining  and  floor.  The  Raaea  paaa  through 
the  back  and  downwards,  and  under  the  floor 
of  the  grate  to  the  front ;  thence  under  a  ̂ 
horisonial  partition  plate,  to  the  hack,  and 
nil  the  rhimncy.  The  draught  may  be  parti- 
ju]y  or  wholly  carried  directly  upwards.         J 

Reeve  and  Henry's  Smoke  Purifier.  Hob-' grate.  The  bnttmn  grid  is  closed  by  a  sheet- iron  plate  applied  below  it.  The  draught  is 
direct,  through  slits  in  the  iMick,  into  a  filter 
bed  or  box  containing  iron  tamlngs,  which, 
becoming  j^-hot  consume  the  smoke.  The 
bnmt  gases  pass  ts  the  chimney.  A  shallow 
chamber  is  oonMructed  below  the  bottom 
plate,  in  whldi  external  air,  admitted  at  the 
nick,  is  warmed.  The  warmed  air  passes  oif 
Juto  the  room  by  Bide  openings. 

'   The  "Venoedor"  downward-draught  flre'^ has  a  sntid  bottom,  on  a  plate  formed  with 

g'll«.  Air  is  admitted  below  the  plate,  paas- g  between  the  gills,  and  is  heated.  It  passes 
to  the  back,  and  meets  incandescent  fuel  at 
the  back  angle  of  the  fireplace,  which  is  open 
there.  The  current  passes  into  a  back  ehamoer 
of  fire-brick.  The  stray  gases  passing  to  the 
upper  part  of  the  sr^,  are  drawn  down. 
Tne  currents  sre  united,  and  they  pass  off  to 
.the  chimney. 

The  **  Venoedor  Orate,"   Same  as  above. 

C  "Smoke-consuming  Dog  Orate,"  on  the' Hnrst  principle.   Hollow  gill-cheeks,  with  a 
<  noBsle  at  the  back.  Downward  draught 
tbroagh  the  sides  to  the  under  side  of  the 

Lgrate. 

Anthracttb  and  Cork. 

'  ''Kyrlc  Orate,"  Parker's  patent.  Fire-brick' lining  and  floor.  The  draugnt  is  mostly  down- 
wards through  sa  opening  at  the  lower  bark 

comer  into  the  flue.  There  is  also  a  back- 
ward draught  through  an  opening  in  the  back, 

just  above  the  Are,  which  meets  the  backward 
^draught  ascending  from  the  bottom. 

"  Rcdmayne's  Grate.  Fire-brick  sides,  back,> 
and  floor.  The  draught  passes  horizontally 
through  the  back  and  sides,  which  are  wr- 
foratad.  and  it  descenda  into  a  smoke-box 
below  the  floor;  thence  it  passes  up  through 
pipes  into  the  chimney.  The  jrfpes  and  the 
back  are  enclosed  In  a  chamber,  into  which 
fresh  air  is  admitted.    The  air  is  heated,  and 

^It  passes  Into  the  room  at  the  upper  part.      -^ 

C  Ingram's  *' Kalo-Kamios  Orate"  has  flre-^ brick  lining  and  fioor.  The  gases  pass  through 
tke  back  sad  downwards,  and  under  the  floor 
of  the  grate  to  the  front;  thence  under  a 
iMriaontal  partition  itete,  to  the  back,  and 
up  the  ehlnuiay.  Tbe  draught  may  be  parti- 

ally or  wlkolly  carried  directly  upwarda 
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Parker's  "Venoedor"  grate  has  an  open  front,  and  it  stands  dear  of  the 
chimney-opening,  thus  giving  off  heat  to  the  room  from  the  hack,  top,  and  sides, 
as  well  as  the  front. 

Although  the  results  of  the  testing  of  many  of  the  grates  exhibited  in  this  class 

were  satisfactory,  the  system  appears  to  be  wrong  for  open  fireplaces.  The  upper 
surface  of  the  coal  in  the  grate,  and  the  back  and  cheeks  of  the  fireplace,  are 
necessarily  cooled  by  the  draught,  and  can  radiate  little  or  no  heat  to  the  room, 
and  the  combustion  of  the  gases  takes  place  in  a  position  from  which  no  heat  can 
be  radiated  into  the  room.  The  heat  derived  from  this  portion  of  the  combustion 
must,  therefore,  be  wasted,  unless  it  can  be  utilised  to  warm  air  or  water,  and  so  be 

distributed.  Moreover,  there  were  instances  in  the  exhibition  where  down  or  back- 
draught  had  produced  rapid  destruction  of  the  bars,  ̂ c,  of  the  grate;  and,  as  so 
much  of  the  combihtion  takes  place  out  of  sight,  mischief  may  go  on  unnoticed 

Hie  general  conclusions  derived  from  the  experiments  made  on  open  fireplaces 
are  summed  up  by  Mr.  D.  K.  Clark,  and  classed  under  the  heads  of  Prevention  of 
Smoke,  Temperature,  Radiating  Power,  &c. 

From  this  summary  it  appears  that  Classes  1  and  2 — t.e.,  grates  with  upward 
draught — are  least  effective  on  the  whole  to  prevent  smoke,  and  that  the  grates  witii 
solid  floors  are  less  effective  than  those  with  an  open  grid  for  the  admission  of  air 

below.  Class  4 — i^.,  grates  fed  by  hoppers  from  the  back  or  sides — ^is  the  most 
effective  when  the  fresh  fuel  is  very  gradually  distilled,  and  the  smoke-making  gases 

very  gradually  consumed.  In  Class  3  (under-fed  grates),  and  Class  5  (down  or  back- 
draught  grates),  in  which  the  gases  are  drawn  upwards  or  downwards  through  the 
incandescent  fuel,  although  no  doubt  the  gases  are  at  a  temperature  sufficient  for 

complete  combustion,  yet  the  supply  of  air  appears  to  be  insufficiently  mixed  with 
the  gases  to  complete  the  combustion.  The  following  are  the  classes  arranged  m 
the  order  of  smoke-shade  : — 

Glass  2   3*23  average  smoke-shade. 
»  1    301  „ 

„  8  .         .         .         .         .  2*82  „  „ 
»  6    2-78  „  „ 
»  *    2-66  „  „ 

It  appears  from  this  that  the  most  effective  grates  for  preventing  smoke  are  the 

grates  in  which  the  fuel  is  supplied  fi*om  the  back  or  sides  by  means  of  hoppers ;  and 
that  the  grates  with  an  open  grid  and  upward  draught  are  more  effective,  as  a  class,  for 

preventing  smoke,  than  grates  with  solid  floors,  termed  slow-combustion  grates. 
It  is  probable  that  the  want  of  sufficient  air  at  the  bottom  and  back  of  the  fire 
prevents  the  complete  combustion  of  the  coal  in  this  latter  form  of  grate. 

Next  in  importance  to  the  prevention  of  smoke  is  the  degree  of  elevation  of 
temperature  in  the  room  effected  by  the  combustion  of  fuel  in  grates.  The 

following  comparative  statement  exhibits,  in  the  seventh  column,  the  average  rise 

of  temperature  effected  per  pound  of  Wallsend  coal  consumed  per  hour,  which  is  a 

measure  of  the  comparative  efficiency  of  the  several  classes  of  grates.  The  tempera- 
ture at  the  six-feet  level  is  taken  as  the  standard  rise  of  temperature  in  the  room. 

In  the  sixth  column  is  the  excess  of  the  average  temperature  maintained  during  the 
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test  above  the  initial  temperature  of  the  room — at  the  commencement  of  the  test. 
This  IB  preferable,  as  a  datum,  to  the  external  temperature  given  in  the  third 
column,  for  the  external  temperature  exercises  much  less  influence  in  determining 
the  temperature  that  is  maintained  in  the  room  than  the  initial  temperature  with- 

in the  room,  which  is  a  measure  of  the  heat  lodged  in  the  walls,  floor,  and  ceiling. 

Average 
weight  of  cool 
oonsamed  per 

hour 
(WaUsend). 

2 

Average 
external 

temperature. 

3 

Average 

initiia 
temperatnre 
in  the  room. 

4 

Average  tem- 

peratnre wataaJlj  main* tained  at  a 
height  of  6 feet. 

6 

Average  eanivalent  rise  of 
temperature. 

Cbua. 

• 

1 

Total. 

6 

Per  lb.  of 
coal  per  hour. 

7 

No. 
1 
2 
3 
4 
6 

lb. 
4-32 
3-37 

2-91 
3-72 
4-04 

Deg.  P. 

42-3 
41-9 

37-6 
39-3 
39-2 

Deg.  P. 

47-2 
471 
450 

48-2 
48-3 

Deg.  P. 

68-3 
66-0 
64-7 

68-5 

60-4 

Deg.  P. 11-67 

9-64 

10-39 
10-37 

1210 

Deg.  P. 

2-88 

2-99 

3-81 

305 

3-38 

The  following  shows  the  classes  placed  in  order  of  the  heating  efficiency,  as 

represented  in  column  7  of  the  table,  beginning  with  the  class  of  lowest  efficiency  : — 

Glass  1 
2 
4 
5 
3 

>» 

n 

n 

2-88  degrees  P. 
rise of temperature 

per 

lb.  of  coaL 2-99 

>» 
»» 

305 
»» 

ft 

3-38                „ 

>f 

i* 

8-81 

t) 

»» 

From  this  statement  it  appears  that,  of  the  grates  experimented  on,  those  with 
ordinaiy  fires,  having  bottom  grids  (Class  1)  or  solid  floors  (Class  2),  are  the  least 
effective  for  warming  the  room  relatively  to  the  quantity  of  ooaJ  consumed  per  hour. 
Next  in  order  are  open  fires  feeding  at  the  sides  or  the  back,  or  from  hoppers  (Class 
4).  Then  follow  the  grates  of  Class  5,  having  a  downward  or  a  horizontal  draught ; 

and  lastly,  as  the  most  efficient  of  the  open  grates,  those  which  are  under-fed,  with 
an  upward  through  draught  (Class  3) — one-third  better  than  those  of  Class  1. 

From  these  experiments  it  seems  that  open  grates  (Classes  3  and  5),  constructed 
on  the  principle  of  drawing  the  combustible  gases  through  the  incandescent  fuel, 
are  the  most  efficient ;  and  that,  of  these,  the  best  are  those  (Class  3)  which  supply 
the  fresh  fuel  below  the  fire^  and  cause  the  combustible  gases  to  rise  upwards 
through  it. 

The  under-fed  open  grates  (Class  3)  are  the  only  grates  which  are  capable  of 
oontinuonsly  exposing  a  bright  and  open  surface,  unchecked  by  the  presence  of  fresh 
coal,  as  well  as  of  smoke,  and  unobstructed  by  special  appliances;  these  grates 
therefore  continuously  expose  a  clear  fire,  from  which  heat  should  be  continuously 
radiating,  and  from  this  cause  it  seems  probable  that  the  apparent  excellence  of  the 
grates  of  Class  3  amongst  other  open  grates  is  very  much  attributable  to  this 
distinctive  characteristic. 

A  general  correspondence  may  be  observed  between  the  smoke-shades  and  the 
efficieneies,  as  marked  by  the  rise  of  temperature  in  column  7  of  the  foregoing 
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table  :  the  efficiencies  increasiiig  as  the  smoke-shadeB  are  reduoedL  They  are  here 
placed  in  parallel  coliunns  for  comparison,  the  order  for  smoke-shades  being 
followed. 

ClaM. 
▲THBgv  tmoka-flhada. 

▲▼on^  rise  of 
t«mp«ntare  per  lb.  of 

ooaI  per  bonr. 

2 

3-23 
Dear.  P. 

2-99 

1 301 

2-88 

8 

2-83 
3-81 

4 

2-73 
3-38 

6 

2*66 
3-05 

Here  the  efficiency  increases  generally  as  the  smoke-shade  is  diminished.  Exduding 
Class  5,  their  efficiency  may  be  said  to  vary  nearly  inversely  with  the  smoke-shade, 
that  is  to  say,  inversely  with  the  imperfection  of  combustion  as  expressed  by  smoke- 
shade.  * 

The  total  average  radiations  from  the  several  classes  of  open  grates  varies 
generally  in  correspondence  with  the  total  average  elevation  of  temperature.  So 
also  do  the  radiations  and  temperatures  per  pound  of  coal  consumed  per  hour, 
though  there  were  irregularities  due  to  the  varying  circumstances  of  fireplaces. 

CIam. 

1 

Avenge  weight 
of  ooel  ooneumed 

per  hour (Wallaend). 

a 

▲renge  equivaleiit  rise  of 
temperfttore. ▲rerage  meuure  of  radiitioa. 

ToiaL 

3 

Per  IbL  of  ooal 

per  hour. 4 

Total. 

5 PerlbtofooBl 

per  hour. 

6 

No. 
1 
2 
3 
4 
5 

lb. 4-32 3-37 

2-91 
3-72 

404 

Deg.  P. 11-67 9-64 

10-39 
10-37 
1210 

Deg.  P. 

2-88 
2-99 
3-81 

305 3*38 

Deg.  P. 
13-62 
12-92 
10-40 

10-64 13-90 

Deg.  P. 

3*58 

407 3-61 

314 

3-70 

The  relation  between  the  smoke-shades  and  the  obsei'ved  radiations  of  heat  may 
be  gathered  from  the  following  parallel  columns : — 

Class. 

2 
1 
3 
5 
4 

Average  smoke-shade. 
Average  measure 

of  radiation  per  lb.  of 
coal. 

3-23 

Deg.  P. 

4-07 

301 

3-58 

2-82 3-61 
2-73 

3-70 

2-66 

314 

Here  the  radiations  in  genei'al  become  less  as  the  smoke-shadea  become  leBa 
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The  following  table  shows  the  efficiency  of  anthracite  in  raising  the  temperature 
in  comparison  with  the  same  classes  tested  with  Wallsend  coal : — 

Claaa. Rise  per  11).  of 
anthracite  per  hour. 

Rise  per  lb.  of 
Wallaend  per  hour. 

1 
4 
5 

Peg.  F. 

2-97 

2-60 
3-27 Peg.  F. 

2-88 

306 

3-38 

Average    .     .     . 

2-91 

300 

The  average  of  the  three  classes  of  open  grates,  I,  4,  and  5,  is  nearly  the  same 
for  anthracite  and  Wallsend.  But  the  anthracite  has  the  advantage  for  ordinary 
open  grates  in  Class  1.  Moreover,  this  table  appears  to  show,  as  might  be  expected, 
that  anthracite  is  found  under  more  advantageous  conditions  in  grates  to  which 
a  considerable  supply  of  air  is  afforded.  Thus,  the  grates  in  Class  1  which  have  an 
open  grid  below,  and  the  grates  in  Class  5  where  a  supply  of  air  is  drawn  down 
through  the  fuel  from  the  top,  both  show  a  better  result  than  grates  of  Class  4, 
where  the  air  does  not  have  such  consequent  access  to  the  fuel. 

The  following  is  a  comparison  of  the  measures  of  radiating  force  for  anthracite 
and  Wallsend  coal : — 

ClaM. Radiation  per  lb.  of 
anthracite  per  hour. 

Radiation  per  lb.  of 
Wallsend  coiQ  per  hour. 

1 
4 
5 

Peg.  F. 
2-64 

2-71 

4-22 

Peg.  F. 

3-68 

3-14 3-70 

Average    . 

8-19 

8-47 

The  radiating  force  attains  a  maximum  in  Class  5  of  open  grates,  with  down- 
ward or  backward  draught,  for  both  kinds  of  fuel. 

The  difference  of  heat  appears  to  be  as  much  affected  by  ordinary  circulation  of 

air  in  the  room  as  by  the  employment  of  special  means  of  inducing  circulation  and 
ventilation.  But  there  were  marked  differences  in  the  variations  of  temperature 
in  the  room  at  various  levels  between  the  air-heating  and  the  non-air-heating  grates 
and  stoves. 

It  appeared  that  the  uppermost  part  of  the  room  heated  with  open  grates  was  much 

warmer — ^by  as  much  as  9**  in  most  instances — ^than  the  lowermost  parts.  It  also 
(appeared  that  the  employment  of  means  of  introducing  warmed  air  into  the  apart- 

ment, and  of  ventilating  it,  was  not  necessarily  influential  in  reducing  inequalities  of 
temperature  at  different  levels.  In  some  cases  it  appeared,  on  the  contrary,  to 
augment  the  actual  difference  that  arises  when  no  special  ventilating  and  warming 
contriTances  are  provided.     This  seems  to  depend  on  the  volume  of  fresh  wanned 
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air,  on  the  temperature  at  which  it  comes  in,  and  <m  the  place  where  introduoei 
The  results  of  the  tests  at  the  Exhibition  are  shown  in  the  accompanying  table. 

KoH-AtB-nuzive  Gftim. 

Oaam, TempenloTCa  at  the  foUowing  lereb  above 
the  floor. TBmpeiaiarae  at  the  foUowinr  levda  timt the  floor. 

6iBchee. 6fML 14  feet 6  inchee. •    6  feet. 
14  feet. 

No. 
1 
2 
3 
4 
6 

D«ff.  F. 
641 
620 

49-9 610 

66-2 

Def .  F. 

69-3 
63-6 

64-6 
561 

61-7 

Deg.F. 

63-4 
62-9 
68*3 

681 

66-4 

I>eR.F. 630 

62-7 640 

62-4 

Deg.F. 

66' 1 

661 

69-0 
66-6 

57-5 
57-7 

63-5 
59-4 

Average   .     . 
62-6 

670 

69-6 

630 669 

69-6 

On  the  other  hand,  the  results  of  observations  made  on  the  performance  of  Mr. 

Griffin's  open  grate,  with  warming  and  ventilating  appliances,  in  a  private  room  at 
27,  Cadogan  Square,  showed  a  remarkable  degree  of  uniformity.  The  difference  of 
temperature  at  the  four  sides  of  the  room,  which  was  25  feet  long,  18  feet  wide,  and 

13f  feet  high,  seldom  exceeded  2**  Fahr.  ;  nor  did  the  temperatures  at  the  ceiling 
exceed  by  more  than  2'  those  observed  at  a  level  of  4  J  feet  above  the  floor.  And  it 
may  be  added  that  other  experiments  made  on  the  Galton  ventilating  fireplace  used  in 
barracks,  which  was  not  brought  into  competition  at  the  Smoke  Abatement  Exhibition, 
showed  that  when  this  grate  was  in  full  action,  and  the  windows  and  other  means 
of  ventilation  closed,  thermometers  in  all  parts  of  the  room,  and  near  the  ceiling 
and  floor,  sheltered  from  the  radiation  of  the  fire,  did  not  vary  more  than  V  Fahr. 

The  fact  is  that  these  two  grates  supply  a  large  ̂  olume  of  air  at  a  moderate 
temperature,  delivered  in  a  position  to  enable  it  to  intermix  under  favourable 
circumstances  with  the  currents  of  air  in  the  room  caused  by  the  open  fire ;  and  this 
secures  equalisation  of  temperature  over  the  room. 

These  grates  are  essentially  for  burning  Wallsend  coal,  but  no  doubt  Mr. 

Griffin's  grate  might  be  advantageously  used  for  burning  anthracite.  Mr.  D.  K. 
Clark  made  numerous  experiments  on  various  sorts  of  coaL  He  found  that 
the  steam  coals  evaporated  a  little  more  water  per  hour,  and  more  water  per  round 

of  fuel,  in  the  ratio  of  10*95  lb.  to  10*05  lb.,  or  nine  per  cent,  than  the  anthra- 
cite. In  order  to  supply  the  required  quantity  of  steam,  the  anthracite  were 

burned  off  more  rapidly  than  the  steam  coals,  or  the  excess  of  377 '5°  Fahr.  of 
temperature  of  escaping  gases  over  335-6''  Fahr.  This  is  due  to  the  paucity 
of  flame-borne  heat  from  the  combustion  of  anthracite,  in  contrast  with  the  greater 
volumes  of  bright  flame  emitted  in  the  combustion  of  the  steam  coal& 

He,  moreover,  found  that  the  Northumberland  coal  burned  off  more  quickly, 
and  evaporated  water  more  rapidly,  than  the  Nixon  coal ;  but  that  the  Nixon  was 
the  more  efficient,  as  it  evaporated  more  water  per  round  of  coal  than  the 
Northumberland,  and,  correspondingly,  that  the  temperature  at  which  the  burnt 
gases  of  the  Nixon  coal  passed  away  was  the  lower. 

These  inquiries  are  interesting  in  that  they  bear  upon  the  question  of  what  fael 
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is  most  efficient  in  the  several  forms  of  domestic  grates ;  and  in  connection  with 
this  we  append  the  following  table,  which  gives  the  average  rise  of  temperature 
and  radiation  per  pound  of  fuel  consumed  per  hour,  with  air-heating  appliances, 
and  the  same  particulars  without  them,  for  each  class  of  grates.  The  smoke- 
shades  are  added. 

GluB  And  Condition. 

AYorage  riae  of  temperature 
per  lb.  per  hoar. 

1 

Average  radiation  per  lb. 

per  hoar. 
Arerage      • 

smoke-shade 
for  Wallsend 

ooal. 

6 

• 

1 

WaUsend. 

2 

Anthracite. 

3 

Wallsend. 

4 

Anthracite. 

6 

Class  1.  Air-heating    . 
,,       Noii-«ir-heatiiig     . 

Deg.  P. 
3-37 

2-46 Dejr.  F. 
3-24 
2-90 Deg.F. 

2-88 
4-21 Deg.F. 

1-69 

4-99 

3-22 2-78 

TotAlH        . 
2-88 

2-97 3-58 
4-31 

301 

Class  2.  Air-heating    . 
„       Non-air-heating 

2-81 

302 — 

3-93 

409 m^ 

4-11 
3*09 

Totals 

2-99 

4-07 3-23 

Class  3.  Non-aiT-heating     . 

3-81 
— 

3-61 
2-82 

Class  4.  Air-heating    . 
»       Non-air-heating 

2-41 3-37 301 
1-98 

2-42 
3-60 

2-44 
2*98 

2-23 
2-88 

Totals 
3-06 

2-60 
3-14 

2-71 
2-66 

Class  5.  Air-heating    . 
„       Non-air-heating     . 

3-45 
3-28 

3-77 
2-89 400 

3-22 
3-61 
4-7a 2*29 

3-21 

Totals      . 
3-38 

3-27 
3-70 4-22 

2-73 

The  total  averages  of  all  classes  show  that  WaUsend  coal  is  used  with  greater 

economj  without  than  with  air-heating  appliances;  and  that,  on  the  contrary, 
anthracite  is  used  with  the  greater  economy  with  air-heating  appliances.  For 
anthracite,  the  relative  economy  of  air-heating  appliances  is  visible  for  every  class  of 
open  grates  in  which  it  is  used  For  Wallsend  coal,  the  several  classes  of  open 
grates  show  results  alternately  in  favour  of  heating  appliances  and  against  them. 
This  is  what  might  be  expected,  because  the  Wallsend  coal  produces  a  bright  flame, 
whereas  anthracite  coal  only  affords  a  red  glow.  The  bright  flame  radiates  into  heat 
rapidly,  and  warms  the  walls  and  furniture  sufiiciently  rapidly  to  enable  their  surfaces 
to  communicate  warmth  to  the  air  of  the  room.  The  anthracite,  on  the  other  hand, 
nuiiates  the  heat  more  slowly,  and  therefore  there  will  probably  be  less  comfort  with 
the  anthracite  than  with  Wallsend  coal. 

It  may  be  concluded  that  the  evidence  is  not  decidedly  for  or  against  the  use  of 

air-heating  appliances,  in  burning  Wallsend  coal,  except  in  the  case  of  the  compara- 
tively wasteful  open  grates  of  Class  1,  with  which  such  appliances  are  clearly  con* 

dadve  to  economy. 
The  radiating-power,  indicated  in  columns  4  and  5  of  the  table,  is,  as  might 

be  expected,  materially  greater  in  the  absence  of  air-heating  appliances  than  when 
^7  are  present : — ^for  anthracite  in  every  class ;  for  Wallsend  coal  in  every  class 

^3u«pt  dasi  5,  open  grates,  having  a  downwai-d  or  a  backward  draught 
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CHAPTER    LIV. 

CLOSE   STOVES. 

Brick  Stoves— The  German  Stove,  and  its  Modifications— Eoonomy,  and  DisadTantaget— Iron  Stov«»— 
Stoves  or  Furnaces  for  Heating  Air — Variooa  Recent  or  Improved  Stovei. 

The  next  method  of  heating  to  which  we  will  refer  is  bj  means  of  stoves.  The 
term  stove  is  applied  to  the  apparatus  which  consumes  the  fuel  in  a  close  receptacle, 
as  distinguished  from  an  open  fire,  and  which  gives  out  the  heat  directly  to  warm 
the  air.  Stoves  may  be  used  to  warm  rooms,  or  else  to  warm  air  to  be  afterwards 
used  in  warming  rooms. 

A  stove  absorbs,  utilises,  and  gives  out  sooner  or  later  all  the  heat  which  the 
fuel  develops,  except  that  part  of  the  heat  which  passes  away  with  the  smoke  and 
products  of  combustion.  The  difference  in  the  value  of  different  stoves  consists  in 
the  proportion  of  heat  which  can  thus  be  utilised  in  the  space  the  stove  is  designed 
to  warm,  which  may  be  termed  its  calorific  result.  A  stove  entirely  enclosed  in 
the  space  it  is  designed  to  warm  will  give  the  best  calorific  residts,  because  the 
whole  heat  given  out  must  pass  directly  into  the  space  to  be  warmed.  But  stoves 
are  also  applied  to  warm  fresh  air  which  is  intended  when  warmed  to  be  passed  into 
some  other  room.  In  this  case  the  air,  after  being  warmed,  will  lose  more  or  less 
of  its  heat  in  passing  along  the  flues  of  transmission.  If  these  flues  are  of  great 

length,  in  a  situation  exposed  to  damp,  and  formed  of  materials  which  are  good  con- 
ductors of  heat,  much  heat  may  be  lost  in  transmission.  It  must,  however,  be  remem- 

bered that  flues  entirely  ̂ ^side  a  house,  even  if  they  absorb  the  heat,  must  give  oat 
the  heat  again  into  the  house  somewhere.  It  is  on  this  account  that  it  is  so  much 
more  advantageous  to  place  chimneys  in  the  inside  walls  of  a  house,  so  that  the  heat 
which  the  brickwork  absorbs  during  the  passage  of  the  smoke  passes  into  the  house 

instead  of  into  the  open  air,  which  is  largely  the  case  with  chimneys  in  outside  walls* 
In  a  close  stove,  heated  to  a  moderate  temperature,  the  heat,  as  it  passes  from 

the  fire,  warms  the  surface  of  the  materials  which  enclose  and  are  in  contact  with 

the  fire  and  with  the  heated  gases,  and  transfers  the  heat  through  the  materials  to 
the  outer  surface  in  contact  with  the  air ;  and  the  air  is  warmed  by  the  agency  of  this 
outer  surface.  If  heated  to  high  temperatures  it  gives  out  radiant  heat  which  passes 
through  the  air  to  warm  the  object  on  which  the  rays  impinge. 

Biick  stoves  and  flues  are  worse  conductors  of  heat  than  iron  stoves  or  flues,  but 

the  surface  of  a  brick  stove,  especially  if  glazed,  parts  with  the  heat  which  readies 

it  somewhat  more  rapidly  than  do  the  surfaces  of  an  iron  flua  But  the  whole  of 

the  heat  generated  does  not  reach  the  outer  surface  with  the  same  rapidity.  The 

slow  conducting-power  of  the  material,  and  the  greater  thickness,  of  a  brick  stove 

prevent  alternations  which  may  take  place  in  the  fire  from  being  felt  so  much  with 
brick  stoves  as  with  iron  stoves  or  flues ;  and  therefore  the  brick  stove  warms  the  air 

more  equably  without  sudden  variations ;  the  air  so  warmed  is  free  from  objection- 
able effects ;  and  where  they  can  conveniently  be  applied,  it  is  advisable  to  use 

brick  stoves  for  warming  air  for  ventilating  purposes. 
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Of  tie  vaiioua  fomiB  of  brick  stoves  the  most  notable  is  the  German  stove. 
This  stove  is  constructed  on  the  plan  of  ecouotuising  the  heat.  This  economy  is 
produced  by  the  internal  arrangement,  which  compels  the  heated  gases  from  the 
tire  to  pass  backwards  and  forwards  through  flues  in  the  stove  before  they  flow 

Fig.  221.— DonHon'a  Qemuji  StoTS. 

awaj  into  the  chimney  ;  and  thus  the  greater  part  of  the  heat  is  retained  in  the 
°^y  of  the  stove.  After  the  fire  has  been  lighted  in  the  stove  and  well  burned  up, 
the  doors  and  dampers  of  the  stove  are  closed  so  as  to  prevent  any  draught  passing 
'bough  the  stove  and  carrying  away  the  heat  up  the  chimney ;  the  fire  is  allowed 
^  go  oat,  and  the  heat  thus  passes  out  through  the  body  of  the  stove  into  the  room. 

The  German  stove  does  not,  however,  act  as  a  ventilating  apparatus,  because  its 
pnnciple  is  that  the  fire  when  once  well  burned  up,  shall  be  shut  up,  and  thus 
obtain  no  air,  or  at  aU  ev^ts  very  little,  from  the  room  in  which  it  is  placed.     In 
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0«muut  rooms,  therefore,  the  purity  ot  the  air  is  frequently  left  to  depend  on  tbr 

•pcHtt&neoua  cluutge  of  air  which  can  take  place  through  crevices  of  windovs  utd 
doore,  or  through  the  walls. 

This  absence  of  ventilation  ia  a  main  cause  of  the  saving  c^  fuel  in  Oermui 

stoves.  This  saving  of  fuel  must,  however,  he  at  the  expense  of  health.  I>r.  Bohm 

(than  whom  no  one  has  better  studied  ventilation)  has  adopted  for  some  ;eui  the 

following  system  in  the  Rudolf  Hospital  at  Vienna.  He  there  wsmu  fiwh  urbj 

means  of   passages  constructed  in  tlie  fireclay  stoves  placed  vitJiin  the  ward,  uxi 

the  fresh  wanned  air  passes  into  the  ward  from  the  top  of  the  stove.  He  proridt* 
flues  of  a  large  size,  and  proportioned  to  the  size  of  the  ward,  from  the  level  of  (Jk 
ward  floor  to  above  the  roof,  and  the  difference  of  temperature  between  the  air  in  <'>' 
ward  and  the  outer  air  causes  a  sufficient  current  in  these  flues  in  cold  weather  toren 

tilate  adequately  the  ward.  By  this  means  the  fresh  warmed  air,  instead  d  pasangn^ 
to  the  upper  part  of  the  ward,  and  thence  away  by  flues,  is  made  to  circulate  towi* 
the  floor  of  the  ward,  thus  bringing  into  action  the  principle  by  which  the  (^ 

fireplace  is  useful  in  ventilation.  But  this  arrangement  destroys  one  element  d 
eoonomy  in  the  Oerman  stove,  because  the  heat  generated,  instead  of  being  l^'" 
pass  slowly  off  into  an  unventilat«d  room,  is  removed  rapidly  by  the  fresh  air  ft^ 
into  the  ward,  and  has,  therefore,  to  be  renewed  at  intervals,  instead  of,  accotJu'li 
to  the  usual  custom,  the  stove  being  left  shut  up  for  twenty-four  hours  to  give  (^ 

its  heat  slowly.  The  larger  the  supply  of  warmed  air,  the  larger  must  be  tlK""'' 
sumption  of  fuel ;  and  if  the  heat  is  to  be  supplied  econconically,  it  must  be  tiirooF 
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a  good  conducting  medium ;  but  the  material  of  the  Qerman  stove  is  a  bad  conductor 
of  heat.  On  this  account  the  German  stove  is  not  universally  applicable,  but  it  is 
of  great  benefit  and  advantage  in  special  cases. 

Messrs.  Doulton  have  recently  made  a  form  of  store,  on  the  principle  of  the 
German  stove,  in  various  sizes,  which  would  advantageously  take  the  place  of  many 

of  the  forms  of  iron  stoves,  and  which  is  very  economical  of  fuel,  but  it  is  not ' 

smoke-preventing.     The  accompanying  Fig.  221  shows  one  of  Doul ton's  Lambeth 
Radiating  Tile  Stoves. 

Messrs.  Doulton  have  also  adapted  their  form  of  German  stove  to  warm  fresh 
air  admitted  from  the  outer  air,  as  shown  in  Fig.  222. 

There  are  numerous  other  forms  of  stoves  which  are  designed  to  warm  fresh  air,  in 

which  the  fire  is  placed  in  a  fire-clay  receptacle,  and  the  air  is  passed  through  flues 
cast  in  the  fire-clay.  These  afford  a  very  convenient  and  equable  means  of  warming 
the  air,  but  they  do  not  possess  the  same  elements  of  economy  as  the  German  stove. 

Iron  is  a  very  useful  material  for  stoves.  Iron  lends  itself  readily  to  convenient 
forms,  and  it  is  a  very  good  conductor  of  heat.  The  consequence  is  that  iron  has 
been  more  largely  used  than  any  other  material  for  stoves.  There  are,  however, 

several  .serious  objections  to  iron  stoves,  especially  for  small  rooms ;  a  long  flue-pipe 
is  unsightly,  and  on  that  account  often  inadmissible.  Iron  stoves  heat  rapidly,  and 

easily  become  red-hot,  therefore  the  effect  produced  is  unequal  both  on  the  air  and 
on  persons  in  the  vicinity  of  the  stova  An  iron  stove  cools  down  with  rapidity 

when  the  tire  is  low.  The  flue-pipe  gives  out  unequal  degrees  of  heat  in  the  different 
parts  of  its  length.  With  an  iron  stove  the  temperature  at  eighteen  inches  from  the 

stove  has  been  found  to  exceed  by  27°  Fahr.  that  observed  at  six  feet  from  it ;  and 
with  a  red-hot  stove  the  difference  in  that  short  distance  has  been  found  to  be  in 
some  cases  as  much  as  45^ 

Carbonic  oxide  has  been  found  in  air  heated  by  iron  stoves.  This  can  only 
occur  provided  the  stove  be  very  highly  heated ;  but  a  high  temperature  is  a  liability 
to  which  many  iron  stoves  are  subject  Iron,  very  highly  heated,  may  take  up  the 
oxygen  from  the  carbonic  acid  prevalent  in  the  air  of  an  unoccupied  room,  and  thus 
reduce  the  carbonic  acid  to  the  condition  of  carbonic  oxide.  Moreover,  the  quantity 
of  dost  in  a  room,  which  almost  always  contains  organic  matter,  may  under  these 
conditions  of  temperature  somewhat  influence  the  presence  of  carbonic  oxide. 

General  Morin  alleges  that  he  found  these  effects  to  be  nearly  three  times  as 

great  with  cast-iron  as  with  wrought-iron  stovea  It  has  also  been  alleged  that  the 
carbonic  oxide  generated  in  the  flue  may  permeate  through  the  cast-iron  of  the  stove 
if  very  highly  heated,  or  if  made  of  inferior  porous  metal,  into  the  surrounding  air. 
Carbonic  oxide  may  also  be  produced  by  the  oxygen  of  the  air  acting  on  the  carbon  in 
the  cast-iron  if  heated  to  a  red  heat.  The  effect  would  be  diminished  by  the  presence 
of  moisture  in  the  air.  Consequently,  the  use  of  vessels  containing  water  on  metal 
stoves  has  been  recommended.  The  use  of  surfaces  of  iron  heated  to  a  red  heat 

for  wanning  air  for  ventilating  purposes  is  objectionabla  Hence,  whenever  iron 
stoves  or  cockles  are  used  for  heating  air,  care  should  be  taken  to  prevent  the  iron 
from  attaining  a  high  temperature,  and  with  this  object  all  iron  stoves  should  have 
a  lining  of  fire-brick,  so  as  to  prevent  the  fire  from  coming  in  direct  contact  with 
the  iron ;  such  an  arrangement  prevents  these  inconveniences,  and  preserves  greater 
regularity  in  the  heating  of  the  air. 
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Almost  the  whole  heat  which  any  fuel  in  capable  of  developing  may  be  utilised  m 

a  stove  by  using  a  long  flue-pipe,  horizontal  for  the  greater  part  of  its  length,  to 
convey  the  products  of  combustion  to  the  outer  air.  The  heat  given  out  by  a  stove- 

pipe varies  with  the  temperature  from  end  to  end,  being  of  course  greatest  at  the 
end  next  the  stove,  where  the  loss  of  heat  is  very  rapid ;  and  the  amount  of  heat 

given  out  per  square  foot  will  vary  at  each  point  as  the  distance  from  the  stove 
increases ;  and  thus,  in  dividing  the  pipe  into  lengths,  each  giving  out  an  equnl 
amount  of  heat,  the  length  of  the  portion  of  pipe  at  the  end  farther  from  the  store 
would  be  considerable,  whilst  the  length  required  to  give  out  an  equal  amoont  of 
heat  near  the  stove  would  be  very  short  But  not  only  does  the  amount  of  heat 

given  out  vary  greatly  from  end  to  end  of  the  flue-pipe,  but  the  proportions  into 
which  the  heat  divides  itself  between  the  walls  and  the  air  vary  greatly  with  the 
temperature. 

Thus,  with  a  stove-pipe  heated  at  the  end  nearest  the  stove  to  a  dull  red  heat 

of  1230^  Fahr.,  and  of  sufficient  length  to  allow  the  heat  to  be  diminished  to  150^ 
at  the  farther  end,  it  would  be  foimd  that  at  the  stove  end  of  the  flue-pipe  92  per 
cent,  of  the  total  heat  emitted  by  the  pipe  is  given  out  by  radiation  to  the  walls, 
and  only  8  per  cent  to  the  air;  but  at  the  exit  end,  the  heat  is  nearly  equally 
divided,  the  walls  receiving  55  per  cent  and  the  air  45  per  cent  Taking  the  whole 
length  of  such  a  pipe,  the  walls  would  receive  74  per  cent  and  the  air  26  per  cent 

of  the  heat  emitted.  But  with  a  flue-pipe  heated  to  lower  temperatures,  the  air 
might  receive  half  the  heat  or  even  more. 

At  very  high  temperatures  there  will  be  practically  little  diflerenoe  of  effect 
between  horizontal  and  vertical  flue-pipes,  because  the  heat  given  out  is  principally 
that  due  to  radiation,  which  is  independent  of  the  form  and  position  of  the  radiant 

An  adequate  proportion  of  flue-pipes  to  the  form  and  size  of  the  stove  involves 
a  large  surface  for  the  flue-pipe ;  and  with  a  careful  observance  of  proportion,  as 
much  as  94^  per  cent  of  the  heat  in  the  fuel  has  been  utilised,  only  5^  per  cent 
being  carried  away. 

As  already  observed,  the  inconvenience  which  a  plain  iron  stove  presents  in 
consequence  of  the  injury  to  the  air  which  results  from  overheating,  may  be  partly 
overcome  by  placing  the  fire  in  a  fire-clay  box  or  lining  to  the  stove,  retaining  the 
iron  for  an  outside  covering.  This  class  of  stove  is  more  expensive  than  a  plain 
iron  stove,  but  its  use  has  much  extended  in  late  years.  But  there  is  another 
method  of  correcting  the  evils  of  overheating  of  the  iron  in  a  stove;  viz.,  by 
proportioning  the  surface  which  emits  the  heat  generated  by  the  stove  to  the  size 
of  ike  fire.  This  is  the  principle  which  was  adopted  in  the  old  form  of  cockle 
which  was  formerly  the  usual  apparatus  for  heating  fresh  air  in  ventilation  (which 

has  now  been  generally  superseded  by  hot-water  pipes).  It  is  also  to  some  extent 
the  plan  in  what  are  termed  the  Gumey  stoves.  A  large  surface  for  the  emission 
of  heat  is  provided  in  this  stove  by  means  of  flanges  cast  all  round  the  stove ;  the 

heating-surface  thus  aflbrded  is  intended  to  carry  off  the  heat  from  the  fire  with 
sufficient  rapidity  to  prevent  the  iron  ever  being  unduly  hot  Of  course  this  requires 
the  stoves  to  be  used  judiciously. 

Notwithstanding  that  the  old  cockle  for  heating  air  has  been  superseded,  it  pre- 
sents many  advantages  in  certain  cases,  especially  where  the  air  is  required  to  be 

warmed  rapidly  and  occasionally. 
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The  following;  is  an  account  of  one  of  the  best  forms  of  cockle,  or  "air- warmer." 
Tliis  form  was  invented  by  the  lat«  Mr.  Sylvester,  and  has  been  continued  by 
Slessis.  BoBser  and  Russell. 

The  air-warmer  consists  of  an  external  case  of  cast-iron,  square  on  plan  (Figs. 
22-3  and  324),  the  aides  being  inclined  outwards,  so  as  to  present  the  appearance  of  an 
inverted  fnistrum  of  a  pyramid,  resting  upon  a  square  foundation-plate  of  cast-iron, 
which  is  in  ite  turn  supported  on  a  hollow  caat-iron  trough  (g)  that  forms  the 
ontlet  for  the  smoke. 

Within  the  outer  case  described  is  an  inner  box,  the  sides  of  which  overhang 
somewhat  more  than  the  sides  of  the  outer  case,  meeting  the  upper  edge  of  tlie 

fl 

-^ 

Fig.  isa. Fig.  2U. 

^ 

latter  at  back,  and  approaching  within  about  3  inches  of  the  margin  at  the  sides. 
On  the  fourth  side,  the  outer  case  forms  also  the  boundary  of  the  inner  box,  and  on 
this  side,  which  forms  the  front  of  the  apparatus,  are  the  doors  of  the  furnace  and 

The  upper  portion  of  the  inner  box  contains  the  furnace  (b),  the  sides  of  which 
are  lined  with  fire-brick,  and  below  the  furnace-bars,  in  the  lower  part  of  the  inner 
liox,  is  the  ash-pit  (p),  at  the  back  of  which  are  movable  plates,  which  give  access 
to  die  space  between  the  two  cases  for  the  purpose  of  sweeping. 

The  whole  is  covered  in  by  a  oast-iron  pyramidal  top  (Fig,  225),  which  has 
upon  its  external  surface  laminated  ribs,  cast  on  the  pyramid,  for  the  purpose  of 
obtaining  the  desired  extension  of  surface.  The  exterior  of  the  lower  case  is  also 
ribbed  in  a  similar  manner,  but  the  ridges  have  less  depth,  and  are  sometimes 
uranged  at  an  angle  with  the  plate,  for  the  purpose  of  breaking  the  film  of  air  in 
contact  with  the  metal. 

Besting  on  the  ribs  of  the  pyramidal  top  are  sheet^iron  plates  (d)  which  reach 
from  the  sides  of  the  heating-chamber  to  the  shoulder  of  the  pyramid,  which  is 
tnmcated  at  its  upper  part 

The  object  of  these  plates  is,  lat,  to  confine  the  ascending  currents  of  air  to  the 
chumela  between  the  ribs ;  and,  2nd,  to  conserve  the  heat  radiated  from  tJie  pyramid, 
>uid  Tetnm  it  to  the  air. 

40 
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Doors,  both  to  the  fire  and  aah-pit,  move  on  planed  taattxet,  and  ihnt  *ir-ti^t 
The  ash-pit  door  aor\-i-a  also  m  a  ■upplementaiy  damper,  and  is  c^Mble  of  tlw  nicest 
rogulatioiL 

The  operation  of  (his  apparatus  is  as  follows  ; — 
ITii!  dro  which  occupies  the  ccutre  of  the  inner  box,  being  made  in  a  fire-brick 

lined  chanilier,  is  capable  of  very  vivid  combustion,  with  a  proportionately  powerful 
radiation.  The  rays  of  heat  are  received  by  the  interior  of  the  pyramid.  The  h««t 
tukeii  up  by  the  iiuier  surface  of  the  pyramid  is  transmitted  through  the  metal  to 
the  exterior,  and  by  conduction  to  the  extremities  of  the  riba.     The  sides  of  the 

stove  are  heated  by  the  smoke  which,  passing  over  the  edges  of  the  inner  boi,  I 
descends  in  the  space  between  the  two  boxes  and  goes  out  through  &  hole  in  tbe 
foundation-plate  behind  the  ash-pit,  int«  the  trough-flue,  upon  which  tlie  stove  rests. 
and  thence  into  the  chimney.  The  heat-receiving  surface  of  the  outer  caae  uid 
bottom  flue  is  95  feet ;  and  the  total  exterior  heating-surface  exposed  to  the  cooUct 
of  the  air  is  320  feet.  The  stove  is  set  in  a  chamber  of  brickwork,  to  the  lower  p^ 

of  which  cold  air  ia  admitted  by  openings  below  the  level  of  the  bottom  flue.  Thi' 
cold  air  first  comes  in  contact  with  the  exterior  of  the  bottom  flue,  receiring  its  fim 
portion  of  heat  from  the  eooUet-  of  the  smoke.  This  is  one  of  the  peculiar  siItw 
tages  of  the  descending  arrangement  where  the  flue  is  used  for  warming  fresh  sir. 
which  we  have  already  alluded  to. 

The  air,  having  received  its  first  portion  of  heat  from  the  bottom  flue,  ascends 
around  the  sides  of  the  stove,  the  upward  current  being  partly  deflected  and  Virokm 
by  the  change  in  the  direction  of  the  ribs.  Having  reached  the  upper  mai^n  d 
the  lower  case,  its  farther  movement  in  a  vertical  direction  is  arrested  liy  t^ 
strikfaig-platea,  which  reach  from  the  enclosing  walls  of  the  chamtter  to  the  BhoaWfr  i 

of  the  stove.     The  current,  being  thus  deflected,  is  obliged  to  pass  between  the  ' 
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ieep  ribs  of  the  pyramidal  top,  the  spaces  between  which  form  bo  many  email 
:haniiels  iti  which  the  comparatively  thin  films  of  air  are  brought  into  contact  with 

I  proportionately  lai^  heating-aurface.  In  these  channels  the  air  acquires  a  very 
iiigb  veloci^,  amounting  to  from  six  to  ten  feet  per  second,  which  not  only  assists 
ii  in  extracting  the  heat  from  the  ribs  but  is  eminently  serviceable  in  giving  the 

Fig.  sae.-Oiii  eUiie. 

initial  power  necessary  to  the  subsequent  transmission  of  the  warm  air  through 
eiLi^nsive  ranges  of  horizontal  flues. 

Some  of  the  largest  churches  in  England  ai'e  warmed  by  this  apparatus,  but 
it  vill  be  found  particularly  applicable  for  small  churches  in  rural  districts,  on 
account  of  itB  simplicity  of  construction  and  management 

Fig.  22fi  is  a  Tiew  of  a  Gill  stova  The  name  of  Gill  stove  was  given  by 
Mr,  Sylvester  to  this  stove  from  the  fancied  similarity  in  the  arrangement  of  the 
plates  which  compose  the  stove  to  the  gills  of  a  fish.  The  apparatus  is  of  very 

simple  construction,  consisting  merely  of  a  series  of  cast-iron  plates  bolted  ti^ethei-i 
ihe  inner  edges  of  the  plates  being  exposed  to  the  tire,  and 
tiieir  outer  surfaces  to  the  air.  s 

Fig.  327  is  an  enlarged  section  of  a  portion  of  a  plate  show 
ing  the  way  in  which  they  are  combined  together.  A  sto(  e 
tcay  consist  of  almost  any  number  of  plates.  These  stores 
ire  very  simple  and  easily  repaired,  but  of  course  they  are 
(abject  to  the  disadvantage  that  if  the  fire  is  neglected  the 
tf'Ve  cools  down  rapidly ;  and  it  is  probably  mainly  on  this 
ti^.'iuat  that  hot-water  and  steam  pipes  have  gradually  super *ded  them. 

The  newest  forms  of  stoves  must  be  assumed  to  be  tho* 

•■iJiibited  in  the  winter  of  1881-82  at  the  Smoke  AUteracnt  t\ 
nilntion,  and  we  have  therefore  taken  from  the  Report  of  thi  Smoke  Abatement 
Committee  the  following  tabular  statement  of  some  of  the  piincipal  n,}>ult8  of  the 
'^^  oE  ihe  close  stoves  burning  bituminous  coal  which  n  ere  successful  m  obtain 
^  awards  in  the  ooropetition  at  that  Exhibition. 

r'
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Of  these  stoves,  the  most  remarkable  was  that  exhibited  by  Mr.  C.  B.  Gregory,  of  , 
Beverley,  New  Jersey,  U.S.  In  the  form  shown,  it  was,  perhaps,  rather  more  a 

"fomaoe"  than  a  stove,  applicable  to  domestic  purposes.  It  was  enclosed  in  a 
cubical  casing  of  cast-iron,  lined  with  fire-brick.  The  fresh  fuel  is  charged  into  a 
steeply-inclined  hopper  of  fire-brick,  and  falls  upon  a  horizontal  ^Tate.  Air  is  ad- 

mitted to  the  fuel  at  the  lower  part  of  the  hopper,  and  through  the  grate.  Air  is 
also  admitted  at  the  front ;  it  passes  along  the  sides  in  contact  with,  and  heated  by, 

tlie  hopper,  and  is  discharged  at  the  throat  of  the  furnace  in  two  streams  from  oppo- 
site sides,  meeting  and  mingling  with  the  half-burned  gases  from  the  fira  Complete 

combustion  is  thus  efiected.  When  tested  with  an  hourly  consumption  of  21  lbs.  of 
Wallsend  coal,  no  visible  smoke  was  produced,  a  result  not  attained  by  any  other 

apparatus.  Its  heating-power,  as  will  be  seen  by  a  reference  to  the  tables,  was  very 
great  In  &ct,  as  already  observed,  all  stoves  give  a  much  greater  result  for  the 
fuel  used  than  the  best  of  open  fireplaces ;  but  this  result  is  obtained  at  the  cost  of 
the  other  comparative  disadvantages  already  mentioned,  and  which  will  be  again 
dealt  with  farther  on. 

Mr.  R.  W.  Crosthwaite  exhibited  an  Armstead's  stove  with  Gregory's  improve- 
ment, which  gave  excellent  results ;  as  did  Comforth's  "  Little  Wonder  "  stove,  the 

bottom  bars  of  which  are  hollow,  air  heated  by  passing  through  them  being  admitted 
to  support  combustion,  so  as  to  prevent  the  formation  of  smoke.  In  this  particular 
the  arrangement  appeared  very  efficient. 

Amongst  other  stoves  exhibited  which  may  be  mentioned  was  Jobson's  Slow 
Combustion  Gill-stove.  It  consists  of  a  number  of  open  frame-like  diaphragms 
laid  side  by  side,  and  bolted  together  with  front  and  back  plates,  forming  a 
close  stove  with  twenty  exterior  gills.  It  is  divided  into  two  unequal  parts 
by  a  vertical  partition,  the  larger  of  which  is  the  fireplace,  having  a  grid  at 

the  lower  end  and  an  ash-box.  The  draught  is  passed  directly  upwards  for  lighting 
np,  and  is  next  reversed^  passing  downwards  through  the  grate,  and  upwards 
throu^  the  smaller  compartment  to  the  flue.  The  gases  are  met  by  a  current  of 
air  issuing  from  the  partition,  which  is  hollow,  to  be  consumed. 

And  also  Doulton's  Spiral  Stove  may  be  mentioned,  consisting  of  seveiul 
superposed  rings  forming  chambers.  The  fireplace  is  formed  in  the  lowest 
chamber,  whence  the  gaseous  products  rise  into  and  pass  round  each  ring  in 
succession ;  they  pass  off  from  the  uppermost  ring  to  the  chimney.  The  rings  are 
supported  one  on  the  other  by  perforated  edges,  through  which  air  enters  and 
becomes  heated.  The  heated  air  passes  into  and  flows  up  the  central  cylindrical 
shaft,  whence  it  is  discharged  through  a  perforated  covering.  Air  also  is  admitted 
into  a  compartment  next  the  fireplace,  and  being  there  heated,  joins  the  other 
currents  of  air  and  escapes  at  the  top^ 

Messrs.  Doulton  also  exhibited  a  Top-feeding  Stove,  in  stoneware.  This  is  a 
square  upright  stove,  divided  by  a  vertical  partition,  forming  at  one  side  a  hopper 
for  the  charging  of  coal,  which  gradually  falls  to  replace  the  fuel  consumed.  The 
P^^xa  products  pass  through  an  opening  near  the  base  of  the  partition  into  the 
other  compartment,  where  they  meet  an  additional  supply  of  air ;  and  from  the 
upper  part  of  this  compartment  the  gases  pass  into  the  flue.  It  is  designed  thus  to 
consume  all  the  smoke.  Fresh  air  is  admitted  into  the  lateral  warming-spaces^ 
from  the  upper  parts  of  which  it  escapes  into  the  room^ 
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Among  these  stoves  for  bnmiiig  Bmokeleaa  fuel  there  were  two  which  deserve 

»P«uJ  mention,  viz.,  that  of  Franz  LOoholdt,  and  the  "Crown  Jewel"  stove  of 
Buiy  Hant     In  theae  stovee  a  somewhat  novel   featui-e,    the   "  base-bnming " 
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arrangement,  is  introdaced,  which  appears  to  give  satisfactory  results  in  improving 
the  efficiency  of  the  fael.  The  former  is  also  provided  with  a  good  automatie 
feeding  arrangement,  and  the  supply  of  the  fuel  can  be  so  regulated  that  combustion 

is  maintained  with  a  very  small  expenditure,  and  the  fire  will  bum  for  twenty-four 
hours  or  longer  without  attention. 

Amongst  the  varieties  of  stoves  are  some  which  have  been  introduced  and 
extended  in  late  years,  which  are  unprovided  with  any  means  for  removing  the 
products  of  combustion.  From  time  immemorial  use  has  been  made  in  the  south 

of  Europe,  in  the  winter,  of  ̂ ^brtiseros"  a  metal  dish  or  box  containing  lighted 
charcoal,  employed  to  warm  the  room,  or  else  employed  as  a  foot-warmer.  In  large 
rooms  with  loosely-fitting  doors  and  windows,  such  as  are  found  in  Spain,  Italy, 
and  Portugal,  the  fumes  from  the  charcoal  may  have  been  comparatively  innocuous. 

In  more  modem  houses,  with  small  rooms  and  with  closely-fitting  doors  and 
windows,  such  an  apparatus  for  heating  the  rooms  becomes  a  serious  source  of 
danger,  from  the  fumes  of  carbonic  acid  and  carbonic  oxide  which  they  develop. 
Examples  of  death  from  the  use  of  this  method  of  warming  rooms  are  numerous  on 
the  continent  of  Europe ;  and  charcoal  burnt  in  a  dish  used  to  be  a  favourite 
mode  of  suicide  in  Paris,  untU  the  theory  was  enunciated  that  death  by  charcoal 
fumes  was  very  painful 

Similarly  injurious  are  the  stoves  without  chimneys,  adapted  to  bum  gas^ 
mineral  oil,  paraffin,  or  other  combustible,  of  which  yearly  new  examples  are 
introduced. 

In  cases  where  some  small  portable  apparatus  for  the  temporary  warming  of  a 
room  is  wanted,  it  would  be  easy  to  avail  oneself  of  the  method  adopted  by  the 

London  and  North-Westem  and  some  other  railway  companies  for  their  foot- 
warmers.  These  are  filled  with  crystals  of  acetate  of  soda,  which  melts  at  a 

temperature  a  little  over  200"*,  and  in  the  process  of  again  crystallising  it  throws 
out  the  heat,  and  continues  to  do  so  in  the  case  of  the  foot-warmerB  for  twenty 
hours. 
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CHAPTER  LV. 

OHIMKXTS  AND  HEATING-POWER. 

Temperature  and  Volume  of  GfweB  in  Chimneys  — Lom  of  Heat— ObservationB  on  Chimneys. 
1 

The  temperature  in  the  chimneys  tested  hj  Mr.  D.  K.  Clark  at  the  Smoke  Abate- 

ment Exhibition  averaged,  for  the  whole  of  the  open  fireplaces  exhibited^  lO?"*  Fahr. 
The  temperature  in  the  chimneys  submitted  to  special  tests  averaged  222°  Fahr. 
It  was  in  some  cases  as  high  as  350%  and  in  others  as  low  as  110^  It  is  evident 
that  the  efficiency  of  the  chimney,  as  an  engine  of  ventilation,  depends  upon  the 
temperature. 

The  velocity  of  the  draught  in  the  chimney,  in  conjunction  with  the  temperature 

of  the  ascending  air-current^  supplies  a  means  of  measuring  the  quantity  of  gaseous 
products  and  air  in  mixture,  together  with  the  quantity  of  heat  which  passes  up 
the  chimney. 

In  the  experiments  made  for  the  Smoke  Abatement  Exhibition,  the  chimneys 

were  circular,  and  averaged  8 J  inches  in  diameter.  As  already  stated,  the  tem- 
peratures of  the  ascending  currents  from  the  open  grates  (Classes  I  to  5)  were  about 

197''  Fahr.,  and  the  volume  of  gases  passed  up  the  chimney  per  hour  averaged 
7,500  cubic  feet.  The  following  table  shows  the  volume  of  the  draught  in  the 

chimney,  per  lb.  of  coal,  for  the  several  classes  of  grates  : — 

Class. 
* 

Yolune  of  gases  passed 
ap  chimney  per  lb. of  ooaL 

Averacre  rise  of 
tempemtnre  in  the 
room  per  lb.  of  coal. 

1 
2 
3 
4 
6 

Cubic  feat. 

1,904 
2,266 
2,440 
2,134 
1,876 

Deg.  Fahr. 

2-88 

8-18 

3-81 

306 

3-38 

Average. 
2,099 

3-26 

From  this  it  appears  that,  in  round  numbers,  the  open  grates  passed  up  2,100 
cubic  feet  per  pound  of  fuel  consumed. 

The  grates  (Class  3,  underfed)  which  passed  up  the  maximum  quantity  of  gaseous 

mixture  per  pound  of  coal  consumed — 2,440  cubic  feet — ^are  precisely  those  which 

develop  the  maximum  efficiency,  3*81  degrees  rise  of  temperature  per  pound  of  coal, 
notwithstanding  that  the  combustion  is  not  generally  of  the  most  nearly  complete 
character. 

And  it  is  still  more  notable  that  the  open  grates  of  Class  5,  having  a  downward 
or  a  backward  direct  draught,  and  which  afford  the  minimum  quantity  of  mixed 

CTuxent  up  the  chimney — 1,875  cubic  feet  per  pound  of  fuel — rank  next  in  efficiency 
to  those  (Class  3)  which  send  up  the  maximum  current.  They  raise  the  tempera- 

ture 3-38  d^^rees  per  pound  of  fuel  burnt  per  hour. 
Thus  the  two  classes  which  direct  the  draught  through  the  incandeaoent  fuel — 
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Upwards  in  Glass  3,  and  downwards  in  Class  5 — exhibit  the  maximum  efficiency  for 
open  grates  ;  although  the  class  with  the  upward  draught  causes  the  largest,  and 
the  class  with  the  downward  draught  causes  the  smallest,  volume  <^  gases  to  pass 

away  up  the  chimnc^y. 

Mr.  D.  K.  Clark's  experiments  enabled  him  to  form  a  very  fair  idea  of  the 
diKtribution  of  the  heat  generated  by  the  open  fire,  and  the  following  are  the  general 
conclusions  upon  this  subject  at  which  he  arrived  in  his  report 

Supposing  that  the  fuel  is  perfectly  burned,  it  may,  for  the  present  purpose,  be 

assumed  that  1«'>0  cubic  feet  of  air  at  62**  is  consumed  in  burning  one  pound  of  fuel, 
and  that  the  gaseous  products  of  combustion  evolved  occupy  equal  volumes  at  equal 
temperatures.  But  inasmuch  as  an  average  of  2,100  cubic  feet  of  upward  current 
passes  off,  for  each  pound  of  fuel  consumed  in  open  grates,  it  follows  that  the  direct 
chemical  products  of  combustion  are  diluted  to  the  extent  of  14  volumes;  that  is, 
that  tlie  dirpct  chemical  products  are  mixed  with  thirteen  times  their  volume  of 
air. 

This  current  consists,  for  by  &r  the  greater  part^  of  atmospheric  air,  and  there- 

fore its  specific  heat  may  be  taken  as  that  of  air,  namely,  0*238.  Its  specific  gravity 

may  also  l)e  taken  as  equal  to  that  of  air.  1  lb.  of  air  at  62"  Faiir.  has  a  volume  of 
13  cubic  feet,  therefore  the  weight  of  2,100  cubic  feet  passed  off  for  1  lb.  of  coal  is 

(2,100-fl3  =  )  161  lbs.,  and  the  quantity  of  heat  carried  ofi*  per  pound  of  coal  is 
(161  xO*238  =  )  38*3  units  for  1*  rise  of  temj)erature.  The  average  temperature  of 

the  escaping  current  was  197";  and,  deducting  the  external  temperature,  which 
averaged  40*,  the  rise  of  temperature  was  (197-40  =  )  157  degrees.  The  total 
quantity  of  heat  of  combustion  carried  off  was,  on  this  basis  (38*3  units  x  157  =  ). 
6,013  units  for  each  pound  of  coal.  The  heat  of  combustion  of  coal  of  average 

composition,  which  may  for  the  present  be  adopted,  is  equal  to  14,000  units,  and  it 

follows  that  the  wasted  heat  carried  up  the  chimney  is  (6,013  x  100  -r  14,000  = }  43 
per  cent,  of  the  total  heat  of  combustion. 

It  is  here  assumed  that  the  fuel  is  completely  burned.  But  usually,  to  a  great 

extent,  the  combustion  is  incomplete,  and  therefore  the  percentage  proportion  of 
heat  sent  up  the  chiomey  may  be  greater  than  this. 

The  next  point  to  consider  is  how  the  heat  of  combustion  is  distributed. 

Assuming  43  per  cent,  of  the  total  heat  of  combustion  of  coal  from  open 

grates  passes  up  the  chimney,  and  24  per  cent,  from  close  stoves,  the  remaining 

57  per  cent  and  76  per  cent,  respectively  are  dispersed  by  conduction  through  the 

back  and  sides  of  the  grate,  by  air-convection  at  the  heated  surfaces  of  the  grate,  by 
radiation,  and  by  a  remainder  due  to  incompleteness  of  combustion.  Of  these,  the 
heat  that  is  radiated  from  the  open  fire,  or  the  close  stove,  constitutes  the  largest 

proportion.  According  to  the  results  of  M.  Pilot's  experiments,  one-fourth  of  the 
total  heat  combustion  of  wood  was  radiated ;  and  one-half  that  of  charcoal ;  flaming 
fuel  in  the  first  case,  flameless  in  the  second  casa  For  the  case  of  coal,  it  may  be 

accepted  that  the  proportion  of  heat  radiated  from  the  fuel  varies  between  these 
limits. 

To  form,  incidentally,  an  estimate  of  the  proportion  of  heat  absorbed  in  raising 
the  temperature  of  the  air  in  the  room,  let  it  be  assumed  that  all  the  air  which 

goes  up  the  chimney  is  previously  heated  to  the  temperature  of  the  room  : — ^that  is, 

taking  averages,  that  2,100  cubic  feet  at  62",  i>er  pound  of  coal,  for  open  grates,  are 
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raised  from  the  temperature  of  the  external  atmosphere  to  the  average  temperature 
in  the  room.  According  to  the  results  previously  mentioned,  an  elevation  of 

temperature  would  have  taken  place  from  40'  to  57°,  or  17°.  The  heat  required 

to  raise  2,100  cubic  feet  (at  62°),  or  161  lbs.,  of  air,  through  17°  would  be 
(38*3  units  x  17°  = )  661  units.  '^The  quantity  is  4-65  per  cent,  of  the  whole  heat  of 
combustion  of  one  pound  of  coal.  These  would  be  the  percentages  of  the  total  heat 
utilised  in  raising  the  temperature  of  the  air  in  the  room,  even  supposing  the  whole 
of  the  air  that  enters  and  leaves  the  room  to  be  continuously  replaced  by  fresh  air. 

It  is  not,  therefore,  in  simply  warming  the  air  in  the  room  that  the  greatest  con- 
sumption of  heat  takes  place. 

The  enclosing  walls,  floor,  and  roof  of  the  room»  are  the  principal  absorbents  of 

heat.  It  may  be  assumed  that  they  are,  in  tbe  course  of  the  trial,  raised  iu 

temperature  to  nearly,  if  not  equal  to,  the  maximum  observed  temperature  of  the 
air  close  to  them. 

It  may  be  generally  assumed  from  the  experiments,  that — 

With  open  grates  the  heat  carried  o£E  up  the  chimney  was     .... 
radiated  and  conducted  heat,  absorbed  by  walls    . 
lost  by  radiation  and  conduction  ezteraally  and 
by  imperfect  combustion   

» 

» 

n 
43  per  cent. 

42 15 

100 

» i> 

»> 

The  experiments  of  the  Smoke  Abatement  Committee  afford  a  comparison 

between  the  heating-power  of  open  fires  and  close  stoves. 
The  general  conclusions  drawn  from  these  experiments  were  that  stoves  are 

more  effective  than  any  class  of  open  grates,  for  prevention  of  smoke.  In  the 

stoves,  the  supply  of  air  for  combustion  is  strictly  regulated,  and  is  forcibly  mixed 
with  the  hot  gases.  The  following  table  shows  the  most  remarkable  results  of  the 
performance  from  both  methods,  placed  respectively  in  the  order  of  efficiency  : — 

Class. Exhibitor  and  Open  Qrate. 
Wallaend, 

Antliracite 

Biaeof 

Tempera- 
ture 

per  lb.  of 
Fuel 

Badifttion 

per  lb.  of Fuel 
Smoke- Rhade State 

or  Ck>ke. 
per  hour. 

OtolO. 

per  hour. 
No. 

Deg.  F. Deg.  F. 
4 H.  E.  Hoole.    Reflector         

W. 

6-33 6-06 
2-66 

1 T.  Potter  and  Son.     Thermhydric   

W. 

616 

6-35 
3-60 

5 T.  E.  Parker.     Vencedor       
W. 

606 

2-79 2-28 

5 M.  Feetham  and  Co.    Hurst  Grate 
A. 

603 

6-02 

3 W.  a  Melville,    ahovel  Underfeed 

W. 

4-93 3-60 

414 
3 E.  R.  Hollands.     Underfeed             

W. 

4-90 
3-62 2-62 

1 Barnard  and  Oo.    Anthracite  Grate A. 

4-90 

— 

3 E.  H.  Shorland.     Undershovel         
W. 

4-71 
4-68 

300 
5 Steel  and  Garland.     Kensington   

W. 

4*68 

3-60 3-66 

5 
The  Goalbrookdale  Company.    Kyrle 

A. 

4-53 
7-78 

5 T.  Feetham  and  Oo.    Hurst  Grate   

w.  I 

4-22 

412 

4-53 

7-01 

1-41 

2 Barnard  and  Co.     Glow  Fire            w. 
400 

300 

604 

6-44 

2-36 
3-77 

2 J.  B.  Fetter.    Nautilus          
w. 

412 

3-38 
2-81 

2 Doulton  and  Co.    Tile  Grate            
w. 

3-78 2-69 
1-33 

5 J.  T.  Reeve.    Filter  Chamber  Register  Grate w. 

3-16 3-44 
0-91 

3 Brown  and  Green.     Underfeed        w. 

2-85 
3-72 

212 
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Clm. Sxhibtinr  uid  Onte. 

1 

1 
t 

1 

1 
1 

Wallaettd. 

Anthraoite 

Siaeof 

T«mper». tare 

per  lb.  at Fuel 
per  lb.  of 

Fuel 

Smoke- 

■hade 

8tot« 

1 
1 

or  Coke. 

per  boor. ' 

OtolO. 

4 

per  hour. 

No. 
Ciom  StOTea. ' 

Dog.  F. 
Deg.  F. 

F.  IiGnholdt   A. 11-51 

2-44 

.— W.  Btobbs        A. 
11-33 

3-67 

— 

H.  Hunt.    E<'onomy  Portablo 
A. 811 

2-78 

— 

Yates,  Haywood  and  Co.     Miser 
W. 

6-80 
2-41 

4-48 

H.  Hunt.    Crown  Jewel 
A. 

6-6G 
2-00 

J.  Comforth.     Little  Wondor 
W. 

6-00 2-98 
0-69 

H.  J.  Newcome 
W. 

4-80 2-02 

2-00 

R.  W.  Crosthwaite.    Gregory W. 

3-76 1-64 0-46 

Slow  Combvution  Testa  for  Long  Perioda. 

Musgrave  and  Co   •••                                      ••• C. 

4-17 

9*8.5 

KAt 

OhserTPA 
B.  J.  KHvgenberg       •  •  •                                      •  •  • 

W. 

6-09 2-00 

C.  Poitway  and  Sons * • *                                      ••• 

C. 

7-30 

12-91 

1       — 

F.  L^nholdt   
s 

•••                                     ••• 

A. 
13-41 1118 

1 

The  rise  of  temperature  from  stoves  was  about  one-third  better  than  the  avera^ 
of  the  open  fires,  and  one-sixth  better  than  the  best  But  the  radiation  was  smaller 
with  close  stoves  than  with  open  fires. 

The  average  smoke-shade  in  the  dose  stoves,  reckoned  as  before  from  0  to  10, 

was  2*11,  this  being  lower  than  the  best  of  any  class  of  open  fires. 
The  stoves  burning  anthracite  were  more  effective  than  those  burning  bituminous 

coal.  The  following  table  compares  the  close  stoves  with  the  average  of  classes  1, 

4,  and  5,  open  grates  : — 

AXTHBACm. 

Deg.  Fahr. 

Wi.uimi9. '  Deg^.  Fabr. 

Cloae  Btoyea. 
Open  Grates. 

Close  Stores. 

Open  Grates. 

Close  stoves^ 

Rise  of  temperature  per 
lb.  of  fuel 

Radiation     per   lb.     of 
fuel  .... 

6-61 

2-87 

2-91 

3-19 

4-48 

1-79 
3-00 
3-47 

From  this  it  is  clear  that  with  the  close  stoves  the  rise  of  temperature  per  lb.  of 
fuel  was  much  greater  than  the  open  grates,  but  that  the  radiation  was  remarkably 
low. 

It  was  to  be  expected  that  there  would  be  a  greater  radiation  from  open  gratos 
than  from  stoves,  because  the  radiation  from  the  front  of  the  fire  is  unobstructed  in 
the  grates,  whilst  the  radiation  from  the  stoves  is  transmitted  through  the  sides ; 
but  this  radiation  in  the  stoves  was  froiii  all  sides  when  the  stove  stood  clear  of 
the  walls. 
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As  regards  the  variation  of  temperature  at  different  levels,  the  close  stoves  did 
not  equalise  the  temperature  in  the  room  so  well  as  the  open  grates,  as  may  be  seen 

from  the  following  table  : — 

AlB-HEATIire  AHD  VXNTILATIVO 
GBATXS  AXD  STOVKfl. 

170V-AIK-HEATniO  QRATBS  AND 

STOYEd. 

Claoa. Temperatures  a^  the  following  LevelB 
above  the  Floor. 

Deg.  Fahr. 

Temperatnree  at  the  following  Levels 
above  the  Floor. "Deg.  Fahr. 

6  inches. 6  feet. 14  feet. 6  inches. 6  feet. 14  feet. 

Averages  of  open  grates, 
classes  1  to  5    . 

Close  stoves     . 
52-6 

60-9 

67-0 

67-2 
69-6 

62-4 
63-0 

63-0 
66-9 

68*8 

69-6 

71-0 
The  following  is  the  average  rise  of  temperature  per  lb.  of  fuel  and  radiation 

with  stoves  with,  as  compared  to  those  without,  air-heating  appliances  : — 

Average  Rise  of  Temperattire 
per  lb.  of  Fuel  per  Hour. 

Avenure  Radiation  per  lb.  of 
Fuel  per  Hour. 

Average 

Smoke-shade 
for 

Wallsend. Anthracite. Wallsend. AnthZBcite. 
Wallsend 

Coal. 

Air-heating 
Non-air-heating 

Deg.  Fahr. 3-79 
4*23 

Deg.  Fahr. 7-79 4-64 Deg.  Fahr. 

1-78 

1-64 
Deg.  Fahr. 

2-32 
2-39 

Deg.  Fahr. 

1-58 

2-25 

Total      . 
4-14 6-61 

1.66 

2-37 

2.11 

The  air-heating  appliances  do '  not  appear  to  be  economical  with  Wallsend  coal, 
but  with  anthracite  they  appear  to  effect  great  economy.  The  velocity  of  draught 
ill  the  chimney  with  close  stoves  averages  275  feet  per  minute,  and  the  temperature 

in  the  chimney  200'  Fahr. ;  and  whilst,  in  round  numbers,  the  open  grates  passed 
np,  on  the  average,  2,100  cubic  feet  per  pound  of  fuel  consumed,  the  close  stoves 
passed  up  only  1,160  cubic  feet,  or  about  half  the  quantity  from  open  grates,  which 
shows  how  much  more  ventilation  is  obtained  by  open  grates  than  by  close  stoves. 
This  was  with  the  small  chimneys  used  in  the  testing-rooms,  which  had  an  area  of 
somewhere  about  60  square  inches.  The  area  of  a  flue  for  an  open  fire  in  ordinary 
use  is  about  156  square  inches;  whereas  the  area  of  a  stove-flue,  as  used  in  rooms 
and  halls,  rarely  exceeds  that  of  the  flue  in  the  testing-room ;  and  consequently  the 
difference  in  actual  life  in  the  amount  of  ventilation  which  would  be  afforded  by 

&n  open  Are  over  a  close  stove  would  be  much  gi-eater  than  that  shown  by  the  ex- 
l^riments.  ' 

With  close  stoves  the  gaseous  products  in  the  chimney  amount  to  about  12^  per 
c<^i,  and  the  atmospheric  air  to  87^  per  cent.,  or  about  8  times  the  gaseous 

products  -y  and  it  may  be  assumed  that  about  24  per  cent,  of  the  total  heat  generated 
hythe  fuel  is  carried  up  through  the  chimney — assuming  that  the  fuel  is  com- 

pletely burned,  otherwise  the  proportion  must  be  greater. 
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It  further  a]»j)ean»d  from  the  experiments,  that  the  heat  from  the  combustion  ot 
the  fuel  was  distributed  as  follows  : — Heat  carried  up  chimney,  24  per  cent ;  heat 

radiated  and  conducted  by  walls,  54  per  cent.  ;  heat  lost  by  radiation  and  conduc- 
tion externally,  and  heat  lost  by  imperfections  of  combustion,  22  per  cent.  Thus  a 

greater  proportion  of  the  heat  generated  is  conveyed  to  the  room  and  walls  with 
close  stoves  than  with  open  fires. 

These  are  a  few  practical  observations  on  chimneys  which  are  worth  notwg. 

A  chimney  to  which  U^ss  air  is  supplied  than  the  fire  requires,  as  may  happen 
in  a  room  with  tight-fitting  doors  and  windows,  and  without  other  apertures  for  the 
admission  of  air,  often  has  two  currents,  as  in  Fig.  228,  one  upwards  from  the  fire 
and  another  from  the  top  downwards ;  these  two  currents  meeting  just  above  the 

fire,    part  of  the  smoke   is  driven ilito  the  room. 

If  the  chimney  be  divided  by  a 
partition  into  two  flues,  one  of 
which  opens  into  the  room  at  the 
side  of  the  chimney,  and  the  other 
directly  over  the  fire,  a  descending 
current  will  be  established  in  one 

and  an  ascending  current  in  the 
other,  which  cannot  interfere,  and 
the  smoking  will  ceasa 

When  the  chimney-breast  is  too 
high  and  the  chimney  large,  the 

portion  of  air  passing  up  the  chim- 
ney is  drawn  from  a  large  space, 

and  the  current  being  propor- 
tionally feeble,  the  flame  which  is 

usually  drawn  backward  is  left  to 
rise  vertically,  and  may  escape  into  the  room.  The  air  which  enters  the  chimney 

does  not  approach  the  fuel,  and  is  consequently  less  heated,  and  the  current  is 
diminished. 

If  the  chimney  is  brought  down  low,  all  the  air  passes  near  the  fire,  and  the 
velocity  of  the  smoke  is  increased. 

When  two  chimneys  are  in  the  same  room  or  communicate  with  each  other 

through  an  open  door,  one  will  often  overpower  the  other.  To  prevent  this,  a 
sufficient  supply  of  air  must  be  provided  for  each,  without  drawing  upon  the  other. 

If  a  chimney  be  colder  than  the  air  of  the  room  with  which  it  communicates, 

a  current  may  be  established  downwards,  and  we  may  have  not  only  the  smell  of 

soot  but  the  smoke  of  a  neighbouring  flue,  in  the  room.  In  the  "Annales  d*Hygitee' 
it  is  recorded  that  two  individuals  were  found  dead  in  their  beds,  in  'a  room  in 
which  no  charcoal  had  been  burnt,  and  which  had  an  open  chimney  without  any 
fire  in  it.  After  careful  investigation  it  was  ascertained  that  a  slow  charcoal  or 
coke  fire  had  been  kept  in  the  next  room,  from  which  the  fumes  were  cairied  up  in 

a  flue  adjoining  that  of  the  room  where  the  deaths  occurred ;  and,  partly  l>y  its 
overpowering  influence,  and  partly  by  the  coldness  of  the  flue,  the  carbonic  acid 
and  carbonic  oxide  had  descended  into  the  room  in  sufficient  quantity  to  destroy  life. 

Vig.  228. 
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If  a  chimney  be  narrowed  at  its  lower  extremity,  the  velocity  of  smoke  through 
the  opening  will  be  greatly  increased,  but  the  total  amount  of  air  escaping  will  be 
diminished.  If  the  narrow  part  be  at  the  top  of  the  chimney,  the  heated  air  will 

move  more  rapidly  as  it  escapes  into  the  atmosphere,  often  with  a  velocity  which 
prevents  its  being  blown  down  by  the  wind  ;  but  if  the  contraction  is  carried 

beyond  a  certain  limit,  it  is  followed  by  a  diminution  in  the  draught  of  the 

chimney  which  defeats  the  object.  The  chimney -top  should 
never  be  less  in  area  than  one-half  or  one-third  the 

diameter  of  the  chimney. 

Every  alteration  in  the  area  of  a  chimney  to  some 
extent  diminishes  the  total  amount  of  air  escaping,  and 

diminishes  the  power  of  the  chimney  as  an  engine  of 
ventilation;  therefore,  alterations  in  area  should  be 
avoided  as  much  as  possible. 

There  are  other  points  connected  with  the  connection 

of  chimney-flues  which  deserve  notice,  and  which  follow 
from  previous  remarks  which  we  have  made. 

If  two  currents  of  smoke  in  the  two  flues,  a  and  b 

(Fig.  229),  having  difierent  velocities,  enter  another  flue,  c, 

at  right  angles,  the  one  having  the  greater  velocity  will  diminish  that  of  the  less, 

according  to  its  excess.  If  the  velocities  be  precisely  similar,  no  change  of  velocity 

will  take  place  in  either ;  they  will  both  be  directed  upward.  The  best  mode  of 

obviating  the    ill   effcfts  of   such  counter-currents  is  represented  in  Fig.   229,  in 
which  the  dotted  line,  d^  represents  a  division  placed 

perpendicularly  between  the  two  currents,  giving  them 
both  the  same  direction  before  they  join. 

It  has  been  observed  that  when  a  current  of  smoke  from 

a  flue  enters  a  vertical  chimney  horizontally,  it  not  only 

materially  checks  the  current  in  the  latter,  but  if  the 

former  is  very  rapid,  it  may  even  destroy  that  in  the  ver- 
tical chimney  as  effectually  as  a  valve. 

In  such  cases,  the  inconvenience  of  these  opposing  cur- 
rents may  be  obviated  by  placing  a  plate  of  iron  in  the 

upright  flue,  as  at  c  (Fig.  230),  which  shall  give  the  smoke 
in  the  channel,  a,  a  movement  in  the  same  direction  as 
that  in  the  channel  h ;  this  plate  must  be  laid  in  such  a 
manner  as  not  to  form  a  ledge  for  the  accumulation  of  soot 
In  all  cases  of  one  flue  entering  another  flue,  the  flues 

should  be  so  arranged  that  the  smoke  shall  assume  a 

direction  approaching  that  of  the  axis  of  the  chimney 
into  which  they  enter. 

Where  a  flue  is  horizontal  for  a  portion  of  its  length, 
the  connections  with  the  vertical  flue  require  great  care  ; 

they  should  be  carefully  rounded  so  as  to  lead  the  gases 

ill  as  favourable  a  manner  as  possible  into  the  vertical  portion ;  as  a  general  rule 

it  is  prudent  to  make  the  vertical  flue  at  least  twice  as  long  as  the  horizontal 
fltia 

Fig.  230. 
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CHAPTER    LVL 

OAS-HEATING    APPLIANCES. 

Advantimes  of  Gas  as  Fuel — Gas  and  Coke  Fires — ^Asbestos  Fires — Yarioiu  Forms  of  Gas-lteatiiig 
Stoves. 

There  has  been  much  progress  made  of  late  years  in  the  use  of  gas.  This  fuel 
is  clean,  smokeless,  and  with  it  a  fire  can  be  produced  in  full  action  at  the  moment 
at  which  it  is  wanted,  and  it  can  be  put  out  as  soon  as  the  special  purpose  for 
which  it  has  been  wanted  has  been  fulfilled.  It  is  this  advantage  that  makes 
gas  economical  in  cooking,  if  applied  under  the  direction  of  a  careful  housekeeper. 
But  if  the  fire  is  allowed  to  go  on  burning  after  the  immediate  want  is  satis- 

fied, then  the  economy  of  gas  fuel  soon  disappears,  But  on  the  other  hand  the 
cleanliness  and  absence  of  dust  with  gas  fires  is  so  marked,  that  the  use  of  gas 

would  save  an  appreciable  sum  in  servants'  wages.  In  speaking  of  the  question 
of  economy,  the  Jurors  of  the  Smoke  Abatement  Exhibition  observed  that  the 

various  apparatus  which  they  submitted  to  trials  showed  a  wide  range  of  con- 
sumption, some  apparatus  requiring  for  the  same  description  of  work  fully  three 

times  as  much  gas  as  others.  They  said  that  ''The  general  tendency  amongst 
manufacturers  is  evidently  towards  the  study  and  application  of  economical 
principles ;  in  which  some  have  been  already  conspicuously  successful,  while  still 
leaving  room  for  further  improvement.  Tho  fact  that  a  12  lb.  joint  can  be 
cooked  in  London  at  a  cost  of  very  little  more  than  a  penny  for  gaa,  with  a 

prospect  that  this  may  be  farther  reduced,  ought  to  prevail  with  many  a  house- 
holder to  try  gas  cooking,  if  only  as  an  auxiliary  to  his  present  appliances." 

Without  doubt  there  is  a  great  future  before 'gas  as  a  heating  agent.  If  it 
were  possible  to  adopt  it  universally  in  houses,  the  smoke  nuisance  would  almost 
vanish.  Therefore  too  much  publicity  cannot  be  given  to  the  various  uses  to 
which  it  can  be  applied.  For  so  simple  a  purpose  as  ironing,  the  laundress  may  be 
materially  assisted  by  such  an  arrangement  as  was  exhibited  at  the  Smoke  Abate- 

ment Exhibition,  for  keeping  irons  continually  hot  while  in  use  by  means  of  a  gas 
jet.  For  the  rapid  heating  of  water  for  the  supply  of  baths  and  other  domestic 
purposes,  gas  was  shown  to  lend  itself  with  great  facility ;  the  action  of  the  heaters 
consisting  of  the  application  of  the  gas  to  a  stream  of  water  on  its  flow  from  the 
pipe  or  cistern  to  the  point  of  use,  the  temperature  being  raised  in  proportion  to  the 
quantity  of  gas  used  and  the  volume  of  water  delivered. 

Heating-stoves  were  represented  by  almost  every  conceivable  form,  from  the 
suspended  fire-basket  to  the  elaborate  and  scientifically-constructed  ventilating-stove. 
A  ventilating-stove,  when  properly  constructed  and  put  in  action,  may  be  made  to 
secure  a  constant  ingress  of  warmed  fresh  air,  and  thus  a;ny  desired  temperature 

may  be  maintained  in  a  room,  without  sensible  variation  for  almost  any  length  o^ 
time,  and  without  the  trouble  of  attendance  and  regulation.  At  the  same  time  the 

products  of  combustion  are  carefully  got  rid  of — a  point  of  great  importance,  and 
upon  which  it  is  impossible  to  lay  too  much  stress  ;  indeed,  the  gas  stove  is  only 

admissible  when  provided  with  a  means  for  the  escape  of  the  products  of  combus- 
tion ;  especially  as  this  condition  may  in  all  cases  be  satisfactorily  fulfilled  without 
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wasting  much  heat     It  is  also  preferable  that  gas  stoves  should  be  adapted  to 
sup])ly  fresh  warmed  air. 

The  testa  which  were  made  with  the  various  heating-stoves  exhibited  show  that 
any  room  of  moderate  dimensions  may  be  effectually  warmed  by  one  or  other  of 
them  with  a  consumption  of  gas  not  (exceeding  from  10  to  Ifi  feet  per  hour.  The 
following  table  shows  the  beat  results  obtained  at  the  Smoke  Abatement  Exhibition 
by  Mr.  D.  K.  Clark  with  gaa  stoves.  The  tests  were  made  in  the  rooma  already 
mentioned,  the  sizes  of  which  have  l)een  given. 
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Cox's  ventilating  gas  stove  consiata  of  a  vertical  cylinder  covered  with  a  non- 
conducting substance,  heated  by  luminous  jets  of  gas,  burning  at  the  lower  part, 

tjie  fiunes  ascending  into  the  interior  and  escaping  at  the  back  of  tlio  lower  part. 

Fresh  air  fi-om  without  is  iiitroduced  at  the  lower  jiart,  scjjaratcd  from  the  gaseous 
fumes,  and  ascends  and  is  heated  in  vertical  tubes,  from  which  it  is  collected  in  a 
perforated  chamber  at  the  top,  whence  it  is  dischai^ged  into  the  room. 

Dr.  Bond's  Euthermic  ventilating  gas  stove,  Pattcni  B,  consists  of  four  con- 
centric vertical  cylinders,  forming  a  central  cylindrical  chamber,  and  three  annular 

spaces.  Air  from  the  room  is  admitted  into  the  central  chamber  and  tlie  second 
annular  chamber  at  the  lower  end,  and  ascends  to  the  top,  whence  it  escapes  heated 
into  the  room.  A  ring-burner  of  ntmoapheric  gas,  on  a  swinging  bracket,  is  placed 
at  tlie  lower  end  of  the  first  annular  chamber,  the  hot  gaseous  products  ascend 
to  the  top,  then  descend  by  the  outer  annular  chamber  to  the  lower  part,  whence 
they  pass  off  by  the  tine.  The  air  passing  through  the  stove  liecomes  heated  by 
conduction  through  the  intervening  cylinders.  The  outermost  cylinder,  or  tho  casing, 
la  corrugated  in  order  to  augment  the  external  surface  for  radiation  and  conduction, 

Dr,  Bond's  gas  stove.  Pattern  A,  may  l>e  described  as  follows  ; — Within  an  up- 
right corrugated  metal  cylinder  an  inverted  cone  is  fixed,  into  which  fresh  air  is 

admitted  at  the  lower  and  smaller  end.  The  air  ascends  to  the  top,  and  is  thence 
discharged  into  the  room.  Heat  is  supplied  frotu  an  annular  biirrer  of  atmospheric 

gas  at  the  lower  end,  surrounding  the  inverted  cone.  The  hot  pi-oducts  rise  and  fill 
the  casing  surrounding  the  cone.  They  descend  from  the  top  through  a  number  of 
tubes  outside  the  casing,  from  the  lower  end  of  which  they  pasa  away  into  a  fine. 
The  air,  in  ascending  within  tho  inverted  cone,  Iwcomea  heated,  whilst  heat  is  also 
given  off  from  the  casing  by  radiation  and  conduction. 

41 
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Gas  fires  require  no  attendance  and  create  no  dust  in  the  room,  bat  th^  are  not, 
however,  so  economical  in  point  of  consumption  as  stoves  which  bam  coal  or  coke, 
their  effect  depending  mainly  upon  the  amount  of  radiant  heat  which  they  are  capable 

of  producing,  so  that  probably  not  more  than  one-third  of  the  total  heat  produced  bj 
the  combustion  of  the  gas  is  made  available  in  this  form  ;  nevertheless,  a  very  fair 
effect  is  in  some  instances  produced  with  a  consumption  of  not  more  than  18  to  20  feet 
per  hour.  As  a  matter  of  course,  gas  used  in  this  way  cannot  be  so  economical  a^ 
solid  fuel,  with  which  it  compares  favourably  only  when  the  heat  evolved  by  it  can 
be  completely  utilised  ;  and  the  desire  of  the  public  for  a  cheerful,  dean,  and  at  the 
same  time  economical  fire  has  been  sought  to  be  met  by  combining  with  gas  some 
form  of  solid  fueL 

Amongst  the  more  prominent  of  these  is  Dr.  Siemens'  gas  and  coke  fire.  There 
were  .several  exhibited  at  the  Smoke  Abatement  Exhibition.  The  following  is  the 

form  exliibited  by  Messrs.  Waddell  and  Main :  —The  back  of  the  fireplace  is 
covered  by  a  wall-plate  of  copper,  reaching  half  above  the  floor-plate  of  the  fire  and 

half  below.  The  floor-plate,  or  "  dead-plate,"  is  riveted  to  the  wall-plate,  and  stops 
short  about  an  inch  from  the  front  bars.  Into  this  interval  a  half-inch  gas-pipe  is 
laid,  drilled  with  one-sixteenth  of  an  inch  holes,  one  and  a  half  inches  ̂ nrt  at  Ihe 

upper  side,  inclining  inwards  at  an  angle  of  50^  with  the  vertical  A  supply  of 
heated  air  for  combustion  is  provided  by  the  insertion  of  a  kneed  iron  plate,  under 

the  dead-plate  and  near  the  wall-plate,  so  as  to  form  a  kneed  channel,  one  inch  wide, 
through  which  the  air  ascends  at  the  back,  and  then  passes  horizontally  to  the  firont, 
where  it  meets  the  jets  of  gas.  The  air  is  heated  on  its  way  through  the  passage 

thus  provided  for  it,  and  the  heating-surface  is  augmented  by  the  insertion  of  a 
corrugated  Rheet  of  copper  in  the  vertical  part  of  the  passage,  subdividing  it  into 

channels ;  so  much  so  that  the  air,  it  is  said,  can  be  raised  to  upwards  of  600**  F.  of 
temperature.  The  flame  and  hot  products  play  upon  and  are  dispersed  in  the  body 

of  coke  laid  upon  the  dead-plate,  the  coke  is  thus  ignited  and  becomes  incandescent 
After  it  becomes  thoroughly  ignited  the  gas  may  be  turned  offl  The  following  table 

shows  the  results  of  Mr.  D.  K.  Clark's  trials  of  the  two  Siemens'  gas  and  coke  fires 
to  which  prizes  were  awarded. 
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From  the  Jurors'  report  made  on  these  fires  at  the  Smokei  Abatement  Exhibi- 
tion, it  did  not  appear  that  any  distinct  advantage  is  the  result  of  such  a  combination 

beyond  the  fact  that,  by  the  occasional  aid  of  a  gas-flame,  the  combustion  of  coke 
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may  be  sustained  much  more  satisfactorily  and  under  less  favourable  conditions  as 
r^iards  draught  than  would  be  the  case  without  gas. 

Other  forms  of  gas  fires  devised  for  giving  off  radiant  heat  are  made  with  asbestos. 

Of  these  we  may  mention  Hislop's  metallic  gas  fire.  A  fire-clay  hollow  backing,  in 
which  iron  is  mixed  to  give  durability,  is  placed  on  a  solid  floor-plate,  and  is  covered 
with  asbestos  in  pieces.  Gkis  is  admitted  within  the  backing,  and  is  discharged 
through  numerous  small  orifices  into  the  body  of  asbestos,  where  it  bums,  the 

asbestos  being  raised  to  incandescence.  S.  Leoni  and  Co.'s  gas  and  asbestos  fire  is 
adapted  to  an  ordinary  grate.  A  fire-clay  back  is  inserted,  also  a  fire-clay  front  tile, 
behind  the  bars  and  a  little  clear  of  them.  The  space  between  the  two  tiles  is 
filled  with  asbestos,  which  is  heated  by  atmospheric  flames  introduced  from  below. 
A  sheet  of  atmospheric  gas  is  burned  against  the  face  of  the  front  tile,  which  is 
trimmed  with  asbestos,  and  becomes  highly  heated  and  ludiates  heat  into  the 
room. 

S.  Leoni  and  Co.  also  have  an  incandescent  radiator  gas  fire.  A  fire-tile  in  an 
iron  frame  is  hung  on  the  front  bars  of  a  grate,  trimmed  with  asbestos  on  the  face, 
and  heated  by  atmospheric  gas  from  the  lower  edge.  The  results  of  the  trials  of 
this  fire  are  as  follows  : — 
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There  has  recently  been  introduced  a  gas  stove,  called  the  Lux  Calor  stove, 

constmcted  as  follows : — One  or  two  hollow  columns  or  tubes,  on  a  hollow  base, 
support  a  hollow  chamber  at  the  top.  One  or  two  jets  of  gas  bum  near  the  upper 
part^  from  which  the  gaseous  products  are  conducted  into  the  upper  chamber, 
whence  they  pass  down  inside  the  colunms.  The  products  are  cooled,  and  partially 
condensed,  collecting  at  the  bottom,  where  the  remaining  gas  ia  passed  off  behind 

into  the  room ;  as,  in  the  opinion  of  the  inventors,  there  is  no  flue  requii*ed. 
The  following  is  the  test  of  this  stove  by  Mr.  D.  K.  Clark  : — 
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It  ii  cUimed  for  tbia  stove  thai,  it  can  be  tued  in  •  room  to  snpenede  &  coil  of 
hot-wftt«r  p)p«A.  There  is  uo  doubt  th^t  a  proportion  of  tbe  deleterioni  m&tler 
evolved  in  combustiou  is  coudeosed,  jet  u  the  combustioa  takes  place  estirrl; 
in  the  room,  without  any  communication  with  the  outside,  its  use  caunot  \ie 
reconun<>ndi'<l  except  in  places  where  there  is  a  oonsiderablv  change  of  air. 

Gas  Bt«vt«  have  also  lioen  propoeed,  in  which  the  products  of  combustion  are 
passed  throufth  layers  of  lime,  ruitti^  iron,  and  other  materials,  so  as  to  absorb  thrir 
deleterious  oompounda.     I^uch   stoves  may    possibly    be  successfully  adapted  to 

I. 

ll  tha  top  of  th*  tab*,  lB*de  of  Inn  « ifau  to  H 
I,  rc^nlAtitig-TmjTfl  to  Cd1]«  ; 

. .  ̂ins  ths  Hula :  i,  tho  pips  to  cktj  off  tha  fH\^„,~ 

frcm  theDKMI  eODTanlaDt  •onroe  to  mippl  j  the  *ir-bani«^  iir-moo. 
a  (how(  tbe  gu-pipa  brou^t  down  riom  ■  bnokat.  ' 

Ldtiin. 

wanning  rooms  under  special  conditions;  but,  as  a  broad  principle,  it  may  be  said 
that  no  stove  is  safe  which  does  not  provide  for  the  complete  removal  ot  t)ie 
products  of  combustion  from  the  occupied  space  it  is  designed  to  warm. 

In  this  connection  may  be  mentioned  a  method  of  heating  a  supply  of  fresh  air 
for  rooms  by  means  of  gas,  proposed  by  Mr.  Boyle,  and  recently  put  in  operation  in 
the  Council-chamber  at  tiie  OuiidbalL 

It  consists  of  a  coil  of  pips  placed  in  the  top  part  of  a  vertical  tube,  as  aho«n 
in  the  annexed  T^ga.  S31  and  232. 
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The  action  of  this  ventOator  at  the  Guildhall  may  be  described  as  follows  : — ^The 
air  is  extracted  from  the  ceiling  of  the  Council-chamber  by  means  of  some  of 

Mr.  Boyle's  ventilating  cowls ;  whilst  the  fresh  air  to  replace  that  so  extracted 
is  supplied  as  follows  : — On  the  south  side  of  the  chamber  four  vertical  air-tubes  or 
brackets  are  fixed  against  the  wall,  two  2  ft.  by  2^  in.  by  3  ft,  the  other  two  placed 
a  little  higher  up  in  the  wall,  being  1  ft.  6  in.  by  4  in.  by  2  ft.  These  tubes 

communicate  with  holes  cut  through  the  walls,  2ft.  by  Sin.,  finished  with  cast-iron 

gratings.  These  air  inlets  are  all  fitted  with  Messrs.  Boyle's  patent  heaters  for 
warming  the  supply  of  air  to  any  temperature  required  as  it  passes  into  the  build- 

ing ;  the  north  wall  is  similarly  treated  to  the  south,  with  the  exception  of  having 
an  extra  tube  at  the  end  where  the  Lord  Mayor  sits.  At  the  public  end  of  the 
chamber  three  inlet-tubes  are  fixed,  one  at  each  side  and  one  in  the  centre,  also 
fitted  with  the  air-warming  arrangement.  An  abundant  supply  of  air  is  admitted 
through  these  tubes,  and  tests  have  shown  that  the  air  can  be  warmed  in  cold 

weather  to  a  temperature  of  from  60^  to  120",  thus  preventing  cold  draughts. 
This  plan  of  warming  the  air  admitted  into  rooms  is  undoubtedly  simple; 

and  if,  as  it  is  understood,  it  can  be  arranged  that  the  products  of  com- 

bustion be  entirely  cut  ofi*  from  the  possibility  of  passing  into  the  air  entering 
the  room,  it  would  be  a  very  convenient  and  useful  arrangement  under  certain 
circumstances. 

The  experiments  made  by  Mr.  D.  K.  Clark,  for  the  Smoke  Abatement  Com- 
mittee, on  heating  by  gas,  showed  that  the  rise  of  temperature  per  ten  cubic  feet  of 

gas  per  hour  was  2**  Fahrenheit.  Therefore,  taking  the  cost  for  gas  at  3s.  6d.  per 
1,000  cubic  feet,  the  cost  per  ten  cubic  feet  per  hour  would  amount  to  0'42d., 

capable  of  raising  the  average  temperature  2"  Fahrenheit. 
To  compare  the  cost  of  heating  by  gas  with  the  cost  of  heating  by  coal,  the 

average  rise  of  temperature  per,  pound  of  WaUsend  coal  consumed  per  hour  was 

found  to  be  4*14'* ;  say  2**  per  haJf -pound  of  coal  per  hour.  Allowing  20s.  per  ton 
as  the  cost  of  coal,  the  cost  of  half  a  pound  would  be  O'lOTd,  against  0'42d.,  the 
cost  of  gas  doing  equal  duties. 

There  was  a  comparative  test  made  at  the  Smoke  Abatement  Exhibition  by  Mr. 

D.  K.  Clark,  of  a  hot-water  apparatus  for  warming  greenhouses,  exhibited  by 
Messrs.  Hocking,  Franklin,  and  Co.,  in  which  the  eflect  of  using  gas  was  contrasted 
with  the  use  of  coke.  This  apparatus  consisted  of  a  small  stove,  connected  with 
two  circuit  lines  of  cast-iron  pipes,  through  which  the  heated  water  circulated,  leav- 

ing the  stove  at  the  upper  part  and  returning  to  it  at  the  lower  part,  after  having 
twice  made  the  circuit  of  the  room.  The  boiler  is  vertical,  of  the  form  of  a  trun- 

cated cone,  made  with  a  shell  and  a  fire-box,  inclosing  a  1  ̂  inch  water-space  for  the 
circulation  of  water.  It  is  18|  inches  in  diameter  at  the  bottom,  and  13  inches  at 

the  topi  The  grate  is  circular,  1 4  inches  in  diameter.  The  boiler  stands  on  an  ash- 
box.  It  is  fed  from  a  hopper,  consisting  of  a  cylinder  1 5  inches  in  diaroet-er  and  24 
inches  deep,  placed  on  the  top  of  the  boiler,  delivering  into  an  8-inch  tube,  depend- 

ing into  the  boiler  for  two-thirds  of  the  depth,  and  surrounded  by  a  water-jacket. 
The  upper  cylinder  is  only  employed  for  long  periods  of  heating.  The  burnt  gases 

escape  direct  from  the  upper  part  by  a  flue  to  the  chimney.  The  circulating-pipes 
are  3  inches  in  diameter  inside,  and  have  a  total  length  of  160^  feet,  presenting  on 
the  outside  136^  square  feet  of  area  for  warming  by  conduction  and  radiation.    The 
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coils  are  5^  inches  apart  between  their  centre  lines,  and  the  centre  of  the  bwer  ooQ 
is  1 1  inches  above  the  floor. 

For  the  test,  2  lb.  of  wood  and  114  lb.  of  gas  coke  were  consumed  in  45}  boon, 
the  consumption  of  coke  being  at  the  rate  of  2}  lb.  per  hour. 

The  same  system  of  warming-pipes  was  heated  by  gas,  which  was  bomed  in  a 
cylindrical  vertical  boiler,  in  which  the  burnt  gases  rise  through  a  central  cyUnder, 

wut4T-jacketed,  and  through  annular  spaces  surrounding  it,  into  the  upper  part» 
wlieiio)  Uiey  escape  into  the  flue.  The  test  lasted  6  hours  40  minutes^  with  a  oon- 
sumption  of  330  cubic  feet  of  gas,  being  at  the  rate  of  about  50  cubic  feet  per  hour. 

of 
Uocking  Apparatus,  with  hot- water  pipes,  per  lb.  of  fuel       .                          .2-90 

M                 „                 „                 per  10  cubic  feet  of  gas        .        .     3*0 
Other  Gaaheating  Stores,  per  10  cubic  feet  of  gas   2*0 
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CHAPTER  LVIT. 

HEATIKO   BY  HOT  WATER  AND   STEAM — GENERAL   OBSERVATIONS   ON   THE 

RETENTION   OF   HEAT   IN   HOUSES. 

Hot-water  pipes  and  steam-pipes  are  very  convenient  for  wanning  air ;  hot- 
water  pipes  are  free  from  many  of  the  objections  arising  from  the  direct  application 
of  heat  to  iron,  because  the  heat  can  be  regulated  with  exactness.  The  higher  the 
temperature  of  the  pipes,  the  greater  is  the  effect  in  warming  air. 

Water  boils  at  212®  Fahrenheit  under  the  atmospheric  pressure  of  14*7  lb.  per 
square  inch,  or  30  inches  of  mercury,  i.e,j  at  about  the  sea-level.  Under  one-half 

tliat  pressure,  viz.,  7 '3  lb.  per  square  inch,  or  15  inches  of  mercury,  it  boils 
at  180®;  under  a  pressure  of  44  lb.  per  square  inch  it  boils  at  29  P ;  and  under  a 
pressure  of  132  lb.  per  square  inch  it  boHs  at  357®  Fahrenheit.  Thus,  a  high 
temperature  may  be  obtained  from  water  without  generating  steam  by  heating  it 

under  pressure.  Salt  water,  saturated  with  41*2  lb.  of  salt  per  1001b.  of  water, 
boils  at  227®,  and  freezes  at  about  the  zero  of  Fahrenheit. 

There  are  a  few  points  connected  with  the  heating  of  water  which  should  be 
alluded  to. 

The  heating-vessels  of  hot-water  warming-apparatus  are  not  "boilers"  in  the 
ordinary  acceptation  of  the  term.  They  are  simply  that  part  of  the  system  of 
circulation  to  which  the  action  of  the  prime  mover,  heat,  is  applied ;  and  they  differ 

essentially  from  steam-boilers  in  that  their  contents  ought  not  to  "boil."  The 
construction  of  a  hot-water  apparatus  boiler  should  promote  such  a  i*apid  circulation 
of  the  water  through  it  that  the  heated  water  leaves  it  before  reaching  the 
temperature  at  which  steam  should  be  formed.  The  formation  of  steam  would 

interfere  with  the  circulation  of  the  water  in  a  hot-water  warming-apparatus,  and 
it  is  only  when  the  circulation  is  impeded  that  ebullition  takes  place. 

As  no  steam  is  intended  to  be  formed,  it  is  unnecessary  to  provide  steam-room 
in  the  boiler  of  a  hot-water  apparatus,  and  the  entire  capacity  of  these  boilers  in 
proportion  to  their  surfaces  and  area  of  fire-grate  may  therefore  be  less  than  in 

steam-boilers.  With  a  sufficiently  free  circulation,  the  "  capacity "  is  of  less 
importance  than  the  extent  of  surface  presented  for  the  reception  of  heat.  The 

boDers  of  hot-water  apparatus  being  always  full  of  water  and  the  water  being  in 
constant  circulation,  there  is  no  direct  relation  between  the  capacity  of  a  boiler  and 
the  quantity  of  pipe  it  is  capable  of  heating ;  but  on  the  other  hand,  the  economical 
effect  of  a  boiler  is  closely  connected  with  the  proportionate  extent  of  surface  which 
it  presents  for  the  reception  of  heat,  as  compared  with  the  surface  of  pipes  which 
give  out  heat. 

Any  estimate  of  the  efficiency  of  a  boiler  depends  upon  the  assumption  that  the 
form  of  the  boiler  is  such  that  the  surfaces  are  favourably  disposed  for  the  reception 
of  heat  and  its  communication  to  the  water,  and  that  its  interior  shape  permits  free 
circulation  in  every  part  The  position  of  the  surfaces  should  be  such  as  to  allow 
the  cooler  water  free  access  to  the  plates,  and  the  readiest  escape  of  those  particles 
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which  are  ht^ted,  without  materiaUy  interfering  with  each  other.     In  this  respect^ 
perfectly  horizontal  surfaces  are  not  so  good. 

Boilers  of  complicated  construction  are  objectionable  on  account  of  the  impedi- 
ments they  present  to  the  free  circulation  of  the  water. 

The  "  surface  "  of  a  l)oiler  relative  to  the  area  of  the  fire-grate,  and  the  extent 
of  the  pipt»  to  Ik*  heated,  is  the  measure  of  its  power.  The  extent  of  the  pipe 
which  can  lie  heaUxi  by  any  lx)iler,  depends,  other  circumstances  being  alike,  on 
the  quantity  of  coal  which  can  l)e  economically  burnt  in  its  furnace;  and  the 
economical  use  of  the  coal  can  only  l>e  ensured  by  giving  a  due  development  to  the 
recipient  surfaces  which  take  up  the  heat  fix>m  the  fuel  and  communicate  it  to  the 
water. 

On  the  average,  a  fair  economical  effect  may  be  obtained  from  hot-water  boilers 

by  giving  them  from  ten  to  twelve  feet  of  heated  surface  for  each  foot  of  fire-grate. 
With  th(^  surfaces  properly  disposed  for  the  reception  and  communication  of 

heat,  one  f(x>t  of  boiler-surface  is  generally  assumed,  in  round  numbers,  to  heat 

from  27  to  30  feet  of  4-inch  pipe,  or  30  to  35  feet  superficial 
The  efficient  action  of  hot-water  pipes  depends  upon  the  upward  flow  of  the 

heated  and  expanded  water,  as  it  passes  from  the  boiler,  being  made  as  direct  a& 
possible,  and  so  protected  as  to  lose  little  heat  between  the  boiler  and  the  place 

where  the  heat  is  to  be  utilised  The  return-pipe,  which  brings  the  water  after  it 
has  been  cooled  down  by  the  abstraction  of  heat  in  warming  the  air,  should  be 
passed  in  to  the  bottom  of  the  boiler  as  directly,  and  in  as  uniform  a  line  from  the 

place  where  the  heat  has  been  used,  as  possible.  The  velocity  of  flow  in  the  pipes 
will  depend  upon  the  temperature  at  which  the  water  leaves  the  boiler,  the  height 
to  which  the  heated  water  has  to  rise,  and  the  temperature  at  which  it  passes  down 

the  return-pipe  back  into  the  boiler.  The  efficiency  of  a  hot-water  apparatus  wHl 
be  regulated  by  these  conditions,  by  the  sizes  of  the  pipe,  and  by  such  other 
conditions  as  affect  the  flow  of  water  in  pipes. 

It  is  therefore  especially  necessary,  in  applying  this  source  of  warming,  to  have 
the  advice  of  persons  practically  conversant  with  the  question,  and  not  to  trust  to 
theoretical  views  alone. 

It  will  be  evident  that  to  obtain  an  equal  velocity  of  flow  when  the  height  of 
the  vertical  column  is  small,  the  temperature  at  which  the  water  returns  to  the 

boiler  must  be  lower  than  when  the  vertical  column  is  long.  Therefore,  when  the 

boiler  or  source  of  heat  is  very  near  the  level  of  the  pipes  for  heating  the  air,  the 
average  temperature  which  can  be  obtained  in  the  pipes  will  be  lower  than  when 

the  vertical  column  is  long.  Hence,  the  heating-surface  and  grate-area  of  the 
boiler,  and  the  surface  of  pipe  which  enables  the  heat  from  the  boiler  to  be  utilised, 
must  be  regulated  with  reference  to  this  difference  of  level. 

It  may  further  be  assumed  that  with  small  pipes,  the  tempei'ature  being 
constant,  the  velocity  of  flow  in  the  pipe  necessary  to  furnish  a  given  amount  of 
heat  will  vary  in  the  ratio  of  the  length  of  the  pipe. 

When  the  water  is  under  ordiimry  atmospheric  pressure,  and  circulates  through 

the  pipes  by  virtue  of  the  difference  of  temperature  of  the  flow  and  return  currents 
only,  it  is  impossible  to  count  upon  a  greater  mean  temperature  of  the  pipes  than 

from  160°  to  180°,  because  above  that  temperature  the  water  in  the  boiler  begins  to 
boil,  and  causes  an  ovei^ow  of  the  supply-cistern  and  escape  of  steam  at  the  siii- 
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pipes.  In  order  to  obtain  a  sufl&cient  velocity  of  circulation  for  long  distances,  or 
with  small  differences  of  level,  a  forced  circulation  may  be  resorted  to,  as  has  been 
done  by  Messrs.  Easton  and  Anderson  at  the  County  Lunatic  Asylum  at  Banstead. 

There  two  pipes  are  laid  side  by  side,  one  of  w^hich  communicates  with  the 
boilers,  and  is  termed  the  flow-pipe;  the  other,  termed  the  return-pipe,  is  connected 
with  the  feed-cistern  for  the  boilers,  which  cistern  is  situated  above  the  level  of  the 
Itoilers.  Both  pipes  are  connected  with  the  various  coils  to  which  the  heated  water 
is  desired  to  be  conveyed  by  valves,  which  can  be  opened  or  closed  at  will.  An 

Archimedean  screw-pump  is  fixed  on  the  return-pipe  near  the  point  where  the  pipe 
ascends  into  the  cistern.  This  pump  is  always  kept  at  work.  When  the  com- 

munications between  the  flow  and  return-pipes  are  closed,  the  screw  simply  slips 
through  the  water ;  a&  soon  as  any  communication  is  opened,  the  screw  draws 

the  water  along  the  pipe  and  forces  it  into  the  cistern,  thus  ensuring  a  constant 
circulation. 

Heating  by  hot  water  under  pressure  has  been  largely  carried  out  by  Messrs. 
Perkins. 

By  the  Perkins  system,  the  water  is  heated  under  considerable  pressure,  and  a 

higher  temperature  is  thus  obtainable  than  with  ordinary  pressures. 
In  its  simplest  form  the  apparatus  consists  of  a  continuous  or  endless  iron  tube 

of  about  one  inch  diameter,  closed  in  all  parts,  and  filled  with  water.  The  joints 

are  screw  joints,  connected  within  a  socket  forming  a  right  and  left  hand  screw. 

About  one-sixth  part  of  the  tube  is  coiled  in  any  suitable  form  and  placed  in  the 

furnace,  and  the  other  five-sixths,  forming  the  surface  which  gives  out  the  heat 
thus  communicated  to  the  water,  are  heated  by  the  circulation  of  the  water  which 

flop's  from  the  top  of  this  coil ;  and,  cooling  in  its  progress  through  the  building, 
returns  to  the  bottom  of  the  coil  to  be  re-heated. 

Water,  when  heated  from  about  40°  to  212°  Fahrenheit,  expands  about  5  per 
wnt,  and  it  requires  about  28,000  lb.  to  the  square  inch  to  compress  water 

5  per  cent,  of  its  bulk.  Hence,  a  tube  called  an  expansion-tube  is  placed  above  the 
highest  level  of  the  smaller  tubes  which  convey  the  heat  to  the  distant  parts  of  the 

building.  This  tube  is  of  larger  diameter  than  those  used  as  heating-surfaces,  and 
its  length  and  capacity  are  proportioned  to  the  quantity  of  tube  to  which  it  is 
attached 

The  filling-tube  of  the  apparatus  is  placed  on  a  level  with  the  bottom  of  this 
expansion-tube  so  as  perfectly  to  fill  all  the  small  tubes,  and  yet  prevent  the 

possibility  of  filling  the  expansion-tube  itself.  The  expansion-tube,  being  then 
left  empty,  allows  the  water,  as  it  becomes  heated,  to  expand  without  endangering 
the  bursting  of  the  smaller  tubea 

The  apparatus  is  filled  by  an  opening  connected  with  the  lowest  line  of  tubing, 

so  that  the  water,  as  it  rises,  drives  the  air  before  it,  and  out  through  an  opening 

in  the  expansion-tube.  Great  care  must  be  taken  to  expel  all  air  from  the  pipes 
by  repeatedly  forcing  water  through  them.  When  the  pipes  are  filled,  both  the 

opening  in  the  filling-tubes  and  the  opening  in  the  expansion-tube  are  closed  by 
screw  plugs. 

The  form  and  size  of  the  furnace  varies  according  to  the  locality  and  the  work 

the  {»pes  have  to  do. 

A  temperature  of  as  much  as  300"*  Fahrenheit  can  be  obtained  in  the  tubea 
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Tbeoreticallj  this  apparatus  would  go  on  for  an  nnlimited  tune  withont  requir- 
ing attention,  because  there  would  be  no  loss  of  water  from  evaporation,  and  as  the 

water  is  not  changed,  and  as  most  of  the  oxygen  it  contains  is  removed  from  the  a^'r 
in  the  process  of  filtering,  there  is  no  oxidation  or  rustii^^  of  the  p'pes.  Tliere 
are  houses  where  the  system  has  been  in  use  for  some  years  without  requuinv 
attention. 

The  use  of  steam  for  heating  pipes  possesses  a  similar  advantage  to  hot  water 

under  pressure — viz.,  it  affords  a  high  temperature  in  the  pipes  3  and  when  the 
object  is  to  warm  air,  the  higher  the  temperature  of  the  pipes  the  greater  is  ib& 
comparative  effect.  Thus  pipes  heated  by  hot  water  under  pressure  convey  heat  to 
the  air  with  greater  rapidity  than  pipes  heated  by  hot  water  at  low  pressures ;  and 

steam-pipes  are  more  effective  than  hot-water  pipes  ;  and  steam  at  a  high  pressure 
is  more  effective  than  low-pressure  steanu 

In  heating  by  steam  or  by  water  under  considerable  pressure  instead  of  bj 
water  at  the  ordinary  pressure,  there  is  the  advantage  that  the  high  temperature 
obtained  in  the  pipes  causes  the  consequent  radiation  of  a  large  proportion  of  heat 
to  the  walls  of  a  room. 

The  conditions  to  be  followed  in  the  form  and  construction  of  steam-boilers  are 

somewhat  different  from  those  for  hot-water  boUers ;  but  their  consideration  is 
beyond  the  limits  of  this  paper. 

Heating  by  steam  has  been  largely  resorted  to  in  the  United  States  of  America; 
and  to  be  seen  to  perfection  it  must  be  studied  there. 

The  following  are,  however,  some  of  the  chief  points  to  be  considered. 
In  warming  a  room  by  direct  radiation,  it  is  found  that  the  best  plan  to  secure 

equable  temperature  is  to  place  the  radiators  or  coUs  of  steam-pipes  near  an  Loner 
wall ;  the  warmed  air  passes  up  to  the  ceiling  and  cools  against  the  outside  wall  and 
windows,  and  thus  a  circulation  is  maintained. 

Where  systematic  ventilation  is  carried  out  in  conjunction  with  warming,  the 
regulation  of  the  warmth  to  be  supplied  by  the  apparatus  can  be  effected  by  dividing 
the  coil  into  independent  sections,  one  or  more  of  which  can  be  shut  off  at  pleasure! 

But  in  combination  with  systematic  ventilation  the  warming  is  controUed  by  so 
arranging  the  casing  or  chamber  containing  the  coil,  that  the  whole  or  any  part  of 
the  fresh  air  entering  can  be  made  either  to  pass  through  the  coil  and  be  warmed,  or 

to  "  by-pass "  the  coil  and  escape  wanning ;  the  warmed  and  unwanned  currents 
are  then  mingled  in  a  mixing*chamber  or  flue,  whence  a  supply  of  fresh  air  suitably 
tempered  flows  into  the  room. 

In  the  construction  of  the  apparatus,  the  prevailing  practice  in  America  is  to 

employ  wrought-iron  welded  tubes,  not  only  for  the  mains,  but  also  to  a  lai^  extent 
for  the  radiating-surfaces  that  difluse  the  heat.  The  separate  lengths  of  tubes  are 
connected  by  wrought-iron  couplings  when  in  the  same  straight  line,  and  when  not 
so,  by  cast-iron  elbows,  tees,  branch-pieces,  and  return-bends.  The  so-called  coils  or 
radiators  usually  employed  for  diffusing  the  heat  are  compact  nests  of  tubes. 
sometimes  arranged  vertically  by  having  their  bottom  ends  screwed  into  a  cast-iron 
box,  and  at  other  times  placed  horizontally  and  connected  together  by  branch-tees 
and  retum-bend& 

In  the  use  of  these  tubes,  the  essential  feature  of  practical  importance  is  the 

employment  of  tapering  screw-threads,  externally  upon  the  tube-ends  and Jntemallj 
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within  the  sockeis  of  the  oouplings  or  fittings,  as  the  means  of  securing  durable 

steam-tight  joints,  which  can  be  r^sulily  made  or  unmade. 
Most  frequently  the  steam  for  warming  in  America  is  supplied  by  one  or  more 

horizontal  tubular  or  Seguin*  boilers,  set  in  brickwork. 
The  original  Seguin  boiler  consists  of  a  horizontal  cylindrical  shell,  containing 

tubes  in  the  lower  half,  with  a  steam-dome  on  the  top ;  the  tubes  are  arranged  in 
vertical  and  horizontal  rows,  not  alternating  or  zigzag ;  and  the  best  practice  is  to 
place  a  man-hole  in  the  front  end  over  the  fire-door,  and  beneath  the  tubes.  The 
hoiler  is  fired  underneath,  and  the  products  of  combustion  return  through  the  tubes 
from  the  back  to  the  front,  and  then  pass  back  again  over  the  top  of  the  boiler, 
which  is  covered  in  with  brickwork  ;  the  temperature  of  this  top  ̂ ne  rarely  exceeds 

400^  Fahr.  The  fuel  used  is  anthracite  coal,  yielding  8  to  12  per  cent  of  ash ; 
and  when  well  supplied  with  air  it  evaporates  from  8 J  to  9  lb.  of  water  per  lb.  of 
coal. 

In  r^;ard  to  the  circulation  of  steam,  there  are  two  methods  of  warming  with 
steam,  one  with  live  steam  direct  from  the  boiler,  and  the  other  with  exhaust  steam. 
These  two  are  frequently  carried  out  in  combination,  and,  in  fact,  generally  so  where 
exhaust  steam  is  used  at  all  for  warming. 

The  cause  producing  the  circulation  throughout  the  pipes  of  the  warming- 
apparatus  is  the  difference  of  pressure  which  results  from  the  more  or  less  rapid 

condensation  of  the  steam  in  contact  with  the  radiating-surf aces ;  a  partial  vacuum 
of  greater  or  less  amount  lb  thereby  formed  within  the  radiating  portions  of  the 
apparatus,  and  the  column  of  steam  or  of  water  equivalent  to  this  diminution  of 
pressure  constitutes  the  effective  head  producing  the  flow  of  steam  from  the  boiler, 
while  the  return  current  of  condensed  water  is  determined  by  the  downward 
inclination  of  the  pipes  for  the  return  course. 

The  whole  details  of  the  arrangements  for  steam  heating  have  been  worked  out 
with  great  care  in  America,  and  a  very  clear  explanation  of  these  details  will 
be  found  in  the  proceedings  of  the  Institution  of  Civil  Engineers,  communicated  by 
the  late  Mr.  Robert  Briggs,  to  whose  skill  many  of  the  details  of  the  present  system 
of  steam  heating  in  America  have  been  due. 

The  great  advantage  of  steam  heating  is  that  the  high  temperature  of  the 
radiators  or  coils  gives  out  radiant  heat,  which  wanns  the  walls  and  furniture  in  the 
same  way  as,  though  to  a  much  less  degree  than,  an  open  fire ;  and,  moreover,  the  heat 
is  got  up  very  rapidly  in  a  room.  And,  when  desired,  the  apparatus  cools  down 
with  equal  rapidity  when  the  steam  is  shut  off.  With  hot  water,  on  the  other  hand, 
it  takes  some  time  to  heat  up  the  pipes,  and  a  considerable  time  to  cool  them  down 
again. 

The  temperature  of  steam-heated  surfaces  for  steam  at  40  to  60  pounds 
pressure  will  run  from  290  degrees  to  310  degrees;  and  these  temperatures 
are  practically  uncontrollable  whenever  the  steam  is  admitted  to  any  coil  or 
radiator;  so  that  the  external  surface  of  the  coil  or  radiator  in  air  is  sensibly 

the  same— "290  degrees  to  310  degrees.  Some  slight  but  unreliable  reduction 

of  temperature  in  the  steam  may  be  had  by  throttling  the  supply-pipe,  but  this 
method  becomes. especially  unreliable  when  the  condensed  water  is  returned,  without 

*  Introduced  in  France  about  1826  to  1830  by  M.  Seguin,  engineer  of  the  St.  Etienne  and  Lyoni 
Bulway ;  and  in  America  about  1844  by  Mr.  Naion- 
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trapping,  at  the  sanie  pressure  to  the  boiler.  Coils  give  off  heat  determinatelj 
until  the  Ust  moment  of  being  shut  off  They  fiU  with  water,  and  become  veiy 
noisy  with  water  hammers  when  a  small  volume  of  steam  in  some  way  is  interposed 

iH'tween  two  columns  of  cooled  water  that  instantaneously  condenses  it  and  forms  s 
vacuum,  bringing  such  columns  into  solid  contact  with  each  oUier.  In  exposed 

places  throttled  coils  freeze  up.  The  nicest  adjustment  may  secure  the  end  of  lower 

temperatures  of  surfaces,  and  corresponding  lower  temperatures  of  air-currents 
passing  them,  or  of  desired  constant  temperature  of  air-current,  obtained  by  giving 
less  heat  to  a  warmer  entering  air ;  but  the  least  change  of  boUer-pressure  disturbs 
it  all ;  in  a  moment  the  coil  is  virulently  active  with  heat,  or  obstinately  passive 

by  water-clogging. 
There  arc  two  methods  of  meeting  this  difficulty.  The  first  is  the  diraion  of  a 

coil  into  s(H;tions,  so  that  one  or  more  of  the  sections  can  be  employed  in  heating,  or 
be  shut  off  at  will. 

Tlie  second  method  is  called  the  by-pass,  and  is  arranged  by  passing  around  the 
coil,  unwarmed,  such  part  of  the  current  of  entering  air  as  will  reduce  or  temper 

down  that  remainder  of  the  current  which  is  permitted  to  pass  through  tlie  coil, 
and  is  heated  by  contact  with  the  heated  surfaces.  A  comparatively  simple 
arrangement  of  the  casing  of  the  coil,  with  register  or  louvre  valves,  and  some 
baffling  contrivance,  will  secure  the  admixture  of  the  two  currents. 

In  one  essential  regard,  the  by-passing  method  is  more  efficient  than  the  other, 
because  it  gives  an  instantaneous  change  of  temperature  of  the  air  delivered  in  the 

rooms,  while  the  sectional  method  calls  for  time  to  elapse  untU  the  closed-off 

sections  shall  have  lost  their  Keat,  or  the  newly-opened  ones  increased  in  tempera- 
ture, before  any  effect  is  produced  on  the  temperature  of  the  air. 

In  order  to  obviate  the  inconvenience  above  mentioned,  viz.,  that  the  steam 

frequently  makes  unpleasant  noises  if  air  or  water  lodges  in  the  pipes,  it  is  adrisable 

in  designing  apparatus  for  steam  heating  in  a  building,  that  the  flow-pipe  should  be 
canied  in  as  direct  a  line  as  possible  from  the  boiler  to  the  highest  pointy  and  that 

all  coils  for  heating  should  be  placed  on  the  return-pipe,  which  should  be  laid  in  a 

uniformly  descending  line,  so  arranged  as  to  prevent  the  lodgment  of  any  con- 
densed water.  Heating  by  steam  requires  much  consideration  to  make  it  a  pleasant 

means  of  warming  rooms,  because  the  heat  given  out  is  very  great,  and,  unl^ 

it  is  combined  with  the  supply  of  fresh,  and  the  removal  of  vitiated,  air  in  such  a 

manner  as  an  open  fire  affords,  it  becomes  often  oppressive.  The  temperature  of 
the  pipes  cannot  be  regulated  as  with  hot  water ;  the  way  to  obviate  this 
objection  has  been  already  mentioned.  There  is  also  a  plan  of  using  expansion 

steam — i.e.,  driving  all  air  out  of  the  coils — a  principle  which  may  be  described  as 
the  reverse  of  Perkins  with  hot  water.  In  this  case  the  vapour  of  water  which 

passes  off  before  the  water  boils  will  fill  the  pipes  and  warm  them  to  a  temperature 
of  from  190°  to  210°. 

There  may  be  some  practical  inconvenience  attending  the  use  of  high-pressure 
steam  in  localities  where  an  experienced  workman  is  not  near  at  hand.  For  this 

reason  hot- water  pipes  have  been  genei'ally  preferred  for  warming  ordinary  houses 
in  this  country. 

The  shape  of  pipes  for  heating  by  means  of  either  hot  water  or  steam  has  an 
influence  on  their  capacity  for  heating.     The  usual  form  is  that  of  circular  pipes, 
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probably  mainly  because  of  their  greater  strength,  and  the  facility  with  which  pipes 
of  this  form  are  made  and  6xed. 

Sylvester  proposed  a  form  of  pipes,  which  was  continued  by  Messrs.  Rosser  and 
Russell,  in  which  the  heating  surface  was  supplemented  by  flanges  as  shown,  by  the 
annexed  section  (Fig.  233) ;  but  the  greater  convenience  of  the  circular  form  appears 
to  have  prevented  the  more  general  adoption  of  flanged  pipes. 

In  the  heating-apparatus  of  the  Houses  of  Parliament,  pipes  are  used  whose 
heating-surface  is  increased  in  certain  places  by  means  of  numerous  flanges  placed 
at  right  angles  to  the  run  of  the  pipe. 

In  connection  with  the  use  of  hot  water  in  steam-boilers,  some  observations  are 
necessary  upon  the  best  means  for  preventing  smoke.  The  Committee  of  the  Smoke 
Abatement  Exhibition  expressed  great  regret  that  no  foim  of  boiler^fumace  was 
submitted  to  them  in  which  fuel  is  converted  into  gas  before  it  is  used 

for  heating  the  boiler.  They  further  pointed  out  that  mechanical  ap- 
pliances for  feeding  the  flres  under  boilers  may  readily  be  adjusted  so 

as  to  meet  the  changing  needs  and  conditions  of  the  furnace,  and  that 

they  are  less  costly  than  the  skilled  labour  required  to  produce  com- 
parable  results  by  hand-flring. 

Mechanical  stokers,  as  the  name  implies,  ai'e  designed  with  the  following 
objects:  viz.,  the  substitution  of  mechanical  t)oyrer  for  the  manual  labour  of  the 
stoker,  the  delivery  of  a  small  and  continuous  supply  of  fuel  to  the  furnace  in  the 
place  of  the  larger  quantities  cast  in  by  hand  from  time  to  time  as  required,  and 

the  constant  movement  of  the  fire-bars,  by  which  the  adhesion  of  masses  of  clinker 
to  the  bars  is  prevented,  thus  permitting  at  all  times  the  free  access  of  air  beneath 
the  fire  to  promote  combustion. 

The  use  of  mechanical  stokers  is  of  the  greatest  importance  in  abating  smoke. 
Not  only  is  the  saving  of  labour  very  considerable,  and  the  saving  of  fuel 
marked,  but  in  nearly  all  the  forms  shown .  in  the  Exhibition  and  tested  while  in 
operation,  smoke  during  their  working  was  either  entirely  avoided,  or  much  reduced 
in  amount 

But  no  doubt  these  appliances  are  still  open  to  much  improvementi 
When  the  form  and  description  of  apparatus  for  heating  has  been  decided  on, 

the  amount  of  heating-surface  to  be  aflbrded  for  purposes  of  ventilation  and  warm- 
ing depends  mainly  upon  the  volume  of  air  to  be  admitted  and  removed,  and  the 

temperature  desired  to  be  maintained ;  but  in  any  given  building  there  are  other 

circumstances  to  be  taken  into  account — viz,,  the  position,  aspect,  subsoil,  tempera- 
ture of  locality  (for  instance,  a  cold  dry  climate  like  Canada  requires  very  diflerent 

means  of  warming  from  what  is  necessary  in  mild  damp  England),  the  shape  and 
Bize  of  building,  extent,  position,  and  thickness  of  walls,  size  and  form  of  windows^ 
skyhghts,  and  such  like  matters,  which  aflect  either  the  temperature  of  the  incoming 
air  or  the  conditions  which  determine  the  loss  of  heat  in  a  building ;  but  in  order  to 
ascertain  accurately  the  quantity  of  pipe  required  to  heat  any  building  frequently 
inTolves  complicated  calculations,  the  formulae  for  which  would  be  out  of  place  here. 

For  the  purpose  of  an  ordinary  approximation,  the  buildings  with  which  the  hot- 
water  engineer  has  to  deal  may  be  divided  into  two  classes  :  firstly,  those  in 
which  the  surface  exposed  to  the  cooling  influence  of  the  atmosphere  is  either  by 
it«  nature  or  extent  a  more  important  element  than  the  cubic  contents  ;  secondly, 
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that  class  of  baildings  in  which  the  cabic  capacity  and  the  rentilation  are  the  most 
important 

Mr.  Hood,  whose  Valuable  treatise  on  wanning  and  -ventiladon  is  well  known, 
considers  that  the  average  rate  of  cooling  for  each  foot  of  glass-sorface  exposed  to 
the  external  atmosphere  is  equivalent  to  about  1}  cable  feet  of  air,  cooled  as  many 

degrees  per  minute  as  the  internal  temperature  exceeds  that  of  the  external  air- 
thus,  if  the  difference  between  the  internal  temperature  of  a  greenhouBe  and  tJie 

outer  air  were  30",  then  as  much  of  the  interior  heat  as  is  equivalent  to  1|  cabic 
feet  of  air  cooled  30*,  would  be  transmitted  by  every  superOcial  foot  of  surface. 

At  the  mean  temperature  of  hot-water  pipes,  one  square  foot  of  pipe-surfiuse  is 

equal  to  warm  about  6|  cubic  feet  of  air  30*  per  minute ;  whence  it  results  ihAt  one 
foot  of  pipe  would  be  required  for  every  5  feet  of  glass-surfeu^e  when  the  different 
of  temperature  is  30. 

If  the  temperature  of  the  house  were  to  be  maintained  at  60°  above  that  of  ̂  
external  air,  double  the  quantity  of  pipe  would  be  required,  supposing  its  sui&oe  id 
remain  equally  effective ;  but  as  in  this  case  the  difference  between  the  temperature 
of  the  pipe  and  the  surrounding  medium  would  be  less,  rather  less  heat  would  be 

given  off  per  foot  of  pipe-surface.  As  an  approximation,  however,  we  may  say  that 

for  houses  maintained  at  60^  above  the  external  air,  one  foot  of  pipe  should  be 
provided  for  every  2^  feet  of  glasa 

The  second  class  comprises  buildings  of  which  the  cubic  contents  are  large  in 
proportion  to  their  enclosing  surfaces,  in  which  the  loss  of  heat  by  transmifsioQ 
through  their  walls  is  comparatively  inconsiderable,  the  absorption  and  retention  of 

heat  by  their  solid  materials  great,  and  in  which  the  air  is  not  changed  so  fre- 
quently as  to  exercise  a  material  influence  upon  the  temperature. 

It  is  true  that  when  once  the  air  of  any  large  building  is  raised  to  its  normal 

temperature,  no  more  heat  need  be  generated  by  the  warming-apparatus  than  is 
required  to  compensate  for  the  loss  by  transmission  through  the  walls,  A^,  and  by 
the  ventilation.  In  most  cases,  however,  the  power  required  to  warm  the  air  of  the 
building  in  the  first  instance,  and  its  solid  materials,  is  so  great,  that  these  become 
important  elements  in  calculating  the  power  of  the  apparatusL 

There  will,  of  course,  be  a  considerable  addition  to  be  made  for  the  air  required 
to  be  removed  for  ventilation.  This  depends  on  the  conditions  alluded  to  elsewhere. 

To  the  extent  to  which  this  takes  place  must  a  further  allowance  for.heating-saTfac6 
be  mada 

Mr.  Hood  further  shows  that  1  foot  in  length  of  4-inch  pipe  at  an  excess  of  125*' 
above  the  surrounding  air  will  raise  the  temperature  of  222  cubic  feet  of  air  V*  per 
minute,  equivalent  to  about  190  feet  per  superficial  foot  of  pipe-suiface. 

In  order,  then,  to  ascertain  the  extent  of  pipe  necessary  to  heat  the  air  of  any 
building,  we  have  to  multiply  its  cubic  contents  by  the  number  of  degrees  which 
the  air  is  to  be  raised  ;  and  the  product  divided  by  190  into  the  time  in  minutes 
within  which  the  effect  is  to  be  attained  will  give  the  number  of  superficial  feet  of 

heating-surface  required  to  warm  the  air.  There  would  be  an  addition  for  counte^ 
acting  the  oooling-surfaoe  of  the  windows,  skylights,  roof,  and  walls. 

Until  the  whole  of  the  soHd  materials  of  the  building  were  brought  up  to  the 
temperature  of  the  internal  air,  there  would  be  a  large  absorption  of  heat ;  and  as 
the  capacity  of  solid  bodies  for  heat  is  greater  than  that  of  air,  the  quantity  of  heat 
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absorbed,  and  the  tiine  occupied  before  an  approximate  eqttality  of  temperature 
could  be  attained,  woxdd  be  very  great.  Observations  conducted  with  the  object  of 
ascertaining  the  quantity  of  heat  taken  up  by  the  solid  materials  of  some  large 

buildings,  such  as  churches,  show  that  it  is  much  greater  than  the  quantity  ex- 
pended during  tha  same  time  in  warming  the  air  and  compensating  for  the  loss  by 

transmission* 

There  are  one  or  two  other  matters  bearing  on  the  question  of  warming,  on 
which  some  observations  here  are  especially  desirable,  because  sufficient  attention  is 
not  paid  to  them. 

One  great  cause  of  expense  of  fuel  in  English  houses,  and  of  the  inconvenience 

experienced  from  draughts,  arises  from  the  loss  of  heat  which  takes  place  in  conse- 
quence of  thin  walls,  lightly-constructed  roofs,  thin  glass  windows  and  skylights. 

The  same  carelessness  in  economising  heat  prevails  in  railway-carriages,  and 
tbey  afford  a  ready  illustration  of  what  takes  place,  because  the  effects  are  so 

striking  in  cold  weather.  The  floor  and  roof  of  a  railway-carriage,  instead  of  being 
double,  with  air-spaces  between,  are  single;  consequently  the  radiation  of  heat  from 
them  is  very  rapid.  In  cold  weather  the  heat  generated  by  the  persons  present  and 

by  the  foot-warmers  is  insufficient  to  keep  up  the  temperature.  If  the  roof  and 
sides  of  a  railway-carriage,  and  the  floor,  were  made  double,  with  an  air-space 
between,  the  loss  of  heat  by  radiation  would  not  n^uch  exceed  half  that  with  the 
present  roofs  and  floors ;  and  in  summer  the  carriages  would  suffer  proportionately 
less  &om  sun-heat.  The  same  is  true  of  houses.  If  houses  were  constructed  with 

thick  walls  with  closed  air-spaces  in  the  centre,  with  double  windows,  and  with  the 
slates  of  the  roof  laid  on  close  boarding  covered  with  felt,  they  would  retain  the 

heat  in  winter  far  better  than  most  houses  now  do.  London  houses  with  thin  party- 
walls  also  illustrate  this  question.  When  a  person  occupies  a  house,  and  the  two 
neighbouring  houses  are  unoccupied,  the  heat  generated  in  the  house  is  so  rapidly 
radiated  through  the  walls  into  the  neighbouring  houses  that  it  becomes  very  difficult 
to  keep  the  house  warm  ;  whereas,  when  the  houses  on  both  sides  are  occupied,  the 
warmth  of  the  house  is  considerably  increased. 

The  loss  of  heat  from  glazed  roofs  and  ceilings,  from  skylights,  and  from  metal 

roohy  such  as  are  used  in  railway-stations,  is  very  considerable. 
The  air  in  contact  with  metal  or  thin  glass  exposed  to  cooling  influences  is,  in 

the  case  of  a  roof,  under  the  most  favourable  condition  for  being  cooled.  Each 
I&jer,  as  it  is  cooled,  falls  down  and  is  replaced  by  warm  air,  which  undergoes  the 
sune  process.  This  renders  a  space  covered  with  a  metal  or  glass  roof  without 

intermediate  ceiling  very  difficult  to  warm.  Therefore  in  halls  or  rooms  lighted  by 
&  glass  roof,  or  staircases  lighted  by  skylights,  it  is  essential  for  preserving  the  heat 
that  there  should  be  a  second  glass  ceiling  below  the  one  exposed  to  the  outer  air  ; 
&nd  in  cold  weather  it  may  be  advisable  to  adopt  special  means  to  warm  the  inter- 

mediate space,  if  an  equable  temperature  is  sought  to  be  maintained  in  the  room  at 
all  times.  Where  glazed  ceilings  are  lighted  by  gas,  with  lights  above  the  lower 
ceiling  of  glass,  the  heat  from  the  gas  when  lighted  is  sufficient  to  keep  up  the 
temperature. 

In  very  hot  weather,  when  it  is  desired  to  cool  down  the  temperature  of  an  iron 

^  glass  roof,  it  may  be  watered  by  jets  from  8  or  9  o^clock  in  the  morning  till  about 

5  o'clock  in  the  evening.     The  quantity  of  water  would,  however,  be  considerable, 



592  OUR   HOMES. 

probably  not  less  than  about  25  gallons  per  hour  per  square  of  100  feet  The  practice 

of  linie-whitiiig  the  roof,  which  is  largely  resorted  to  in  some  places,  is  a  great  pro- 

t<H.*tion  against  heat. 
But  we  should  not  suffer  so  much  either  from  summer  heat  or  from  winter  cold 

in  our  houses  if  we  built  them  with  a  greater  regard  to  the  means  for  ppeventing 

radiation  of  heat  into  and  out  of  them  ;  and  this  need  not  necessarily  entail  any 

great<»r  expense  in  construction,  but  only  greater  thought  on  the  part  of  the  architect 
and  builder. 
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CHAPTER  LVin. 

Ventilation  by  Ptopulrion— Draughts— Distribution  of  Inlets  and  Exits  for  Air— Effects  of  Ckwling- 
surfaoes — ^Air-flues— Means  of  removing  Impurities  from  Inflowing  Air. 

The  next  point  for  consideration  is  ventilation  by  means  of  the  direct  propulsion 
of  the  air. 

Theoretically,  the  propulsion  of  air  into  a  room  would  expel  all  the  foul  air 
through  the  cracks  of  windows  and  doors,  even  if  no  special  apertures  were  made 
for  its  removal,  and  the  existence  of  pressure  in  the  room  would  tend  to  prevent 
draughts  of  cold  air  from  doors  and  windows  ;  but  in  piuctice,  in  the  ventilation  of 
hospital  wards,  the  system  of  propulsion,  i.6.,  forcing  the  fresh  air  into  the  room, 

and  allowing  the  vitiated  air  to  find  its  way  out,  has  not  been  generally  found  suc- 
cessful as  a  means  of  purifying  the  air.  The  air  forced  in  seems  to  seek  the  first 

place  of  escape,  and  unless  the  system  is  combined  with  an  efficient  system  of  extrac- 
tion, much  of  the  vitiated  air  may  remain  in  comers  and  dead  angles.  It  is  there- 

fore generally  advisable  to  combine  with  a  system  of  propulsion  for  the  inflowing  air 
some  method  of  extraction  for  vitiated  air.  Where  the  circumstances  allow  of  it,  it 

will  be  found  simpler  to  dispense  with  propulsion,  and  to  rely  upon  the  action  of 

extraction-shafts  to  draw  in  the  air  required  through  adequate  channels  provided  for 
the  ingress  of  fresh  air.  In  cases,  however,  where  a  large  volume  of  air  is  required 
to  be  passed  continuously  into  a  confined  space,  and  the  channels  are  limited  in  size, 
it  may  be  found  advisable  to  assist  the  movement  of  the  inflowing  air  by 

propulsion. 
Ventilation  by  propulsion  requires  the  direct  application  of  power  to  move  the 

air.  This  is  generally  done  by  driving  air  by  means  of  fans,  worked  by  steam- 
engines,  along  channels  in  which  the  friction  becomes  an  important  consideration. 

The  friction  of  air  varies  as  the  square  of  the  velocity  multiplied  by  the  pressure 
against  the  sides  of  the  passaga  This  pressure  being  uniform,  its  total  amount 

depends  upon  the  total  surface — ^that  is,  the  length  multiplied  by  the  perimeter  of 
the  cross  section.  The  force  required  to  propel  air  through  any  passage  is  therefore 
equal  to  the  square  of  the  velocity  into  the  total  surface  multiplied  by  the  co-efficient 

of  friction.  It  is  beyond  the  limits  of  this  ti*eatise  to  discuss  the  various  forms  of 
fans  for  ventilation  of  buildings,  because  the  use  of  fans  in  the  ventilation  of 
houses  is  limited  to  exceptional  cases  and  generally  on  a  small  scale ;  those  who 

wish  to  pursue  the  subject  will  find  it  fully  discussed  in  the  paper,  and  the  dis- 
cuffiion  which  followed,  by  Mr.  Brigg^  in  the  Proceedings  of  the  Institution  of  Civil 
Engineers. 

We  may,  however,  mention  that  the  best  propellers  have  produced  a  useful 
effect  of  from  70  to  75  per  cent,  in  proportion  to  the  power  employed. 

Dr.  Amott  proposed  an  apparatus  on  the  principle  of  the  gas-holder,  by  which  he 
could  carefully  regulate  the  quantity  of  inflowing  air.  In  the  House  of  Commons 

there  is  an  apparatus  of  this  description,  on  the  principle  of  a  double-action  piston, 
by  which  in  the  summer  a  given  quantity  of  air  cooled  with  ice  can  be  forced  into 
the  Honsa 
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The  Qreat  Opera  at  Vienna  is  ventilated  by  extraction-shafts  from  the  oeiling, 
heated  by  hot-water  boilers  and  by  the  products  of  the  gas  chandelier,  the  adnusaaa 
of  air  being  regulated  by  propulsion  by  a  fan  from  below. 

ThiB  method  of  ventilation — viz.,  by  propulsion — ^was  adopted  on  the  recom- 
mendation of  Mr.  Van  Hecke  in  the  Hospital  Necker  at  Paris.  In  an  experiment 

made  in  two  wards,  one  ventilated  by  propulsion  and  the  other  by  extraction,  bat 

in  both  cases  with  closed  windows,  and  no  other  apertures  than  those  for  ren- 
tilation,  the  ward  ventilated  by  propulsion  was  cleared  of  the  smell  created  bj 

burning  pastilles  in  fifty  minut€«  with  a  volume  of  air  injected  equal  to  one-and-a 
quarter  the  cubic  content  of  the  ward ;  whilst  with  the  ventilation  by  extraction  it 
required  seventy  minutes  to  remove  similar  fumes  and  a  slightly  greater  voloiae 
of  air. 

Qeneral  Morin  and  others  who  have  had  the  lai^est  experience  of  ventilation, 
have,  however,  preferred  the  system  of  extraction  to  that  of  propulsion ;  nor  has 
the  system  of  ventilation  by  propulsion  been  extended  in  the  Paris  hospitals. 
Indeed,  the  hospitals  where  ventilation  by  propulsion  has  been  tried  have  not  been 
healthy.  There  is  one  practical  reason  which  offers  itself — viz.,  that  experience  of 
buildings  such  as  hospitals,  which  require  continuous  ventilation,  shows  that  on 
various  occasions,  either  for  repairs  or  for  other  reasons,  the  working  of  the  &n  is 
sometimes  stopped ;  and  during  this  period  of  cessation  of  course  the  ventilaticm 
becomes  seriously  defective  There  are  other  obvious  reasons.  This  system  implies 
that  the  whole  air  which  comes  in  or  goes  out  shall  do  so  independently  of  vnndows; 
that  is  to  say,  that  the  windows  shall  not  be  opened. 

But  if  the  impurities  in  a  confined  air-space  are  not  uniformly  diffused  (and  it 

is  certain  that  they  are  not),  then,  unless'  the  whole  air  is  periodically  swept  out, 
some  impurities  remain  long  enough  to  attain  a  putrefactive  state.  In  practice  it 
is  found  to  be  necessary,  at  frequent  intervals,  to  sweep  out  all  the  impure  air  in  an 
inhabited  building,  and  to  begin  again  with  fresh  air. 

This  is  especially  the  case  with  buildings  occupied  by  many  people ;  oonsequentlj 
in  barracks  and  in  hospitals  it  is  of  essential  importance  to  place  the  windows 
opposite  to  each  other,  and  to  have  rooms  of  such  a  width  as  to  secure  the  due 

action  of  these  sweeping-out  currents. 
The  system  of  propulsion  is,  however,  useful  under  special  conditions,  and 

especially  when  on  temporary  occasions  and  for  limited  periods  it  may  be  desirable 
or  necessary  to  provide  special  means  of  ventilation. 

The  system  of  extraction  by  fans  is  of  the  highest  value  in  places  where  it  is 
desired  to  remove  particular  impurities  with  great  rapidity ;  such,  for  instance,  as 

in  workshops  where  the  dust  of  cotton,  steel-filings,  shavings,  or  injurious  emana- 
tions produced  locally,  are  sought  to  be  remoyed  at  once. 

In  the  Mont  Cenis  and  St.  Gothard  tunnels,  during  construction,  the  compressed 

air,  after  having  been  utilised  to  work  the  boring-machines,  escaped  into  the  tunnel, 
and  provided  fresh  air  for  ventilation. 

Compressed  air  has  also  been  applied  to  produce  a  current^  and  thus  to  extract 

vitiated  air,  somewhat  on  the  principle  of  the  steam-jet  which  causes  the  draught  in  a 
locomotive  chimney,  but  acting  by  its  momentum  only.  The  system  was  used  for 
the  ventilation  of  some  of  the  galleries  of  the  Exhibition  at  Paris  in  1867,  and  was 

subjected  to  experiment  by  General  Morin  ̂   and  he  shows  that  the  useful  effect 
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varies  inversely  with  the  cube  of  the  velocity  of  the  air  in  the  channel.  This 
method  of  propelling  air  is  not  advantageous ;  but  it  may  be  resorted  to  in  special 
cases  where  difficulties  exist  in  applying  other  methods  of  propulsion. 

Before  illustrating  the  subject  of  ventilation  with  examples,  it  is  desirable  to 
mention  a  few  general  considerations  which  it  is  necessary  to  keep  in  mind. 

One  of  the  chief  difficulties  of  ventilation  arises  from  the  draughts  occasioned 
thereby. 

Large  rooms,  in  addition  to  the  advantage  afforded  of  enabliog  the  air  to  be 
changed  with  more  comfort  to  the  occupants  than  small  rooms,  also  present  the 

advantage  of  a  larger  wall-surface,  and  of  more  numerous  windows,  which  allow  of 
a  larger  insensible  ventilation ;  thus  larger  rooms  will  have,  even  in  proportion  to 
their  occupants,  an  apparently  less  degree  of  impurity  than  small  rooms.  Although 
the  uniform  diffusion  of  carbonic  acid  is  comparatively  rapid  in  the  air  of  a  room, 
the  organic  emanations  given  out  do  not  in  practice  diffuse  themselves  either 
rapidly  or  uniformly.  They  hang  about  in  comers  where  there  are  obstructions  to 
the  flow  of  air,  or  near  the  celling,  in  which  case  they  cool  down  and  fall,  and  mix 
with  the  air  of  the  room,  thus  increasing  the  impuritiea  Consequently,  there  is  no 
advantage  in  mere  height  of  a  room  unless  combined  with  means  for  removing 

heated  air  from  the  upper  part  Indeed,  a  lofty  room  with  a-  space  above  the  top 
of  the  windows  or  ventilating-openings  to  which  air  loaded  with  emanations  can 
ascend,  remain  stagnant,  cool,  and  then  fall  down,  is  a  positive  disadvantage. 

The  air  of  a  room  will  be  generally  best  renewed  by  means  of  open  windows  and 
doors,  when  these  are  so  placed  as  to  ensure  a  thorough  draught;  and  open 
windows  should  always  be  resorted  to  when  the  weather  permits. 

In  the  hospitals  specially  erected  for  the  wounded  in  the  Franco-German  war, 
the  sides  were  constructed  to  lift  up  bodily,  or  to  be  removed,  so  that  during  mild 
weather  the  whole  of  the  patients  were  in  a  kind  of  open  shed,  with  fresh  air  always 
playing  over  them.  Many  cases  brought  into  these  hospitals  from  brick  buildings, 

and  suffering  from  gangrene  and  other  hospital  diseases,  were  cured  by  the  fresh- 
air  treatment ;  and  the  more  the  air  of  rooms  can  be  renewed  by  means  of  open 
windows  the  better. 

But  the  windows  cannot  always  be  kept  open.  In  cold  climates  the  windows 
must  be  closed  to  keep  the  rooms  warm.  In  hot  climates  the  windows  may  even 
sometimes  have  to  be  kept  closed  to  keep  the  rooms  cool.  Moreover,  windows  are 

so  placed  in  a  room  as  to  meet  the  requirements  of  light,  and  do  not  therefore  neces- 
sarily occupy  the  most  advantageous  position  for  the  continuous  admission  of  air. 

Therefore  every  room  should  have  special  arrangements  for  the  admission  and 
extraction  of  air. 

The  more  these  various  inlets  and  outlets  are  distributed  about  the  room  the 

l)etter,  because  then  there  is  less  danger  of  stagnation  in  any  one  part  of  the  room. 
The  fresh  air  should  be  obtained  from  places  where  there  are  no  adjacent  sources 

of  impurity;  especially  not  from  the  vicinity  of  ash-pits,  manure-heaps,  gully- 
gratings,  or  other  sources  of  foul  air.  The  inlets  from  the  outer  air  should  be  at 
least  two  feet  from  the  ground,  and  the  surface  near  should  be  paved  and  sloped 
away  from  the  inlet^  so  as  to  carry  off  wet  rapidly.  It  has  been  estimated  that  the 

imparities  of  town  air  are  very  much  diminished  at  200  yards'  height^  and  are  not 
foand  above  600  yards  in  height — a  London  fog  will  rarely  be  perceptible  at  a  height 
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of  kbove  100  yuda — oonseqaently  to  bring  pore  air  into  tiie  honsea  in  a  luge  town, 
the  nmplest  way  would  be  to  dnw  it  down  from  a  height  hy  means  cf  s  hi^ 
■bait  or  tower. 

llie  chAnnelfl  for  the  admission  of  air  should,  as  a  rule,  be  short ;  if  they  tre 
long  they  ahonld  be  direct,  and  accessible.  Long  channels  are  liable  to  collect  dirt, 
and  to  form  a  refuge  for  insects.  Hence,  if  it  is  necessary  to  make  them  kmg,  ihej 
should  be  easily  accessible  for  cleaning,  aa  already  mentioned  Deep  asdergnmni 
channels  and  receptacles  will  modify  materially  tlie  temperature  ot  the  inflowisg 

Underground  channels  should  always  be  impervious  to  ground-fur,  and  &en 
are  very  few  materials  impervions  to  air. 

The  liability  of  air  in  underground  channels  to  mix  with  ground-air  woald  be 
dimiaiahed  if  the  air  were  snpjilied  to  the  channelB  or  receptacles  by  propnlaon, 
and  retained  in  them  under  some  pressure. 

TToderground  channels  should  be  perfectly  dry.  Damp  channels  overcharge  the 
air  with  moisture ;  and  this  would  interfere  with  the  warming  of  the  sir ;  tltrt 
induce  the  presence  of  animal  and  vegetable  life,  which  dies  and  decajs,  and 
renders  the  air  impure. 

In  towns  where  tie  atmosphere  is  full  of  particles  of  soot  and  other  impnritieG,  the 

inflowing  air  deposits  these  particles,  and  raf'idly  blackens  any  surface  it  impngn 
on.  The  impurities  may  be  removed  bj 
passing  the  air  through  a  filter  made  d 

cotton  wool,  laid  lightly  *»  a  thickness  d 
about  half  an  inch,  on  a  copper-wlie  fnine. 
(See  FigB.  234  and  23C> 

tradi^ir  flu  «Uh 
itton  wool  giler. 

The  cotton  wool  must  be  renewed  at  intervals,  dependent  on  the  state  d  die 
ataiosphera 

Sliced  sponge  acts  equally  as  an  air-filter,  and  may  be  easily  washed,  dried,  and 
replaced. 

A  system  has  been  introduced  of  endeavouring  to  remove  impurities  &om  the 
inflowing  air  by  causing  the  current  to  come  in  contact  with  a  sur&co  of  wat^r. 
The  best  arrangement  of  this  kind  appears  to  be  the  one  shown  in  the  accom- 

panying figure,  236.  The  air  enters  from  the  outside  of  the  building,  through  tbe 
inlet  in  the  external  wall,  passes  .up  the  shaft  B,  through  the  opening  k;  it  is 
then  sucked  in  by  the  water-spray,  passes  down  the  cylinder,  a,  and  np  tjuon^ 
the  shafts,  u  on  plan,  through  the  top  of  the  apparatus  into  the  room,      Hw 
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ftiraDgement  would  probably  thoroughly  wash  fog  and  smoke  out  of  the  air  in 
London.     It  must,  however,  be 

remembered     that     in     damp  ^  \  /^ 
weather  the  plan  is  liable  to 
the     inconvenience    that     the 

water  keeps  np  the  satuiutioa 
of  the  air  with  moisture.     A 

somewhat  similar    system   has 
been  adopted  in  some  factories 
for  preventing  the  smoke  from 
polluting    the    atmosphere    by 
passing  it  through  a  chamber 
filled    with    spray ;    a    similar 
system   would    be    useful    for 
washing  the  impure  air  of  towns. 

Extraction-shafts,  when  for 
rentilation  only,  should  be 
plsced  so  as  not  to  occasion 
unpleasant  draughts.  It  is 
advisable  that,  as  far  as  po»- 
BJble,  extraction-shafts  from 
different  rooms,  the  operation 

of  which  depends  on  tempera- 
ture, should  be  independent  of 

each  other.  Where  the  rate  of 

extraction  is  sluggish  and  the 
temperature  is  low  in  the  shaft, 
there  may  arise  conditions  in 
one  room  which  may  deter- 

mine a  reverse  current,  and 
then,  when  there  is  not  a  com- 

plete separation,  the  bad  air 
from  one  room  may  be  intro- 

duced mto  another  room.  Ex- 
traction-Sues in  which  the 

temperature  exceeds  that  of 
the  enter  air  should  always  be 
srranged,  if  possible,  to  con- 

duct the  air  upwards,  so  as  t« 
**siat  its  flow.  Every  descent 
into  the  flue  has  to  be  compen- 

sated for  in  some  way,  either 
^T  extra  height  of  shaft,  tempe- 
fitnre,  or  expenditure  of  forces 

The   best  form  for  an  ex- 

traction-flue is  the  circular  form,  because  it  affords  a  maximum  of  area  with  a 
'oinimum  of  perimeter,  or  surface,  and  therefore  causes  a  minimum  of  inction. 
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By  the  best  ventilating-amngemeiits  we  can  only  get  air  of  a  certain  standard 
of  impurity ;  and  any  ventilating-arrangements  are  only  make-shifts  to  assist  in 
remedying  the  evils  to  which  we  are  exposed  from  the  necessity  of  obtaining  an 
atmosphere  in  our  houses  different  in  temperature  from  that  of  the  outer  air.  To 
obtain  that  temperature  we  sacrifice  purity  of  air;  therefore,  whenever  the  outer 
temperature  permits  it,  windows  should  be  widely  opened,  so  as  to  replace  the  air 
of  the  room  by  fresh  air  as  often  as  possible. 

^ 
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CHAPTER  LIX. 

niiutratioDB  of  Ventilation  and  Warming  HouaoB— Dining-rooniB — Smoking-roomB. 

It  is  very  difficult  to  illustrate  the  subject  of  ventilation  and  warming  by 
means  of  instances  of  the  best  methods  of  warming  and  ventilation  to  be  applied 
in  practice.  Every  house,  and  indeed  almost  every  room,  may  require  its  own 
method  of  treatment,  because  the  situation,  the  size,  the  shape,  the  materials  used  in 
construction,  the  position  of  fireplace,  of  inlets  such  as  windows,  and  outlets 
such  as  doors,  vary  in  almost  every  house,  and  each  of  these  has  an  important 
influence  on  the  question. 

The  Koman  plan  was  to  warm  the  floor  and  walls  by  carefully-managed  flues, 
which  passed  backwards  and  forwards  under  the  floor,  and  which  distributed  the 
temperature  equably  under  it.  The  floors  were  of  tiles,  and  no  doubt  without  this 
arrangement  the  cold  would  have  been  more  severe  than  with  a  wooden  floor ;  but 
this  plan  had  also  the  advantage  of  preventing  radiation  from  the  bodies  of  the 
occupants,  and  of  enabling  them  to  breathe  cool  air.  It  ensured  the  keeping  of  tlie 
feet  warm ;  possibly  the  practice  of  wearing  sandals  instead  of  woollen  socks  and 
shoes  may  have  had  some  influence  in  determining  this  mode  of  warming.  The 
fires  were  of  wood  or  of  wood  charcoal,  and  the  flues,  therefore,  were  not  so  liable  to 
be  stopped  up  with  soot  as  would  have  been  the  case  with  coal. 

The  determination  of  the  arrangement  for  warming  and  ventilating  a  house 
must  depend  upon  the  climate  in  which  a  house  is  placed,  and  on  the  size  and 
position  of  the  house.  In  a  temperate  climate,  like  pai^  of  Devonshire  and 
Cornwall,  a  very  different  arrangement  may  be  convenient  from  the  one  required  at 
liverpool  or  NorwicL  Where  the  climate  is  usually  temperate,  and  where  really 
cold  weather  is  exceptional,  it  may  be  more  convenient  to  make  each  room  self- 
contaiued  as  regards  its  manner  of  ventilation  and  warming,  and  to  provide  a 
reservoir  of  fresh  warmed  air  in  the  staircase,  passages,  and  halls,  by  means  of 

ventilating  fireplaces,  stoves,  or  hot-water  or  steam-pipes,  in  convenient  localities, 
to  warm  the  incomii\g  fresh  air.  In  such  cases,  in  each  room  a  ventilating  fire- 

place, combined  with  some  simple  form  of  outlet  or  shaft  from  the  upper  part  of  the 
room,  will  be  sufficients  The  use  of  a  fireplace  in  every  room  undoubtedly  gives 
some  trouble  in  carrying  coals ;  and  therefore,  when  on  grounds  of  economy  this  is 
an  important  object  to  be  avoided,  the  supply  of  heat  from  some  central  source 
becomes  of  advantage.  It  depends  upon  many  circumstances  whether  any  economy 
in  the  quantity  of  coal  burned  will  result  from  supplying  the  heat  for  the  whole 
house  from  one  fire.  When  separate  fires  are  used  there  is  a  large  amount  of 
saving  in  the  fact  that  the  fire  is  not  always  lighted,  and  that  when  it  is  lighted 
the  heat  from  the  direct  rays  afford  a  pleasanter  method  of  heating  than  the 
wanned  air  of  a  room  dependent  upon  other  methods. 

On  this  account  the  open  fireplace  has  always  held  its  own,  as  being  the  most 
convenient,  as  weU  as  the  most  cheerful,  means  of  warming  and  ventilating  a  room. 

The  open  fireplace  is  a  most  powerful  engine  of  ventilation  for  drawing  out 
the  air. 
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In  a  hoiiae  with  a  central  staircase,  in  the  case  of  the  temperatore  of  the  hoase 
being  greater  than  that  of  outside  air,  the  staircase  becomes  a  powerful  shaft  in 
which  the  air  moves  up  with  considerable  velocity.  It  is  often  more  powerful  ttian 

the  chimney-flue,  because  of  its  larger  size,  and  thus  it  pulls  air  down  the  chimneTs, 
and  is  often  the  cause  of  smoky  chimneys.  The  open  fires  in  the  rooms  require 

to  be  fed  with  fresh  air,  and  it  will  frequently  happen  that  the  wann-air  shaft  of 
the  central  staircase  will  combine  with  the  chimneys  to  draw  in  the  air  from 
every  available  opening.  They  will  draw  up  the  air  from  the  basement;  thej 

will  draw  it^  if  they  can,  from  the  water-closet  and  sink-pipes,  unless  the  wate^ 
closets  and  sinks  are  in  projecting  buildings  cut  off  by  lobbies  ventilated  from  tbc 
outer  air. 

For  these  reasons  it  is  of  importance,  not  only  to  provide  fresh  air  to  the 
■taircase,  but  when  open  fires  are  used,  to  make  each  room  in  which  there  is  an 
open  fireplace  dependent  on  itaelf  for  its  supply  of  fresh  air.  If  the  temperature 
ox  the  room  is  to  be  kept  up  to  a  pleasant  heat^  this  must  be  by  warmed  air. 

The  ventilating  fireplace  supplies  its  own  warmed  air ;  but  when  the  firepUce 
If  not  adapted  to  supply  warm  fresh  air  to  the  room,  the  warmed  air  must  be 
supplied  from  some  central  source  of  supply. 

This  air  must  not  be  drawn  from  the  basement^  because  the  basement  may 

contain  refuse,  and  in  many  houses  it  affords  an  opportunity  for  the  air  from  the 
surrounding  ground  to  pass  into  the  house.  This  ground-air,  in  towns  especiallv,  is 
likely  to  be  contaminated  with  escapes  of  gas  from  gaspipes  or  sewers,  and  should 
be  out  off  from  the  house& 

In  order  to  prevent  air  from  the  basement  passing  into  the  bouse,  the  air-supply 
for  the  upper  part  of  the  house  should  be  plentiful,  and  quite  independent  of  the 
supply  for  the  basements  Indeed,  as  proposed  by  Dr.  Richardson,  it  would  be 
V617  desirable  to  draw  down  the  fresh  air  from  the  roof,  if  such  a  supply  can  be 
obtained  free  from  soot 

Mr.  Sylvester  applied  the  principle  of  ventilation  dependent  upon  open  fire- 
places many  years  ago  in  private  housea  At  a  large  country  house  in  the  midland 

counties,  he  brought  the  fresh  air  from  a  tower  about  twenty  to  thirty  feet  high, 
placed  about  fifty  yards  from  the  house,  along  an  underground  brick  and  cemented 
channel  of  three  feet  by  two  feet,  to  a  chamber  under  the  house  on  the  level  of  the 

back  yeird,  but  below  the  living-rooms.  Here  it  was  warmed  by  numerous  hot- 
water  pipes,  the  temperature  of  which  was  never  allowed  to  reach  the  boiling-point, 
because  the  heating-surface  of  the  pipes  was  arranged  to  take  away  the  heat  more 
rapidly  than  the  boiler  generated  it  The  air  passed  thence  into  the  hall,  the  back 

staircases,  the  corridors,  and  by  flues  in  the  walls  up  to  each  of  the  sitting- 
rooms  and  bed-rooms,  so  as  to  supply  to  each  room  warmed  air  in  place  of  that 
removed  by  the  fireplaces.  The  principle  on  which  the  warmed  air  was  supplietl 

was  that  its  temperature  should  never  exceed  54°  to  56°,  it  being  intended  that  the 
additional  heat  should  be  supplied  by  ficeplaces  in  the  rooms,  which  formed  a  neces- 

sary adjunct  to  this  system  of  warming  and  ventilation,  because  by  them  the  extrac- 
tion of  air  from  the  rooms  took  placa  The  arrangement  was  such  as  to  preserve 

an  equable  temperature  and  to  prevent  draughts. 
The  main  principle  of  the  arrangement  was  to  retain  the  open  fireplace  and 

chimney  as  the  extraction-outlet  for  every  room,  and  by  slightly  opening  a  windo»' 
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at  the  iap  of  the  Bturcaae  the  w&rmed  air  in  the  coiridors  and  staircase  formed  a 

contiuaatly-ascendiug  current. 
MeuTB.  Diyadale  and  Hayward  have  erected  a  house  with  the  following  armnge- 

mentg  for  combined  wanning  and  ventilation  which,  as  being  founded  on,  principles 
abioat  the  direct  opposite  of  the  plans  adopted  by  Mr.  Sylvester,  may  be  advan- 
tsgeoDsly  described  here  (Fig.  237). 

The  house  oonsists  of  basement,  ground  floor,  and  fint,  second,  and  third  floors. 
The  bosement  (l)  is  devoted  principally  to  the  collection  and  warming  of  the  fresh 

Fig.S37. 

air.  On  the  ground  floor  (o)  are  the  cellars,  a  ball-room,  two  professional  rooms,  a 

gentlemen's  cloak-room,  and  water-closet,  and  the  main  entrance,  with  vestibule  and 

stairs,  lobby,  and  servants'  entrance  and  lobby.  The  first  floor  (h)  is  the  living  floor  ; 

on  this  is  a  drtiwing-room,  with  ladies'  dressing-room  and  water-closet ;  a  dining-room, 

■ith  chinsrcloset ;  and  a  kitclien,  with  cook's  pantry,  larder,  scullery,  and  butler's 
puitry.  The  second  floor  (i)  consists  of  the  family  bedrooms  (four),  with  breakfastr 

mom,  housemaid's  clwjet,  b»th-room,  and  water-closet ;  and  the  third  floor  (J>  of  the 

Mrrante'  bed-rooms  (four),  with  children's  play-room,  store-room,  and  two  water-cistern 
rooms.     And  above,  beneath  the  ridge  of  the  roof,  is  the  foul-air  chamber  (f),  into 
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which  the  vitiated  air  of  all  the  rooms  of  the  house  is  collected,  and  from  which  it 
ia  drawn  by  the  kitchen  fire,  by  means  of  a  shaft  passing  down  to  the  ground  floor, 

and  then  ascending  behind  the  kitchen  fire  and  up  the  kitchen  chimney-stack  round 
the  smoke-flu&  This  feature  of  the  arrangement  is  open  to  question,  as  it  is  to 
some  extent  a  waste  of  power  to  draw  the  air  from  the  top  of  the  house  down  to 

the  ground  floor  to  be  sent  up  the  outlet-shaft  behind  the  kitchen  chimney. 
The  principal  part  of  the  house  consists  of  a  front  and  back  block,  eadi  of  about 

thirty -three  feet  by  twenty  feet,  with  a  lobby  nine  feet  wide  between  tiiem,  running 
north  and  soutL  This  central  lobby  is  the  warmed-air  corridor  or  ventilating-lobbj ; 

it  is  lighted  by  a  window  at  its  south  end  by  day,  and  by  Rickets's  globes  at  night ; 
and  it  is  shut  off  at  its  north  end  from  the  main  staircase,  vestibule,  and  front 

entrance  by  vestibule  doors.     Out  of  it  open  all  the  principal  rooms  of  the  house; 
The  front  entrance,  with  the  vestibule  and  main  staircase,  twelve  feet  wide,  are 

placed,  not  in  the  centre,  but  at  the  north  end  of  the  house. 
The  main  staircase  runs  between  the  vestibule  in  front  and  the  kitchen  stairs 

behind,  and  is  lighted  by  an  ample  skylight  The  servants'  entrance  and  lobby  are 
behind  the  ventilating-lobby,  and  the  servants'  stairs  run  up  between  the  main  stair- 

case in  front  and  the  kitchen  behind  By  this  arrangement  the  lobby,  into  which 
opens  the  door  that  lets  in  the  cold  air,  by  being  frequently  opened,  is  shut  off  from 
that  out  of  which  the  living-rooms  open. 

The  central  corridor  serves  as  a  lobby  to  the  rooms  on  each  floor. 

Along  the  centre  of  the  ceiling  of  each  storey  of  the  central  corridor  is  an  orna- 
mental lattice-work,  two  feet  wide,  and  along  each  side  of  the  floor  above  is  an  iron 

grating,  one  foot  wide ;  these  allow  the  warmed  air  to  ascend  from  the  lobby  beneath 
to  the  lobby  above,  but  the  floors  check  it  for  the  supply  of  each  storey,  and  prevent 
it  from  rising  directly  to  the  top  one,  as  it  would  in  a  stairs  lobby. 

The  incoming  air  is  warmed  by  an  apparatus  on  the  high-pressure  system,  by 
which  the  pipes  are  heated  to  a  high  temperature.  A  Perkins  furnace  is  fixed  in 

the  basement  of  the  stairs  lobby  ;  the  flow-pipe  is  carried  up  to  and  along  the  bed- 
room lobby ;  it  is  then  brought  down  and  along  the  picture-gallery  ;  and  after  that, 

brought  down  to  the  opening  in  the  ceiling  of  the  basement  of  the  central  lobby, 
which  it  covers^  running  backwards  and  forwards  the  whole  length  ten  times. 
Fresh  air  enters  into  the  lower  part  of  this  basemen t^  and,  rising,  is  heated  by  the 
heated  pipes,  and  then  passes  through  into  the  lobby  of  the  ground  floor,  and  thence 
into  the  lobby  of  the  first  floor,  and  thence  into  that  of  the  second  floor,  and  thence 
into  that  of  the  third  floor,  so  that  the  central  corridor  is  filled  from  the  ground 

floor  to  the  attics  with  fresh  warmed  air,  and  may  be  kept  permanently  at  65"*,  or 
upwards,  the  winter  through.  Above  the  attic  floor  this  corridor  is  continued  up 

to  the  roof,  and  made  into  an  air-tight  chamber  (f;,  under  the  ridga  of  the  roof,  to 
receive  the  outlets  of  vitiated  air-flues  from  the  different  rooms  of  the  house.  Out 

of  this  central  corridor  all  the  principal  rooms  of  the  house  open ;  and  out  of  it, 
and  out  of  it  only,  they  receive  their  supply  of  fresh  air.  The  cornice  round  the 
ceiling  of  this  corridor,  and  that  of  eax^h  of  the  rooms  opening  out  of  it,  has  a  lattice 
central  enrichment,  7  inches  deep,  and  the  wall  between  these  two  cornices  is 
perforated  by  as  many  7  inch  by  5  inch  openings  as  the  joists  will  allow,  so 
that  the  fresh  air  has  a  free  passage  from  the  corridor  into  the  rooms,  even  when 
the  doors  are   shut.      The  drawing-room  has  19  of  these  7  by   5  inch  openings, 
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making  an  inlet  for  fresh  air  of  over  4^  square  feet,  distribated  along  the  whole 

length  of  the  wall  of  the  opposite  side  of  the  room  to  the  fireplace.  The  dining- 
room  has  fifteen  of  these  openings,  making  an  inlet  of  considerably  over  3|  square 
feet  Over  the  gasalier  in  the  centre  of  the  ceiling  of  each  room  is  a  perforated 
ornament,  covering  a  9  inch  square  opening  into  a  zinc  tube,  9  inches  by  i^ 
inches,  making  an  outlet  for  the  foul  air  of  40^  squsu:^  inches.  This  zinc  tube  goes 

along  between  the  joists  of  the  ceiling  into  a  9  inch  by  4^  inch  fine  in  the  brick- 
work of  the  wall,  between  the  corridor  and  the  room  above,  where  it  is  regulated  by 

a  valve.  This  flue  rises  up  inside  the  wall,  and  opens  into  the  foul-air  chamber 
formed  underneath  the  roof  of  the  corridor.  The  flues  from  the  rooms,  as  well  as 

those  from  the  kitchen,  hall,  water-closets,  and  back  staircase,  open  separately  into 
this  chamber. 

From  this  chamber  a  downcast-shaft  (c)  goes  straight  down  to  below  the  first 
floor,  and  rises  up  behind  the  kitchen  fireplace  (d),  where  it  is  flat,  6  feet  by  1  foot ; 
it  is  then  collected  into  a  somewhat  square  shaft  (e),  32  inches  by  26  inche&  Up 
the  centre  of  this  shaft  runs  a  circular  earthenware  smoke-flue  from  the  kitchen 

fire,  the  outside  diameter  of  which  is  18^  inches,  leaving  a  foul-air  shaft — ^the  upcast 
— surrounding  the  smoke-flue;  and  these  together  form  a  large  chimney-sta.ck,  which 
is  carried  up  to  a  greater  height  than  any  other  chimney  of  the  house. 

The  warming  and  ventilstioii  of  a  house  by  hot-water  coils,  and  without  any 
fireplaces,  is  shown  in  the.  annexed  sketch  (Fig.  238).  It  is  the  method  sug- 
gested  by  Mr.  K.  Ronton  Gibbs,  of  liverpooL  The  sketch  explains  the  general 
arrangement.  It  is  based  similarly  to  the  last  plan,  upon  adopting  the  central  hall 
or  staircase  for  a  reservoir  of  fresh  warmed  air  from  which  the  rooms  obtain  their 

supply.  There  is  much  to  be  said  in  favour  of  this  plan  in  an  ordinary  house, 
provided  care  be  taken  to  keep  the  central  hall  free  from  all  impurities. 
It  is  sufficient  to  observe  that  the  ventilation  depends  for  its  efficient  action 

upon  the  extraction-shafts  carried  from  each  room  to  a  foul-air  chamber  in 
the  roof,  in  the  floor  of  which  hot-water  pipes  are  placed.  These  cause  an  up- 

ward current,  which  carries  ̂ the  foul  air  away  through  a  ventilating-turret  The 
fresh  air  which  replaces  the  foul  air  is  supplied  either  warmed,  or  else  direct  from 
the  outer  air,  through  vertical  tubes  in  the  outside  walls.  The  warmed  fresh  air  is 
brought  from  above  the  level  of  the  ground  through  a  screen,  to  free  it  from  dust, 

to  a  chamber  under  the  wall,  whence  it  passes  through  coils  of  hot-water  pipes  into 
the  halls  and  staircases,  which  form  a  reservoir  of  fresh  warmed  air.  A  perforated 
cornice  below  the  ceiling  of  each  room,  and  opening  into  the  staircase,  allows  this 
air  to  pass  from  the  staircase  into  the  rooms.  As  an  additional  source  of  heat,  a 

hot-water  pipe  is  carried  along  the  wall  of  each  room. 
Many  other  methods  of  warming  and  ventilating  a  house  have  been  proposed, 

and  notably  one  by  Messrs.  Boyle. 
These  specimens  are  mentioned  as  illustrations  of  various  methods  which  have 

heen  proposed,  not  as  methods  to  be  blindly  copied,  because  to  each  some  objections 
may  be  urged. 

Many  of  these  systematised  arrangements  are  based  on  heating  the  air 
of  the  house  to  a  high  temperature,  whereas  it  is  desirable  if  possible  to  keep 
the  walls  warm  and  the  air  cooL  Moreover,  these  arrsuigements  are  liable 

to  the  inconvenience  that  at  times  the  apparatus  on  which  they  depend  may  be 
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liable  to  be  oat  of  order.  They  have  numerous  flues,  which,  when  new  and  in  good 
order,  work  well ;  but  the  flues  are  not  easily  accessible,  would  be  very  difficult  to 
dean,  and  after  the  lapse  of  years  they  may  become  clogged  with  dust,  and  fail  to  act 

A  cobweb  in  a  flue  has  been  found  to  prevent  fdmost-  entirely  the  flow  of  air. 
On  these  grounds  it  is  often  desirable  to  keep  each  part  of  a  house  as  self-dependent 
as  possible  for  its  ventilation  and  warming. 

There  is  one  condition  which  occurs  in  large  houses  for  which  provision  is 

scarc^y  ever  made — ^that  is,  for  the  case  of  large  partie&  Dining-rooms  are  filled 
with  guests,  with  lights,  and  with  servants,  whilst  no  provision  is  made  for  change 
of  air.  The  atmosphere  becomes  loaded  with  scent  of  flowers,  the  fumes  of  the 
viands,  the  impurities  from  the  combustion  of  the  lights,  and  the  foul  air  from 
the  breath.  The  guests  lose  their  brightness,  they  feel  dull,  and  next  day  they 
often  have  headache.  Similarly  at  lai^e  evening  parties,  the  lights,  the  numerous 
guests,  all  fill  the  air  with  an  impure  atmosphere  which  is  most  oppressive,  and 
frequently  most  offensive ;  and  at  balls  the  eflect  of  the  exercise  of  dancing  is  to 
ensure  the  bad  condition  of  the  atmosphera  All  this  could  easily  be  avoided,  but 
it  requires  due  provision  to  be  made  for  ventilation.  It  may  be  fairly  asked  why 
should  not  the  host  feel  himself  equally  bound  to  give  his  guests  pure  air  as  to  give 
them  brilliant  flowers,  bright  lights,  good  cooking,  and  rare  wines.  Pure  air  would 
cost  him  little  in  comparison,  but  it  is  not  seen,  and  therefore  it  has  been  little 
thought  of.  It  should  be  regarded  as  an  axiom  that  all  rooms  subject  to  be  used 
for  special  receptions,  such  as  rooms  at  hotels  where  public  dinners  or  balls 

are  held,  large  dining-rooms  and  reception-rooms  in  private  houses,  should  be  pro- 
vided with .  means  of  ventilation  proportioned  to  the  number  they  are  destined  to 

hold  For  this  purpose,  when  the  room  is  only  occasionally  subject  to  be  occupied 
by  large  numbers,  special  modes  of  extraction  or  of  forcing  in  air,  to  be  applied 
during  the  reception  or  dinner,  would  probably  be  found  to  be  most  advisable, 
because  the  large  amount  of  change  of  air  necessary  in  a  lai^e  assembly  might  be 

found  unpleasant  in  a  small  one.  In  these  days,  when  gas-engines  will  be  soon  a 
necessary  adjunct  to  every  house,  fans  to  be  worked  by  the  gas-engine  when  required 
might  be  the  easiest  arrangement 

M.  Joly,  of  Paris,  has  proposed  to  force  air  into  dining-rooms  at  banquets  and 
into  crowded  ball-rooms  by  means  of  a  fan  worked  by  hand,  to  relieve  them  from 
the  fearful  oppression  which  is  produced  on  such  occasion&  He  carries  a  perforated 

tube,  which  for  temporary  purposes  may  be  of  gutta-percha,  round  the  cornice  of 
the  ball  or  banquet-room,  and  connects  this  by  another  tube  with  a  fan  to  be  worked 
by  hand  during  the  evening  when  the  rooms  are  full  Thus  a  constant  current  of 
cool  fresh  air  is  forced  into  the  room,  and  descends  on  to  the  occupants.  It  would, 
of  course,  be  preferable  to  have  the  rooms  as  originally  constructed  provided  with 
shafts  to  carry  off  the  heated  air,  and  inlets  to  admit  fresh  air.  These  should  be 
proportioned  to  the  full  occupation  of  the  room,  but  provided  with  valves  to  limit 
their  operation  to  suit  different  numbers  of  occupants. 

Mr.  Verity,  of  London,  proposes  to  propel  air  into  rooms  by  means  of  a  fan 

worked  by  water-power  brought  down  from  a  cistern  at  the  top  of  the  house.  The 
following  is  a  description  of  the  arrangements  thus  proposed. 

The  ventilator  somewhat  resembles  in  appearance  an  ordinary  gas-meter,  and 
occupies  about  the  same  space.    A  cistern  is  placed  in  the  highest  available  position 
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in  the  bailding  in  which  the  appamtns  ia  to  be  used,  and  a  |«inch  pipe  ooaveys  die 
water  to  the  machina  The  internal  meohaniflm  consiBta  of  a  drum,  with  a  set  of 

&na»  woriced  b j  a  fly-wheel,  placed  in  the  centre  and  on  the  same  axis  as  the  fans. 
Two  pin-hole  jeta  of  water  directed  on  to  the  flj-wheel  put  these  fans  in  rapid 
motion.  The  £ans  draw  in  the  air  from  the  outside,  and  propel  it  into  the  room 
through  inlets  provided  for  the  purpose. 

The  water,  after  leaving  the  wheel,  is  dischaiged  through  small  orifices  in  a 
shower  across  the  inlet-tube  so  as  to  wash  dust  and  soot  out  of  the  incoming  air,  aod 

Tig.  899. 

finally  passes  off  by  a  pipe  into  a  lower  cistern.  In  the  event  of  requiring  a  dry 
atmosphere  through  the  apparatus,  this  can  be  had  by  turning  a  tap  which  causes 
the  water  from  the  wheel  to  pass  off  direct.  A  chamber  is  provided  in  the  inlet-tnbe 
for  ice  to  cool  the  air  in  summer,  and  a  box  can  also  be  added  for  the  introduction  of 
fumes  from  scents  or  from  di8infectant& 

A  velocity  of  current  of  from  15  to  20  feet  per  second,  and  even  more,  maj,  if 
desired,  be  obtained.  The  volume  of  the  air  passed  through  the  machine  ^iiries 
according  to  the  size  of  the  fans,  and  may  be  regulated  to  any  required  d^ree  bj 
checking  the  flow  of  water  against  the  fans,  by  turning  the  tap.  The  accompanjing 

sketch  (Fig.  239)  shows  the  manner  in  which  Mr.  Verity  applied  these  fans  to  a 
room.  The  vitiated  air  is  drawn  off  from  an  opening  in  the  ceiling  connected 
with  a  shafts  at  the  top  of  which  is  placed  some  form  of  coiL 
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In  cottages  and  artisans'  dwellioga  it  is  very  difficult  to  secure  ventilatioa  Ven- 
tilating-openings  in  such  rooms  are  almost  certain  at  times  to  produce  »  feeling  of 
cold  or  draught,  and  then  to  be  closed.  For  living-rooms  in  cottages  the  fireplace 
alvays  produces  ventilation :  but  in  the  small  cottage  rooms  it  is  very  liable 
to  produce  drought  A  fireplace  for  admitting  warmed  air  was  adopted  for 

married  soldiers'  quarters  in  the  British  army  which  might  be  more  generally 
applied  to  artisana'  dwellings.  This  gnte  is  shown  in  the 
Eumezed  sketch  (Fig.  240).     These  grates  have  been   made  ||^^^|fc_ 
for  the  War  Department  by  Messrs.   Benham,  of  Wigmore  L^^^H^ft 
Street,  London.      They  have  a  small  oven,  and  an  open  fire ;  ̂ ~~*|iMl 
vanned  air  is  introduced  into  the  room  b; 
flue  carried  up  from  the  fire-brick  lining  o 
the  chimney,  and  introduced  into  the  nxm 
through  a  louvred  opening  ;    by  this  meani 
fiiQoke  is  utilised  to  warm  the  air  admittf 

This    description   of    grate  was   devised 
for  the  purpose  of  combining  a  power  of 

cooking  for  a   cottage  with  great  com- 
pulsory economy  of  fuel 

For  aleeping'rooms  in  cottages  the 
safest  plan  is  to  make  the  room  as  near 
10  feet  high  as  possible,  with  sash-windows 
earned  nearly  up  to  the  ceiling,  and  every 
room  should  have  a  fireplace ;  for  although 
it  may  not  be  used  oft«n  it  will  ensure 
eome  d^ree  of  ventilation. 

In  cottages,  as  in  the  dwellings  of 
artisans  in  towns,  it  seems  remarkable  that 
gas  is  not  more  utilised  than  it  is.  It 
would  almost  seem  as  if  at  present  the 
arrangements  for  heating  and  cooking 
by  means  of  gas  were  in  advance  of  the 
intelligence  of  the  aga  Gas  is  economical 
if  carefully  managed ;  but  gas  Is  decidedly 

expensive  if  it  is  kept  lighted  after  the  actual  necessity  for  its  use  has  ceased.  It 
ures  the  trouble  and  dirt  which  coal  entails  ;  it  is  always  to  hand  ;  it  never  wants 

looking  to  whilst  it  is  performing  its  work;  it  can  be  extinguished  when  its  work  is 

doncL  In  this  lies  its  economy;  but  with  a  careless  housewife,  who  leaves  it  burning 

after  it  has  done  ita  work,  it  will  be  found  much  more  expensive  than  coal ;  there- 

tore  in  lai^  establishmente  it  has  been  found  wasteful  For  cottages  it  ought  to 
be  very  economical  Where  the  mistress  does  her  own  cooking  and  washing,  4c, 

it  would  be  eminently  advantageous.  At  the  present  time  apparatus  designed  to 

meet  the  waste  rf  the  small  household  are  not  so  iwrfect  as  they  should  be. 

1,  KrB-loinp  wlUi  n 
Pig.  MO. 

i-tb  flne  tfaronirli  btci;  a. 
,    _,  ,   ,»  socket  on  hob.  InlenKthB 
d[  in.  SlD.  each:  o.  Bend  to  lit  aooket  ot  tbe  kIuts 
pLpfl:i>,  Blonth-pUco  with  lourra  front  to  St  on 
barid.  Ho.  1  or  IhoH  6  in.  lou  nipplied  with  each 
Tsuga.  Inor^aed  hutuv^or&ce  lor  the  hot  Kit  la 
pTovlded  bj  msuu  ot  k  gratlog  Inalde  tlie  Boket 
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CHAPTER  LX. 

OBSBRTATIONS  ON    COMBINRD  SYSTEMS   OF   HEATING. 

There  ought  to  be  considerable  economy  in  a  system  of  combined  heating  for 
small  tenements.  An  arrangement  which  whilst  economising  fuel  would  preTent 
smoke,  would  be  of  enormous  advantage  as  a  means  of  preserving  a  greater  purity  of 
atmosphere  than  now  prevails  in  large  town&  But  so  long  as  coal  is  cheap,  so  long 
as  people  are  allowed  to  vomit  smoke  from  all  their  private  chimneys,  and  so  long 
as  the  chimney-sweep  is  allowed  to  push  out  all  the  soot  into  the  air  at  a  convenient 
level  for  polluting  the  air  for  breathing  purposes,  so  long  will  any  improvements  in 
this  respect  be  deferred. 

The  use  of  gas  would  no  doubt  remove  these  disadvantages,  but  it  is  notewortJiv 
that  in  the  United  States  a  combined  system  has  been  put  in  operation,  and  this 
has  been  by  means  of  steam.  We  have  already  shown  that  steam  is  espedfiUj 

applicable  to  heating-purposes  under  certain  conditions  ;  as,  for  instance,  in  large 
buildings,  or  where  the  heat  has  to  be  conveyed  long  distances.  It  has  been  appUed 
for  warming  houses  from  central  depots  on  a  large  scale  in  the  United  States,  upon 
a  plan  devised  by  Mr.  Holly.  The  system  is  also  in  operation  at  Springfield,  Mass.; 

Denver,  CoL;  Detroit,  *  Mich. ;  Lynn,  Mass.;  Auburn,  N.  Y.;  and  other  places. 
This  system  appears  to  have  arisen  from  the  advantages  accruing  to  workmen,  from 
having  power  supplied  to  them  on  a  combined  system.  Thus  it  was  found 

convenient  for  persons  who  had  steam-engines  to  combine  to  obtain  steam  from 
one  source  of  supply,  and  it  followed  that  heat  might  be  conveniently  supplied  on 
the  line  of  the  steam-pipes.  The  following  is  a  brief  account  of  the  principal 
features  of  the  arrangement : — 

The  steam  is  generated  at  a  central  boiler-house.  Mr.  Holly  recommends  the 

Murphy  Smokeless  Furnace,  with  regard  to  which  he  says : — "  The  perfect  com- 
bustion and  consequent  total  abolition  of  smoke  from  bituminous  coal,  and  relative 

economy  in  the  production  of  steam,  are  not  the  only  points  of  superiority,  as  its 
cleanliness,  ease  of  management,  and  saving  of  labour  are  almost  equally  important 
The  stoking  of  the  boiler  resolves  itself  merely  into  dumping  the  coal  from  cars  into 
the  bin  above  the  firebox  in  front  of  the  boiler,  and  occasionally  pulling  it  towards 

the  feed.  A  little  engine  carries  it  into  the  coking-chamber,  dumps  it  at  the  proper 
time  on  the  grate-bars,  and  by  means  of  levers  moving  the  shake-bars  to  and  fro 
slowly,  clears  the  bars  of  ashes.  The  doors  are  never  opened,  and  one  attendant, 

without  a  fireman's  skill,  will  manage  a  battery  of  six  boilers  worked  by  the  same 

power." The  steam  is  supplied  from  a  central  ̂ re  to  a  large  number  of  houses  for 
domestic  purposes,  and  thus  the  necessity  of  having  separate  fires  in  each  house  is 

avoided.  In  1880  there  were  300  consumers  in  Lockport^  and  four  miles  of  pipe. 
The  system  had  then  been  in  operation  four  years.  The  houses  are  heated  from 

the  central  supply  through  about  four  miles  of  mains  made  of  ordinary  lap-welded 

wroughtriron  steam-pipe,  radiating  from  the  boiler-house. 
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To  prevent  cODdenaation  the  pipes  are  wonnd  about,  first  with  asbestos,  followecl 

by  hair  felting,  porous  paper,  manilla  paper,  finally  thin  strips  of  wood  laid  on 

lengthwise,  aztd  the  whole  fastened  together  by  a  copper  wire  wound  spirally  over 

Fig,  2U.— BtauD  Hndn;-i7atoii]  In  America. 

*1L  This  is  thrust  into  a  wooden  log,  bored  to  leave  an  intervening  air-chamber 

''rtween  the  pipe  and  wood,  and  of  siiflicient  size  to  Irsv*!  from  three  to  five  inches 

of  wood  covering.  The  elasticity  of  the  wrappin^a  permits  the  free  oxpanaion  and 

uatraction  of  tiie  pipe  irrespective  of  the  wood  log,  which  is  securely  anchored 
43 
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and  made  immoyable.  The  whole  is  placed  in  a  trench  a  short  distance  below  the 
surface  without  regard  to  frost  At  the  bottom  of  the  trench  is  laid  an  eartheu 

tile  drain,  to  cany  off  any  earth-moisture,  and  in  order  further  to  ensure  the 

continuous  dryness  of  the  wood  log  enclosing  the  pipe,  if  desired,  one-and-a-half- 
inch  planks  are  fastened  around  the  log,  leaving  an  air-space,  and  the  whole  daubed 
with  coal  tar  and  covered  with  eartL 

The  largest  mains  in  use  at  present  are  ten  inches ;  they  diminish,  in  proportion 
to  the  steam  to  be  conveyed,  to  two  inches. 

Experiment  and  practice,  verified  in  fifteen  cities,  show  that  the  most 
economical  pres.sure  to  be  maintained  in  the  mains  is  from  401b.  to  601b., 
although  in  some  cities  70  lb.  has  been  used.  Experience  with  large  mains  is  yet 
limited,  10-inch  being  the  largest  in  use.  By  calculation,  the  condensation  &t 

60  Ih  pressure  is  stated  to  be,  in  3-inch  pipes,  per  mile,  2*6 ;  in  6-inch  pipes,  p^ 
mile,  2*0;  in  12-inch  pipes,  per  mile,  0'7.  The  condensation  in  lai^  pipes  is 
greater,  but  the  relative  percentage  less. 

The  experience  of  Detroit  demonstrates  the  fact  that  60  lb.  pressure  could  be 

maintained  in  four  miles  of  10-inch  and  6-inch  pipes,  against  the  draughts  for 
power  and  heat  along  the  line.  The  capacity  of  a  6-inch  pipe  at  60  lb.  pressure 
may  be  estimated  thus  : — ^A  6-inch  pipe  at  60  lb.  pressure  will  discharge  102  cubic 

feet  per  second  A  horse-power  is  one  cubic  foot  of  water,  or  1*712  cubic  feet  of 
steam,  or  427  cubic  feet  of  steam  per  second.  Therefore,  a  6-inch  pipe  at  601b. 

pressure -will  supply  216  horse-power  per  mile,  suid  the  same  amount  of  steam  will 
supply  3,000  consumers  per  mile,  averaging  12,000  cubic  feet  of  air-space  to  be 
heated. 

The  expansion  and  contraction  of  metallic  pipes  between  32^  and  the  heat  of 
steam  at  60  lb.,  say,  307°,  is  provided  for  by  a  junction  and  service-box.  These  are 
placed  at  convenient  intervals  along  the  line  of  100  feet  to  200  feet  The  arriving- 
pipe  from  the  boilers  is  inserted  by  a  nickel-plated  extension  or  telescopic  joint, 
made  steam-tight  by  passing  through  a  stuffing-box.  The  departing-pipe  is 
immovably  attached  to  the  box,  so  that  one  end  of  each  100  feet  of  pipe  is  fast  and 
the  other  movable,  affording  free  play  to  the  expansion  and  contraction. 

All  service-pipes  are  taken  from  the  junction-box,  which  is  securely  bolted  to 
the  masonry  and  anchored  to  the  pipes.  The  bottom  of  the  box  being  placed  lower 
than  the  pipes,  all  water  condensation  is  carried  forward  and  deposited  in  it^  to  be 
taken  up  subsequently  as  entrained  water,  and  reconverted  into  steam,  at  lower 
pressure,  as  the  steam  passes  through  the  reduction-valve. 

At  each  point  of  consumption  there  is  a  cut-off,  under  the  control  of  the 
consumers. 

The  supply-pipes  from  the  mains  to  the  houses  are  li  inches  in  diameter,  and 
within  each  house  |  in.  pipes  are  used. 

In  addition  to  the  cut-off  tap  from  the  main,  under  the  control  of  the  consumer, 
there  is  a  pressure-valve  or  regulator,  by  means  of  which  the  pressure  of  steam  is 
reduced,  and  the  supply  to  the  building  regulated  automatically  and  with  unerring 
precision.  This  is  accomplished  by  two  diaphragms  of  rubber  packing,  acted  upon 
by  weighted  levers,  and  moving  two  slide-valves.  The  first  valve  is  weighted 
to  10  lb.,  and  the  second  to  5  lb.  or  2  lb.  if  required. 

After  the  steam  has  passed  the  valves  of  the  regulators,  it  enters  the  meter 
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placed  above  the  regulator  at  a  uniform  pressura  This  meter  resembles  in  its 

movements  those  of  a  55-day  American  clock  :  as  the  steam  passes,  the  move- 
ments are  made  to  rotate  a  screw,  upon  which  hangs  a  pointer  moving  along  a 

dial ;  each  revolution  registers  an  arbitrary  unit,  the  value  .of  which  has  been 
previously  ascertained  by  weighing  the  water.  The  clock  marks  the  time  and  the 
register  the  quantity,  both  of  which  being  always  uniform  at  any  given  pressure, 
absolute  accuracy  may  be  obtained. 

The  distribution  of  heat  in  the  apartments  is  by  means  of  radiators  (Fig.  241), 
consisting  of  inch  pipes  about  thirty  inches  long,  placed  vertically,  either  in  a  circle 
or  in  a  double  row,  and  connected  together  top  and  bottom.  Steam  is  admitted  at  the 

top  in  such  quantity  as  desired,  the' bottom  being  open,  the  amount  of  radiating-sur- 
faoe  being  determined  by  the  amount  of  steam  ;  thus,  a  little  steam  will  occupy  the 
upper  portion  of  the  tubes,  the  lower  portion  being  cool,  the  amount  admitted  being 
controlled  by  an  inlet  valve,  so  adjusted  that  the  temperature  of  a  room  may  be 
maintained  at  a  low  degree  or  raised  to  the  full  capacity  of  the  radiator,  and  is 
easily  controlled  by  a  thermostat  applied  to  each  radiator,  so  arranged  as  to  open 
and  close  the  valves,  admitting  steam  to  the  radiators :  this  valve  may  be  set  to 
operate  within  any  ten  degrees  of  temperature,  so  that  the  heat  of  a  room  may 
be  automatically  maintained  at  any  point  desired. 

The  advantage  of  this  form  of  radiator  is  its  economy  and  ease  of  graduating  to 
all  weather.  A  small  portion  may  be  made  hot,  while  the  remainder  is  cold.  The 
steam  and  water  of  condensation  give  off  all  their  heat,  and  there  being  no  valve  in 

the  retum>pipe,  and  no  pressure,  there  is  no  cracking  and  sputtering  noise  as  in 
pressure  radiators.  A  quarter-inch  pipe  will  supply  steam  for  radiators  for 
vanning  6,000  cubic  feet 

The  condensed  water  from  the  radiators  is  conducted  in  protected  pipes  from  all 
parts  of  the  buOding  where  steam  has  been  used  back  into  the  basement  through 
the  trap  into  coils  of  pipes  set  in  a  brick  chamber ;  into  this  chamber  cold  air  is 
admitted  from  the  outside  of  the  building  as  in  an  air-furnace,  and,  coming  in 
contact  with  the  coils  of  hot  water,  abstracts  the  remaining  units  of  heat,  and 
passes  up  through  the  registers  into  the  rooms  above  as  warm,  pure  air ;  while  the 
water,  now  cold,  passes  into  the  well  for  future  use,  if  required. 

The  trap  is  a  simple  device  to  permit  the  escape  of  the  water  of  condensation, 
while  retaining  the  steam.  The  trap  is  a  vertical  cylinder  at  the  bottom  of  the 

return-pipe,  in  which  is  placed  a  bucket  suspended  by  a  lever  connected  with  a 
valve  which,  when  raised,  opens  the  pipe  leading  from  the  bottom  of  the  trap. 
This  bucket  is  balanced  when  fuU  of  water,  but  when  the  overflow  fills  the  outer 

vessel  the  bucket  rises,  opens  the  valve,  and  the  water  below  escapes. 

The  laid-on  steam  may  be  used  for  certain  cooking-purposes.  Hot  water  for 
nse  may  be  had  at  any  moment,  day  or  night,  by  means  of  a  novel  apparatus  like 

the  sprinkler  of  a  watering-pot,  attached  by  a  rubber  tube  to  any  radiator  or  pipe 

in  the' house,  and,  in  an  incredibly  short  time  any  quantity  can  be  boiled  without 
noise  or  slop ;  for  example,  a  bucket  of  water  can  be  heated  in  three  minutes,  and 
sufficient  for  a  bath  in  ten  minutes. 

For  baking  and  roasting,  superheated  steam  is  required,  although  both  animal 
and  vegetable  food  can  be  cooked  at  the  temperature  of  boiling  water  ;  to  brown 
meats,  to  broil  beef  steak,  and  form  the  crust  of  bread,  requires  a  temperature  of  not 
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less  than  300^  to  420*  degnea  of  Jbeat,  being  an  amount  due  to  a  steam-preBBore  of 
60  lb.  to  350  lb. 

In  Germany,  bread  is  baked  in  ovens  heated  by  steam  at  high  pressure^  and 
French  cooks  have  long  been  in  the  habit  of  preparing  their  nicest  broils  of  delicate 

game  by  high-pressnre  steam.  It  is  stated  that  the  Silsbee  oven  is  arranged  for 
super-heating  the  steam  by  means  of  gas,  to  make  it  applicable  for  purposes  of 
baking,  broiling,  and  roasting. 

It  is  alleged  that  this  stove  is  capable  of  performing  all  the  duty  of  the  best 
cooking-stoves  in  use,  without  inconvenience,  with  satisfactory  results,  and  in  a 
short  time. 

As  in  the  case  of  gas-supply,  the  Steam  Sup{^y  Company  lay  their  pipes  up 
to  the  houses,  the  consumer  paying  for  all  internal  pipes,  fittings,  and  radiators. 

In  a  moderately-sized  eight-roomed  house,  the  expenses  of  these  have  been 
stated  to  amount  to  about  150  dollars,  or  a  trifle  over  £30 ;  and  in  a  larger  house, 
with  more  expensive  fittings,  500  dollars,  or  about  £100. 

In  the   matter  of  the   expense   <^   this   system,  the   facts   at  hand  are  not 
sufficient  to  show  the  economical   results.      The  houses  supplied  have  not  been 

continuous,  and  consequently  the  length  of  main  per  house,  and  the  loss  for  con- 
densation per  house,  have  been  greater  than  would  otherwise  be  necessary.     In 

the  absence  of  all  previous  experience  as  to  the  cost  of  manufacturing  and  dis- 
tributing  steam,  the    Company,   when  they  commenced  operations  at  Lockport, 

supplied  heat  at  a  price  equal  to  the  previous  average  cost  of  coal  to  eadi  con- 
sumer, with  satisfactory  results  to  all  concerned.     As  an  example,  the  school-house 

measured  105,000  cubic  feet  of  air-space  to  be  heated.      The  average  annual  cost 
of  fuel,  labour,  repairs,  &c,  had  been  $649.00;  of  this  $300.00  was  for  the  item 
of  coal     The  Company  therefore  agreed  to  maintain  a  temperature  of  seventy 

degrees  from  8  o'clock  a.m.  to  6  o'clock  p.m.  for  $300.00  a  year,  or  £60;  and  the 
warming  and  ventilation  of  the  building  gave  entire  satisfaction  to  the  trustees  and 
the  pupils.      Experience,  thus  far,  rather   tends   to  diminish  than  increase  the 
expense   of   steam   heating.      The   Company   have    since    reduced   their  charges 

for  heating  that  school-house  to  $267.00  per  annum,  thus  saving  the  city  (382.00 
per  annum.       The  great  advantage  of  the  system   appeared  in   the   saving  of 
annoyance  in  handling  coal,  ashes,  kindling,  &c  ;  also  the  expense  of  stoves  and 

repairs ;  but  further  experiment  led  some  steam  companies  to  lump  their  charc^es 
for  steam  for  8s.  per  thousand  cubic  feet  of  air-space  per  annum,  which  was  found 
to  be  a  still  greater  economy;  but  upon  the  introduction  of  the  meter  made  to 
register  about  that  rate,  a  further  saving  has  been  effected  by  cutting  off  radiators 
in  upper  rooms,  parlours,  &c,  when  not  in  use,  and  paying  only  for  the  steam 
actually  consumed.     Its  economy,  when  applied  to  cooking,  may  be  estimated  thus : 

a  family  will  use  20  lb.  of  coal,  together  with  the  kindling  necessary  to  make  -a 
fire,  for  cooking  breakfast,  and  the  coal  is  all  lost ;  now  20  lb.  of  coal  wiU  convert 
200  lb.  of  water  into  steam,  which  is  enough  to  run  from  ten  to  twenty  «team 

cooking-stoves  one  hour. 
It  may  be  further  instanced  that  at  Detroit  a  Steam  Heating  Comjiany  has 

been  recently  established  which  is  being  gradually  extended.  By  accounts 
from  Mr.  Gordon  Lloyd,  the  engineer  of  the  company,  it  heated  a  variety  of 
buildings,  stores,   offices,  two   banks,  one  publishing  office,   one  boot   and   shoe 
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maziTifactoiy,  &c^  belonging  to  nineteen  distinct  owners,  with  an  aggregate  cubic 
capacity  of  3,300,000  feet,  in  addition  to  which  it  furnishes  power  to  eight  distinct 

establishments  vaiying  from  2  to  65  horse-power — ^in  the  aggregate  196  horse- 

power. 
The  cost  last  year  was  about  the  same  as  that  of  private  heating,  but  it  would  be 

less  on  an  extended  scale,  provided  the  consumers  be  not  too  scattered,  necessitating 

an  undue  proportion  of  street^main.  It  is  not  usually  practicable  in  cities  to  return 
the  water  of  condensation  to  the  boilers,  which  generally  is  a  great  economy,  and 
woald  be  done  in  all  private  or  isolated  cases.  Moreover,  Mr.  Lloyd  considers  that 

the  combination  of  heating  with  the  supply  of  steam-power  is  net  advisable,  because 
whilst  the  pressure  required  for  the  latter  is  at  least  50  lb.,  for  heating-purposes  from 
3  lb.  to  0  lb.  would  suffica 

Occasionally  one  hears  of  the  bursting  of  the  steam-pipe  in  a  street,  which 
occasions  much  oonfusion  from  the  continued  volume  of  steam  which  pours  out ; 
but  whatever  may  be  its  drawbacks,  there  can  be  no  doubt  that  a  system  of  steam 
heating  on  a  large  scale  would  greatly  diminish  the  evils  of  smoke  in  the  London 
atmosphere  from  which  we  suffer^  and  it  would  especially  produce  very  great 
comfort  in  the  dwellings  of  the.  working  classes,  and  any  increase  of  cooking 
could  be  supplemented  by  gas. 

The  system  would  appear  to  be  one  eminently  adapted  to  be  applied  as  an  ex- 

periment in  some  of  the  new  model  buildings,  such  as  those  of  the  Artisans'  and 
Labourers'  Dwellings  Company,  or  the  Industrial  Dwellings  Society,  or  the  Metro- 

politan Association  for  Improving  the  Dwellings  of  the  Labouring  Classea  In  the 
buildings  of  these  societies,  of  which  all  the  tenants  are  under  one  management,  the 
introduction  of  such  a  system  would  appear  to  be  very  economical,  and  to  command 
the  best  chances  of  succes& 
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CHAPTER     LXL 

CONCLUSION. 

It  is  impoBsible  to  lay  down  rules  which  should  be  applied  in  eveiy  caae  for 
either  wmrming  or  ventilation ;  because  the  conditions  are  so  different  in  every  case. 
In  these  few  examples  we  have  endeavoured  to  iUustrate  what  has  been  done  bj 
various  persons,  not  as  specimens  to  be  blindlj  copied,  but  as  furnishing  ideas  lot 
the  consideration  of  those  who  have  similar  work  to  da 

However  well  planned  a  system  of  warming  may  be,  there  is  one  general  cause 
which  leads  to  the  complaint  that  it  fails.  The  fact  is,  every  one  has  diffi^rent 

sensations  of  heat  and  cold.  One  man  desires  a  temperature  of  70"*,  another  feels 
it  too  hot  at  56\  The  open  fire  has  this  advantage,  that  one  man  maj  warm  him- 

self at  it  and  get  as  close  to  it  as  he  likes,  and  another  may  keep  away  from  its  rays 
and  yet  be  in  the  society  of  those  who  profit  by  ite  heat.  In  a  room  heated  bj 
stove-pipes  or  warmed  air  this  is  not  so.  All  must  undergo  the  advantage  or 
disadvantage  of  a  simiUr  temperature.  This  alone  makes  the  subject  difficult 
But  there  are,  in  addition,  the  difiiculties  arising  from  the  shape  and  size  of  houses, 
from  the  conditions  of  site  and  exposure,  and  many  other  matters  already  attended 
to:  for  these  reasons  the  subject  of  ventilation  is  complex.  The  use  of  giving 

examples  is  as  much  with  the  object  of  showing  how  improved  results  could  be 
obtained,  as  of  elucidating  what  has  been  done. 

There  is  no  single  plan  by  which  ventilation  can  be  conveniently  secured.  Wkt 
is  good  in  one  case  may  not  be  applicable  in  another ;  and  it  is  only  by  carefullj 
adapting  general  physical  laws  to  the  special  requirements  of  each  case  that  suc«ss 

can  be  obtained  The  more  simple  the  plan  adopted,  the  greater  will  be  the  assur- 
ance that  it  will  be  ready  to  act  efficiently  at  all  times  to  ensure  a  change  of  air. 

It  will  be  obvious  that  the  necessities  of  a  mild  or  equable  climate  like  England 
differ  essentially  from  those  of  a  climate  subject  to  such  extremes  of  heat  and  cold 
as  the  United  States  of  America,  or  the  continent  of  Europe,  and  that  therefore  very 
different  conditions  are  required  in  each  case. 

It  may  also  be  assumed  that  when  the  ventilation  is  required  to  go  on  uninter- 
ruptedly day  and  night,  very  different  conditions  prevail  from  those  which  sure  re- 

quired when  rooms  are  used  for  a  short  time  by  large  numbers  of  persons. 

The  object  of  ventilation  is  to  approximate  the  hygienic  conditions  of  our  indoor 
life  to  those  which  prevail  when  we  are  surrounded  with  a  free  moving  atmosphere 
on  all  sides. 

The  nearer  we  can  render  the  air  indoors  similar  in  purity  to  that  out  of  doors, 
the  greater  will  be  the  degree  of  health  which  we  shall  secure. 

This  short  and  condensed  account  of  the  subject  has  been  written  mainly  in  the 
hope  that  by  continually  directing  attention  to  the  subject^  the  public,  the  builders 
of  houses,  and  the  architects,  will  become  thoroughly  imbued  with  the  necessify  of 
paying  more  attention  to  ventilation  than  has  hitherto  been  the  case,  and  will  all 
co-operate  to  produce  what  has  hitherto  been  a  wonder  almost  unknown,  viz.,  a  reallj 
healthy  house. 
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CHAPTER  LXn. 

DRAIN-PIPES,  ETC.,    AlH)   MODE   OF   LAYING. 

Choice  of  Drain-pipes— Brick  Drains  not  necesaary — Jointing  of  Drain-pipes — Declination  of  Pipes 
—Cndled  Drain-pipes— Pipes  affording  Means  of  Inspection — Bends  and  Junctions — Syphons — 
Drains  should  be  Outside  the  House  whenever  possible — Drains  of  too  large  Sectional  Area — Iron 
Drain-pipes  —  Diain-plans  —  Drain-cleansing  Machinery — Waste-pipe  Cleansing  Contrivance— 
Service-cleanser. 

Uhbeb  the  Section  of  Architecture,  the  sanitary  equipments  of  the  inside  of  a  house 
which  relate  to  drainage  have  been  duly  treated.  For  instance :  the  baths, 
lavatories,  and  sinks  were  duly  noticed,  and  also  much  valuable  information  given 

regarding  the  various  kinds  of  water-closet  appliances  for  indoor  use.  The  Section 
which  I  have  been  asked  to  supply  will  refer  to  the  arrangements  out  of  doors — 
taking  up  the  drainage  outside  the  walls  of  the  house,  and  giving  necessary 

information  regarding  the  laying-down  of  di'ains,  the  choice  of  traps  and  gullies,  the 
treatment  of  soil-pipes  and  outdoor  closets,  the  disconnection  of  the  house  from  the 
main  drain  or  sewer,  the  choice  of  an  outfall,  and,  at  least,  some  of  the  varied  and 

most  useful  methods  of  dealing  with  the  i^ater-bome  sewage  from  a  house  or 
mansion  in  the  country.  The  chapter  upon  Disconnection  will  also  bear  upon 
the  treatment  of  houses  the  drainage  of  which  finds  its  way  into  town  or  city 
sewers. 

As  &r  as  the  health  of  the  inmates  is  concerned,  the  necessity  for  a  sound 
system  of  drainage  might  be  said  to  take  first  rank;  for,  however  perfectly  the 
house  may  be  built,  heated,  lighted,  and  ventilated,  except  the  undergroimd  drains 
be  properly  laid  down  the  residence  will  never  be  free  from  occasional  outbreaks  of 
diseasa  The  more  ordinary  faults  which  seem  to  have  been  committed  in  the 
draining  of  houses  which  have  been  already  built  will  be  treated  by  an  able  writer 
under  another  Section.  I  have  to  deal  with  the  treatment  of  houses,  building 
or  still  to  be  built,  and  to  give  the  reader  the  most  modem  and  soundest  information 
upon  the  subject. 

DRAIN-PIPES. 

In  regard  to  the  choice  of  the  drain-pip^  to  be  used,  a  few  words  would  not  be 
supererogatory.  Fortunately,  there  are  a  number  of  potteries  within  easy  reach  of 
each  county  where  excellent  glazed  and  socketed  stoneware  pipes  can  be  obtained. 
Some  of  them  excel  in  the  goods  they  manufacture,  and  produce  pipes  with  which 

no  fault  can  reasonably  be  found ;  but  others  are  less  renowned  in  this  i*espect,  and 
produce  rather  inferior  goods.  For  example :  the  interiors  are  not  smooth ;  the  ends 
of  the  pipes  do  not  fit  the  sockets  anything  like  accurately,  and  have  awkward 
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spaces,  making  it  difficult  to  lute  them  properlj  ;  otiiera,  again,  are  either  fired 
too  little  or  over-fired  in  the  kUn ;  too  brittle,  or  of  insufficient  thickness  to  resist 
fracture  when  even  an  ordinary  load  is  passing  over  them,  and  when,  owing  to  the 
only  possible  gradients,  the  pipes  cannot  be  laid  in  a  deep  trench.  The  proper  plan 
to  adopt  is,  therefore,  to  insjiect  the  pipes  as  they  are  unloaded  from  the  railway 
trucks,  and  there  and  then  to  reject  all  pipes  with  distorted  sockets  or  ends,  and  all 
those  that  do  not  ring  soundly,  or  are  in  any  way  chipped  where  the  joints  have  to 
be  made.  And  when  the  pipes  are  ordered  from  the  manufacturers,  they  should  be 

informed  that  a  rigid  inspection  will  be  insisted  on,  and  all  objectionable  ware 
returned  on  their  handa 

I  am  not  aware  of  any  circumstances  which  could  arise  in  connection 

with  house-drainage  where  it  would  become  necessary  to  lay  down  brick 
drains,  or  even  drains  built  up  of  stoneware  segments,  because  whole  pipes  are 
manufactured  in  various  parts  of  England  and  Scotland,  &c.,  ranging  up  to  three 

feet  and  upwards  in  diameter,  and  formed  either  round  or  egg-shaped  in  section. 
It  may,  therefore,  be  taken  for  granted  that  the  householder  requires  to  deal  with 
stoneware  pipes  only,  in  and  around  his  dwelling;  and  throughout  the  following 
pages  pipe  drains  of  this  description  will  alone  be  taken  into  consideration. 

It  is  of  the  utmost  importance  that  the  drain-pipes  which  are  to  be  laid  inside 
the  dwelling  should  be  of  the  best  possible  pattern,  as  regards  the  method  of 

jointing.  There  are  many  difierent  kinds  of  drain-pipe  joints  extant,  and  patents 
are  being  continually  taken  out  to  meet  the  requirements  of  architects  and  engineeis 

in  this  direction.  An  excellent  and  well-known  sanitary  drain-pipe,  with  an 

improved  and  very  satisfactory  joint,  is  that  known  as  Stanford's,  sold  at  Lambeth, 
shown  at  Fig.  242. 

Here  a  tight  joint  is  obtained  by  casting  upon  the  spigot  a  and  socket  b 
of  each  pipe,  by  means  of  moulds  purposely  prepared,  rings  of  cheap  and  durable 
material,  which  fit  mechanically  into  each  other  when 
put  together,  and  are  almost  as  perfect  as  though  each  g| 
pipe  had  been  turned  in  a  lathe ;  the  section  of  the  ring 
being,  however,  such  as  to  affisrd  a  certain  amount  of  Pig.^42. 
movement  without  destroying  the  proper  fit  of  the  joii^L 
In  laying  these  pipes,  the  spigot  and  socket  form  a  complete  joint,  if  even  merely 
smeared  over  with  some  grease.  It  is,  nevertheless,  wisest  to  enclose  the  joint  with 
a  luting  of  cement  as  welL 

This  kind  of  pipe,  or  some  equally  good  improved  joint,  should  always  be 
adopted,  whenever  possible,  for  the  inside  drain  of  a  housa  This  is  not  saying 
that  picked  ordinary  glazed  and  socketed  pipes  will  not  serve  for  indoor  drain 
purposes,  but  merely  that  better  joints  can  be  ensured  by  making  use  of  the  bes: 
appliances  of  modem  data  The  value  of  such  an  improved  joint,  as  shown 
at  Pig.  242,  is  that  the  pipe  is  rendered  trustworthy,  independent  of  any  cement 
luting ;  that  the  joint  can  be  inspected  before  being  put  in  the  work ;  that  no  luting 
material  can  possibly  obstruct  the  inside  of  the  pipes;  that  subsoil-water  is 
absolutely  excluded ;  and  that  no  sewage-matter  can  escape  from  the  pipes, 
to  poison  wells  or  rain-water  tanks. 

It  is  in  no  way  necessary,  in  such  a  work  as  this,  to  enter  into  any  debiil 
as  regards  the  amount  of  declination,  or  fall,  to  be  given  to  the  pipes  when  being 
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laid,  because  it  would,  in  most  cases,  be  misleading ;  and,  as  a  matter  of  fact,  nearly 
every  house  requires  different  ti-eatment  in  this  respect  It  would  be  the  province 
and  duty  of  the  architect  or  engineer  to  decide  as  to  the  amount  of  inclination 
and  the  velocity  in  feet  per  second  which  each  case  requires  or  admits  of. 

When  the  trenches  in  which  the  pipes  are  to  be  laid  have  been  duly  dug  out, 
care  should  be  taken  to  see  that  the  levels  chosen  are  accurate  throughout,  and 
a  hard  bed  secured  for  the  pipes  to  lie  upon.  Where  any  indication  of  soft 
ground  or  running  sand  shows  itself,  concrete  should  be  laid  down,  so  as  to  afford  a 
proper  rest  for  the  pipes.  The  drain-pipes  should  then  be  laid,  working  on  towards 
the  house,  and  carefully  jointing  each  pipe  with  the  best  cement,  making  sure  that 
the  lower  portion  of  the  joint  as  well  as  the  upper  is  carefully  filled  with  the  luting- 
znateriaL  There  is  no  necessity  for  caulking  the  joints  with  any  fibrous  material, 
bat  making  them  with  cement  only.  As  each  pipe  is  laid  down,  special  care 
ought  to  be  taken  to  see  that  where  cement  joints  are  used  this  material  is  carefully 
wiped  away,  should  it  protrude  in  the  interior  of  the  pipe  as  the  joints  are  being 
pressed  together.  A  neglect  of  this  precaution  will  entail  much  subsequent  trouble 
and  annoyance,  inasmuch  as  the  proper  flow  of  the  sewage  in  the  pipe  will 
be  interrupted,  and  obstructions  formed,  where  the  bad  jointing  has  been  allowed  to 

pass.    It  is  here  where  Stanford's  and  other  improved  joints  are  of  value. 
It  is  held  by  some  authorities  that  in  order  to  obtain  a  drain  with  perfectly 

Btaunch  joints  on  the  march  of  the  drain,  it  is  necessary  to  make  use  of  cradles 
of  glazed  earthenware;,  upon  which  both  pipe  and  socket  can  nest  This  was  first 
introduced  into  practice  by  the  late  Mr.  George  Jennings,  of  Lambeth.  Certainly, 
this  is  an  additional  precaution,  as  it  enables  the  joints  to  be  got  at  all  round,  and 
the  pipes  are  kept  steady  in  their  place.  Some  of  these  cradles  are  made  so  as  to 
utilise  the  ordinary  pipes,  but  whether  they  be  used  or  no,  care  must  be  taken, 
as  before  mentioned,  to  secure  a  sound  bed  for  them  to  rest  upon.  A  sketch  of  a 

patent  joint  of  this  description,  known  as  Maguire's,  and  much  used  in  Ireland, 
is  given  at  Pig.  243,  as  an  example  of  these  cradles.  This  pattern  of  pipe  and 
cradle  permits  of  an  independent  cement  joint  to  be  made  on  the  lower  half  of  the 
socket,  where  the  sewage  runs,  by  pouring  in  liquid  cement  round  the  first  joint 
after  it  has  become  properly  set.  The  chief  value  of 
cradling  the  pipes  is  that  it  renders  the  pipes  more  to  be 

relied  upon,  and  prevents  the  workmen  from  having  re- 
course to  the  use  of  wooden  wedges  under  the  pipes,  which 

wedges  are  ceiimn  to  rot  away  after  a  time  where  the  Pi^,  243. 
subsoil  is  damp.     There  is  no  absolute  necessity  of  going 

to   the  expense  of   this  drain  when   laying  down  drain-pipes   outside  the  house, 
provided  the  ordinary  drain-pipes  are  carefully  and  properly  laid. 

Sufficient  has  been  said  regarding  the  necessity  of  a  sound  and  firm  bed  for 
the  pipes  to  rest  upon;  but  it  may  be  taken  for  granted  that  the  drains  which 
[xiss  through  the  inside  of  the  house  should  be  laid  throughout  upon  a  concrete 
bed,  and  after  the  joints  have  firmly  set  they  should  be  covered  over  with  two 
or  three  inches  of  concrete;  for  a  cement  joint,  however  well  made,  with  an 
ordinary  pijie,  is  liable  to  fracture,  and  may  become  insecure  from  other  causes, 
such  as  expansion  and  contraction,  &o.  Where  the  extra  precaution  is  taken 

of  placing  the  drain-pipe  in  a  concentric  ring  of  concrete,  it  is  advisable  to  pro- 
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▼ide,  hero  and  there^  inspeation-apeiiaros  in  the  dnin,  so  as  to  be  aUe  to  find 

out  the  whereaboata  of  and  remove  any  obstruction  which  may  have  got  into  the 
drain. 

Every  pipe-manufacturer  has  his  own  sjrstem  of  providing  inspection-caps  of 
this  kind,  some  merely  cutting  out  an  oval  space  on  the  top  of  a  pipe  and  fitting 

thero  a  lid  with  a  flange ;  others  dividing  the  pipe  into  two  equal  Icmgitadizial 

halves ;  while  others — as,  for  instance^  Doulton — ^merely  take  a  segment  of  the 

whole  length  of  the  pipe,  treating  it  as  shown  at  Fig.  244. 
Some  builders  who  do  not  know  better  are  so  enamoured  of  this  kind  of 

drain,  that  I  have  known  them  to  lay  the  whole  drainage  of  a  house  throughout 

with  these  patent  pipes.      But  their  only  use  is  to  provide,  as  stated  before,  a 
means  for  searching  the  drain  with  rods,  or 
other  contrivances,  when  a  stoppage  has  been 

diagnosed.  They  are  chiefly  valuable  in  long 

passsgea;  and  where  used,  the  covers  ahoold 
be  bedded  down  with  mortar  or  putty  merelT, 

j^  214,  a  chamber  formed  for  them,  and  a  man-hole 

cover  provided  as  welL  Places  for  in^^- 
ing  the  drains  in  the  inside  of  a  house  are  always  provided  where  there  is  a 
considerable  length  of  drain;  and  the  majority  of  arehitects  and  engineers  nor 

simply  lay  down  a  half-round  pipe,  two  feet  long,  between  the  other  drain-pipes  at 
desirable  places,  raise  the  sides  up  in  cement,  and  cover  the  space  over  with  an 
air-tight  iron  man-hold 

Where  there  is  much  traffic  across  the  inspection-chamber,  an  iron  man-hole 
cover  is  iq>t  to  become  loose,  and  in  such  caiies  it  would  be  preferable  to  bed 
down  a  stone  over  it,  with  a  ring  countersunk  into  it  for  the  convenience  of 
lifting.  Such  a  stone  should  not,  however,  be  bedded  in  cement,  but  rather  in 
mortar,  with  merely  an  eighth  of  an  inch  cement  jointing  near  the  sur&ce ;  and 
if  this  be  done,  the  stone  will  come  up  easily,  and  without  breaking  it. 

BENDS,  JUNCTIONS,    ETC 

There  is  nothing  more  essential  in  good  house-drainage  than  providing 
proper  bends.  Wherever  requisite,  a  very 
slight  curve  might  be  made  with  straight  pipes, 
but  it  is  a  dangerous  practice,  and  fortunately, 
there  are  easy  bends  now  manufactured  to  suit 
almost  every  possible  contingency.  Several  of 
these  bends  are  shown  at  Fig.  245 ;  for  instance, 

a  quarter-bend  at  A,  one  of  the  easier  bends 
at  B,  and  another  form  of  easy  S-shaped  bend 
at  c — all  of  them  very  useful  forms.  The  best 

practice,  however,  is  sometimes  to  form  the  ^' 
bends  with  half-round  pipes  of  the  proper  curves  sought  for,  build  up  the  sides, 
and  cover  it  with  an  irop  man-hole  or  stone  and  ring. 

It  is  also  of  the  utmost  importance  to  provide  proper  junctions  where  junc- 
tions are  necessary.  They  should,  as  much  as  possible,  take  the  form  of  a,  Fig- 

246  :  that  is,  the  junctioning  pipe  should  be  like  the  one  arm  of  a  Y,  and  never  be 
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at  right  angles  with  the  main  pipe — a  mistake  which  is  very  frequently  made 
by  inexperienced  workmen.  Of  course,  both  single  and  double  Y  junctions  can 

be  got  at  every  manufacturer's.  Undoubtedly,  the  best  method  of  dealing  with  a 
janction  is  to  make  use  of  "inspection  junctions."  The  goods  affording  access 
in  this  way  are  specialities,  and  have  been  constructed  on  the  best  forms,  after 
a  very  long  and  gathered  experience. 

It  is  unfortunately  too   common  a  practice   with  workmen  to  endeavour  to 

make  a  joint  between  large  and  smaller-sized  pipes, 
without  having  recourse  to  proper  diminishing  pipes,  such 
as  shown  at  b,  Fig.  246. 

They  diaphragm  them  off  with  a  slate  or  with  bricks, 
or  they  simply  fill  up  with  cement,  and  even  with  clay,  the 
difference  in  section  at  the  top.  It  would  be  better  to 
wait  a  month,  and  pay  an  excessive  price  for  carriage, 
than  allow  such  procedure  as  this.  At  such  places  rats 
find  an  easy  entry  into  the  drains,  and  moreover,  the 
cement  cracks,  the  clay  pulverises,  and  the  debris  falls  into 

the  pipe,  and  lays  the  foundation  for  a  complete  choking  up  of  the  drain. 

SYPHONS  AND  DRAIN-LAYINQ. 

The  most  abused  article  in  a  line  of  drainage  is  the  syphon,  and  they  are 
inserted  in  all  sorts  ftf  imprc^er  places.  Now,  if  there  be  anything  about  which  one 
ought  to  be  more  careful  than  another  in  dealing  with  sewerage,  it  is  the  syphon. 

Sometimes  they  are  improperly  placed  in  the  front  of  a  sink,  with  a  view  of  pre- 

venting the  air  of  the  house-drain  from  rising  in  the  sink  waste-pipe ;  sometimes 
at  some  little  distance  from  the  scullery  grease-trap;  sometimes  at  the  feet 
of  soil-pipes  and  of  bath-wastes,  where  the  latter  join  the  main  drain,  sewer,  or 
sewage- tank. 

Wherever  a  syphon  is  positively  needed,  the  plain  syphon  shown  at  a,  Fig.  247, 
should  be  avoided  in  evei^y  case ;  and  so  also  should  all  syphons  where  an  inlet 
is  placed  in  the  middle  of  the  dip,  as  shown  at  b. 

Perpendicular  drains  are  sometimes  made  to  enter  syphons,  as,  for  instance,  at  b  ; 
but  it  is  unwise,  to  treat  a  syphon  in  this  way,  as  for  the  most  part  these  entries 

into  the  syphon  were  intended  for  inspection-purposes,  and  for  the  removal  of  any 
sand  or  other  material  which  may  have  lodged  in  it.  When  inspection  is  wanted 
in  a  syphon,  the  entry  is  preferably  made  where  shown  by  the  dotted  line  at  c,  and 
syphons  of  this  handy  description  are  now  becoming  common. 

It  is  wise,  when  laying  down  a  syphon,  to  provide  a  pipe  next  to  it  which  is 

provided  with  a  raking-pieoe,  for  the 
introduction  of  the  hand  or  cleansing- 
rods  ;  such  a  pipe  is  shown  at  D,  Fig.  247. 

SyphonSy  however,  are  now  in  the 
market  which  are  not  only  provided 

wiUi  the  deansing-entry  c,  but  also  with 
the  raking-piece  attached  to  the  syphon.  Fig.  247. 
as    shown    by   the  dotted   lines   at    e. 

Syphons  of  this  sort  are  always  used  in  disconnection-chambers,  as  we  shall  see 
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further  on,*  and  shoold  be  preferred  to  all  others,  placing  them,  of  ooune,  in  a 
chamber  with  a  man-hole  over  them. 

Ordinary  syphons,  where  the  outgo  is  level  with  the  income,  are  now  r^ected  as 
a  rule,  and  those  special  syphons  chosen  where  the  water  or  sewage  obtains  a  drop 
of  two  inches  or  so  in  idling  from  one  end  of  the  syphon  to  the  other.  This 
fall  in  the  syphon  is  very  advantageous,  and  generally  effects  a  clearage  of  the 

sewage  to  bt'vond  the  syphon,  and  on  to  the  outfalL  The  common  syphon  does  not 
readily  clear  itself,  as  it  is  ruled  by  mere  gravitation. 

Whenever  possible,  drains  should  never  be  laid  inside  Uie  house;  and  this  is  one 

of  the  most  salutary  rules  in  house-drainage.  It  is  a  rule,  however,  often  trans- 

gi*essed  If  the  majority  of  detached  and  semi-detached  villas  were  examined,  it  is 
far  from  unlikely  that  the  drains  would  be  found  passing  through  the  centre  of  the 
house,  simply  because  that  treatment  of  the  drain  required  fewer  pipes,  or  because 

it  was  in  a  line  with  the  scullery-sink  or  servants'  doset,  or  because  the  butler's  and 
housekee{)er's  room  sink,  by  taking  the  drain  in  that  fashion,  would  simply  require 
to  drop  into  the  pipe.  The  leading  of  drains  through  the  house  is  unavoidable 
perhaps  in  crescents  and  rows  where  the  houses  join  together,  but  even  then  it  is 
sometimes  possible  to  avoid  much  of  the  evil  by  draining  from  both  front  and  back 
of  the  house.  It  is  a  safe  rule,  at  all  events,  not  to  allow  any  ix>rtion  of  the  drain 
to  entor  a  house  if  it  can  be  avoided ;  and  even  when  it  can  be  avoided,  and  when 
the  drain  does  not  require  to  pass  through  the  house,  it  is  well  to  stop  the  pipe 

short  of  the  exterior  wall,  and  to  lead  any  soil-pipe  to  it  bji  taking  the  soil-pipe 
through  the  wall — when  such  soil-pipe  must  perforce  descend  inside  the  house— 
and  to  junction  the  metal  with  the  stoneware  pipe  outside  the  housa 

When  earthenware  pipes  must  pass  through  the  walls,  a  relieving  arch  shonld 
always  be  turned  over  them  the  whole  thickness  of  the  wall.  When  this  precaution 
has  not  been  taken,  and  when  a  settlement  takes  place,  the  pipes  are  liable  to  be 
broken,  and  the  drain  will  consequently  leak  at  a  dangerous  place,  inasmucii  as  tbe 
sewage  will  saturate  the  subsoil  inside  the  house. 

Drains  are  very  frequently  laid  down  of  far  too  large  a  sectional  area :  six  inch^ 
in  diameter  where  four  inches  would  have  sufficed,  nine  indies  where  six  inches 
would  have  been  sufficient,  and  twelve  inches  where  nine  inches  would  have  been  ample. 

This  laying  down  of  too  large  pipes  is  one  of  the  most  besetting  sins  in  house- 
drainage,  when  that  has  been  left  entirely  in  the  hands  of  the  builder.  I  have 

taken  up  twelve -inch  pipes  in  a  house,  and  replaced  them  with  six-inch  pipes.  The 
sizes  of  the  pipes  to  be  used  should  not  be  decided  haphazard,  but  advice  taken  upon 

this  subject  from  a  competent  person.  As  a  general  rule,  a  four-inch  pipe  is  sufficient 
for  a  cottage,  and  a  six-inch  pipe  for  an  extensive  dwelling.  In  deciding  the 
diameter  of  the  drain-pipes,  due  provision  must  be  made  for  the  rainfall,  or  serious 
floodings  may  be  the  result  after  every  storm  of  unusual  severity. 

Where  drains  are  laid  in  the  vicinity  of  trees  and  shrubs,  it  is  of  the  utmost 
importance  to  provide  such  a  system  of  jointing  as  will  prevent  the  roots  from 
entering  the  interior  of  the  pipes,  and  in  due  time  filling  the  drain  up,  as  they  will 

invariably  do.  Merely  well-made  cement  joints  will  not  suffice,  and  clay- made 
joints  are,  of  course,  utterly  out  of  the  question  in  house  drain-pipe  laying.  The 
best  procedure  to  prevent  the  invasion  of  the  joints  is  to  coat  well  the  joints,  after 

being  laid  and  cemented,  with  two  or  three  layers  of  coal  tar  mixed  with  saw- 
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(hist,  throwing  coaci'ete  aroaad  them  afterwards,  and  then  again  papng  over  the 
whole  with  another  coat  or  two  of  the  same  material.  Boots  will  invariably  turn 
aside  from  snch  a  neighbourhood  as  this. 

TherA  are  several  general  rules  connected  with  the  subject  of  drainage  which 
might  be  borne  in  mind,  and  I  may  mention  a  few  of  them.  For  instance,  a  drain 
should,  if  possible,  have  a  little  extra  fall  whenever  a  bend  or  a  junction  occurs  in 
its  line  of  march ;  a  very  little  will  suffice  to  counteract  the  effects  of  friction. 
Again,  a  large  pipe  should  never  deliver  into  a  small  one,  or,  where  it  can  be  avoided 
with  advantage,  a  pipe  into  the  same  size  pipe  as  itsel£  Again,  it  will  sometimes 
prove  useful,  when  a  pipe  may  possibly  be  required  to  enter  the  drain  at  a  future 
time  near  a  specified  spot,  to  provide  a  dummy  junction,  so  as  to  avoid  the  disturb- 

ance of  the  main  drain  afterwards  ;  such  a  junction,  however,  should  be  carefully 
stopped  off  by  the  earthenware  disc  provided  for  that  purpose. 

It  is  most  unadvisable  to  lay  down  drains  just  after  the  foundations  have  been 
put  in  or  the  walls  partly  built,  as  no  drains  thus  laid,  although  surrounded  by 
concrete,  can  be  said  to  be  proof  against  the  many  mishaps  consequent  upon  build- 

ing. It  is  quite  time  enough  to  lay  the  drains  in  and  around  the  house  when  the 
building  is  roofed  in,  and  the  heavy  carpcnt«ring  work  completed.  This  is  of  moie 
imiwrtance  than  is  generally  considered.  Unfortunately  with  buildings  built  for 
Kale,  speculative  fashion,  the  rule  has  been,  and  probably  is,  to  lay  the  drains  in 
iiiinie<tia.tely  the  foundations  have  been  ])ut  in,  this  work  being  done  by  common 

labourers,  instead  of  by  skilled  drain-men.  The  safe  rule  for  the  householder  is, 
wlien  entering  upon  i-estdence  in  a  house  purchased  from  a  builder,  and  not  erected 
by  bis  own  architect,  to  have  the  whole  of  the  drains  overhauled,  and  the  chances 

are  that  the  whole  of  the  drains  will  have  to  be  re-laid.  Builders  are  not  yet 
generally  made  aware  that  house-drainage  has  nearly  risen  to  tlie  rank  of  a 
profession. 

8UBB0IL-DBAIXAGB. 

It  sometimes  happens  that  the  main  drains  from  a  house  have  to  pass  through 
land  with  a  wet  subsoil  or  places  surrounded  by  springs,  causing  the  water  to  run 
alongside  the  drains,  and  sometimes 
pxcavate  hollows  underneath  the  pipes, 
In  the  evident  danger  of  their  falling  in. 
ttTien  snch  a  slate  of  things  is  revealed, 
it  is  customary  to  lay  alongside  the 
pipes  one  or  more  ordinary  lengths  of 
the  common  agricultural  pipes  used  in 

field-draining,  with  simple  butt  joints, 
in  order  to  take  away  freely  the  Bub- 
snil-water,  this  water  being  led   to  a  p^  ̂ ^ 
stparato  out  fall 

To  provide  for  contingencies  of  this  kind,  Messrs.  Brook,  of  Huddersfield, 

manufacture  a  pipe  drain,  supported  by  a  loose  retort-shaped  pipe,  with  open  joints 
bnlow,  and  it  has  been  frequently  used  with  great  success.  This  combined  pipe  is 
shown  at  Fig.  248  :  A  being  the  pipe  conveying  the  sewage,  b  the  loose  rest^  and  o 
the  open-jointed — or  rather,  non-luted — subsoil^water  conduit.      If  the  last-men- 
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tioned  be  luted,  it  is  only  loosely  protected  by  clay,  so  as  to  prevent  a  large  ingress 

of  earth  or  sand.  The  water  above  the  level  of  the  retort-shaped  pipe  is,  of  course, 
kept  shut  out  from  the  sewage ;  but  at  a  suitable  change  of  level  it  can  be  turned 
into  the  upper  pipe  A,  and  used  for  flushing  the  subsequent  lengths  of  drain. 
These  pipes  are  only  made  of  large  diameter,  and  for  ordinary  purposes  the  use  of 

ordinary  field  draudng-pipes  alongside  the  drain  is  to  be  commended. 
Where  a  house  is  built  upon  ground  which  secretes  water,  such  as  loose  gravel, 

moist  sands,  and  the  like,  experience  has  proved  that  the  house  cannot  be  made 
healthy  except  the  space  which  it  covers  has  been  drained  by  agricultural  pipes 

of  this  description^  and  the  subsoil-water  removed  to  a  suitable  outfall 
If  the  outfall  be  into  the  house-drain,  which  removes  excreta  and  other  foiil 
wastes,  then  the  collected  subsoil-water  must  first  of  all  deliver  into  open  gullies 
before  it  is  taken  into  the  main  drain*  And  in  all  cases  where  drains  are  taken 

from  open  areas  and  blind  areas,  as  they  are  called,  the  same  precaution  should  be 
invariably  taken. 

IRON  DRAIN-PIPES. 

up  to  the  present  time  I  have  been  dealing  with  earthenware  pipes  only;  but 
I  should  add  that  it  is  sometimes  the  practice  with  engineers  to  drain  the  house  by 

means  of  cast-iron  pipes.  Such  a  system  is  commendable  in  many  respects,  as  the 
joints  are  less  frequent,  the  pipes  more  rigid,  and  if  treated  against  the  chance  of 
oxidation,  inside  and  outside,  by  means  of  the  Barff  or  some  other  process,  the  drain 
will  repay  the  extra  cost  In  Paris,  iron  pipes  are  always  used  inside  the  houses, 
and  are  generally  placed  above  ground  throughout  their  lengths,  although  this  is 

mosbly  done  because  the  pipes  are  obliged  to  be  made  so  as  to  deliver  into  "  sepan^ 

tors,"  where  the  solids  are  mostly  caught,  and  the  liquids  allowed  to  pass  into  what 
serve  as  main  sewers  in  that  city.  At  the  present  moment  I  am  just  completing  the 
drainage  of  a  large  house  in  London  where  the  whole  of  the  drainage  runs  above 

the  basement-level  in  galvanised  iron  pipes,  fastened  along  the  wall  at  a  suitable 

gradient,  everything  delivering  into  these  drain-pipes — except  solely  the  soil-pipes- 
first  of  all  in  the  open  air. 

Although  this  may  by-and-by  be  a  common  practice,  it  must,  however,  be  con- 
ceded that  for  all  practical  purposes  a  well-laid  and  concrete-protected  underground 

drain  is  sufficient  for  the  best  purposes. 

DRAIN-PLANS   AND   DRAIN-CLEANSING. 

It  is  of  the  utmost  importance  to  the' occupier  of  a  house  that  he  should  be 
furnished  with  an  accurate  drain-plan  to  a  suitable  scale,  with  an  index,  showing 
the  descent  of  each  pipe,  and  the  position  of  every  gully  and  other  trap.  I  have 
frequently  been  obliged  to  examine  houses  which  have  just  been  completed,  and 

found  the  builder  unprovided  with  a  chart  of  the  drains  which  he  had  laid  down 

only  a  few  months  previously.  In  one  case  the  foreman  had  died,  and  he 

alone  knew  the  direction  in  which  the  various  pipes  were  laid.  Drain-plans 
should  even  be  made  in  triplicate :  one  hung  up  in  the  basement^  for  the  use  of  the 

servants ;  another  handed  to  the  client,  for  placing  in  his  cabinet ;  and  the  third 
retained  by  the  architect  and  engineer,  for  future  reference. 

Very  frequently,  and  from  many  causes,  drains  become  choked,  necessitating  a 
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search  for  the  obstractioiiB,  and  a  means  either  of  finding  ont  the  exact  place  of 
Btoppage,  ̂ th  a  viev  of  opening  up 
the  drain  at  that  spot,  or  of  by  some 

s  loosening  the  eewage-retarding 
material,  and  of  pushing  it  onward 

to  the  outfall.  Most  diain-men  pro- 
vide tJieniselves  with  drain-cleansing 

'machinery,  and,  in  mj  opinion,  no 
country  house  should  be  without  a 

complete  set.  A  sketch  of  a  com- 
plete set  of  this  machinery  is  given 

at  Fig.  219  :  A  representing  a  bundle 
of  canes,  with  joints  which  easily  screw  together,  and  reaching  in  extent  from  tlurty 
to  a  hundred  feet  when  attached  together.  The  rake  for  fitting  upon  the  end  of  the 

first  eane,  and  used  for  loosening  and  raking  out  any  hard  sub-  — 
stances,  is  shown  at  b;  the  ball  for  pushing  on  solids  at  c;  the 
roller,  with  bnifih  for  cleansing  the  inside  of  the  drain,  at  d  ; 

and  the  doable  screw,  for  laying  hold  of  bulky  foreign  sub- 
stances, at  B.  This  machinery  can  also  be  used  for  sweeping 

chimneys  at  a  small  additional  cost 
Another  most  useful  contrivance  to  be  kept  in  housee,  ready 

for  instant  use,  is  the  apparatus  sketched  at  Fig.  250,  which  is 
most  valuable  for  instantly  cleansing  the  discharg&-pipee  of  sinks 
and  lavatories,  and  even  closets,  when  tliey  become  partially  or 

entirely  stopped  up.      It  is  composed  of  an  india-rubber  cup,  a, 
an  iroa  disc,  c,  and  a  wooden  handle,  k     In  using  this  force- 
cap,  allow   water  to  fiow  into  the  sink,  basin,  or  bath,  to  a  depth  of  about  three 

inches,  then  place  the  india-rubber  cup  over   the  vent,  and 
force  the  handle   up  and  down  several  times  with  a  quick 
motion ;  by  this  means  the  water  beneath  the  cup  is  forced  into 

the  discharge-pipe,  and  the  impulses  produced  by  the  manipula- 
tion of   the  handle  dislodges  the   obstruction,  and  forces   it 

through  the  pipe  to  the  disconnecting-gully. 
The  last  contrivance  which  I  need  mention  is  what  is 

called  a  service- cleanser,  and  is  very  efiective  when  any 

stoppage  occurs  in  long  lengdis  of  waste-pipes  and  water 
service-pipes,  which  have  been  necessarily  laid  underground. 
This  contrivance  is  shown  at  Fig  2S1,  and  it«  action  is  as 

ng.  251.  nnder : — The  plug  b  is  unscrewed,  and  about  a  gallon  of  water 
put  in,  whereupon  the  plug  is  replaced  in  the  tightest  manner;  the  vessel  a  is  then 

charged  with  air  with  successive  strokes  of  the  piston,  the  flexible  tube  being 

attached  to  the  pipe  which  requires  cleaning  by  means  of  suitable  connections.  All 

that  is  then  required  is  to  turn  the  cock  c  full  on,  and  the  obstruction  will  be 
quickly  driven  out. 

If  the  above  general  instmctions  are  carefully  attended  to,  the  residence  will 

be  rendei-ed  healthy  in  every  respeot,  as  far  aa  regai-ds  its  underground  drainage. 
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CHAPTER  LXIIL 

OCLLIES   AKD   OTHER  TRAPS. 

Ar«ft  and  Yard  Gulliea  with  and  withont  Side  Inl«ta — ^Importance  of  trapping  Waate-pipes  entering 
OuUiea— Proper  Grating  Corert  for  Golliee— Bell-trapa  oondemned — Beet  Trape  far  FLoor-tnpt 
inside  the  Hooae—GoUecting  Outdoor  Gnlliea — Gulliea  ooUeeting  Solids— Garden  and  Road 

(tuUie* — Greaae-interoepting  ChambeiB  and  Trapa — ^Tha  Oocaabnal  Keoessitj  for  them,  sad 
Examples  of  the  Various  Kinds,  ko,  ko. 

In  regard  to  the  drainage  of  houses  and  their  private  surroundings,  a  gully  maj  be 

taken  as  representing  a  syphon  trap,  where  the  space  below  the  dip  or  trapping-piece 
is  much  deepened,  in  order  to  intercept  anything  which  may  be  undesirable  from 

entering  the  drain.  There  are  many  patterns  t>f  these  gullies,  as  every  pottery  cata- 
logue will  show,  and  some  care  should  be  exercised  in  the  choice  of  a  right  one  for 

the  purposes  required.  For  instance,  it  would  be  most  undesirable,  in  a  front  or  back 
area  of  a  house,  to  allow  the  gully  to  contain  such  an  immense  quantity  of  water 

and  silt  as  is  always  provided  for  in  a  street,  because  there  is  no  necessity  for  pro- 
viding against  street  and  storm  washings ;  and  the  only  object  is  to  provide  the  trap 

with  an  hydraulic  seal,  with  some  little  added  allowance  of  depth  for  the  ooUection 
of  sand  and  the  solid  wastes  which  may  come  horn  the  sink& 

AREA  AND   YARD   GULLIES. 

For  ordinary  area  and  yard  purposes,  the  simple  syphon  form  of  gully,  slightly 
deei)ened,  is  the  best :  for  instance,  such  a  gully  as  is  shown  in  section  in  Fi^ 
252,  which  may  be  said  to  be  perfect  for  general  purposes,  ihe  amount  of 
trapping-water,  A,  and  the  silt-accommodation,  b,  being  quite  sufficient.  When  the 
siltHiccommodation,  B,  is  too  deep,  foul  emanations  are  given  off,  bubbling  up 
through  the  water,  A,  and  pervading  the  atmosphere  around  the  house.  This  kind 
of  syphon  is  made  with  its  outlet  terminating  at  c,  so  as  to  join  a  drain  raking  up 
towards  it ;  or  the  outlet  can  be  made  with  a  perpendicular  fall,  as  shown  by  the 

thin  lino  D,  which  line  can  be  elongated  by  uprightly-set  socketed  drain-pipes^ 
leading  to  a  main  drain  below. 

Until  lately,  yard-gullies  were  made  without  any  side  openings  over  the  trapping- 
water  and  under  the  ventilated  gratings,  so  that  it  was  rendered  difficult  to  lead 
anything  into  the  gully,  except  what  fell  perpendicularly  through  the  grating ;  but 
gulKes  are  now  constructed  with  flanged  side  entries,  shown  at  Fig.  252  by  the  dotted 
lines  E  and  F.  Of  course,  the  diameter  of  all  the  outlets  can  be  varied  to  suit  eveiy 

contingency.  Before  side  inlets  were  provided  into  yard-gullies,  and  when  it  be- 
came necessary  to  lead  over  the  trapping-water  the  wastes  of  sinks,  baths,  &c, 

either  a  hole  had  to  be  chiselled  in  the  stoneware,  at  the  risk  of  breaking  about  ten 

per  cent,  of  the  gullies,  or  the  waste-pipes  had  to  be  led  over  the  edge  of  the  gully, 
and  between  the  edge  of  the  gully  and  the  cover  to  the  gully,  which  is  always 

separate,  and  which  is  shown  at  G — ^the  space  between  being  filled  up  with  brickwork 

and  cement     I  only  mention  this  lest,  from  want  of  stock  at  the  manufacturer's, 
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from  want  of  time  to  wait  for  a  special  pattern,  or  from  remoteness  from  places 

where  they  ore  sold,  gullies  with  side  inlets  cannot  he  obtained 

In  purchasing  jard-gullies,  side  inlets  should  always  be  chosen — ^and  there  are 

many  patterns  by  different  makers — ^because  they  are  useful  for  disconnecting  the 
g\      ■  ^1  wastes  of  sinks,  or  lavatories,  or  rain-water  pipes, 

||^^^__?-.-^^9  which  would  be  made  to  enter  the  side  inlets  b 

^■"^'HIl^^P  and  F.    As  for  sinks,  baths,  lavatories,  Ac., 

J  r"fl  f'^^\\  9  ̂ ^^^^^^         which  are  fixtures  inside  the  house,  enough  has 
'I  I    I  K^^^yJ  mir  ^%<      \^&s^.  said  under  the  head  of  "  Architecture "  to 
Lr-  ̂ -.--^--.--ig^^-^,  g^aifc  >^   \     guide  any  one,  but  it  is  my  duty  to  point  out 

here  that  there  are  several  necessary  matters 

appertaining  to  the  entrance  of  these  walstes  into 
a  gully  which  it  is  well  to  know.     For  instance, 

^^*  **•  it  is  not  sufficient  to  say  that  the  waste  of  any 
sink  is  properly  disconnected  simply  because  the  waste-pipe  has  been  led  to  deliver 
over  the  gully  trapping-water;  for  if  a  trap  be  not  fixed  under  the  sink — preferably  one 
giving  means  of  access — ^the  cold  air  will  rush  up  the  sink-pipe  into  the  warm  room, 
and  also  any  effluvium  caused  by  the  decomposition  of  the  water  and  sediment  in  the 

trap,  which  will  be  especially  felt  during  the  summer,  when  the  sun's  rays  are  beating 
upon  the  surface  of  the  trap.  I  have  known  almost  the  whole  of  the  drainage  of  a 

house  condemned  for  the  simple  want  of  a  trap  under  the  butler's,  still-room  maid's, 
and  housekeeper's  sinks  in  a  basement ;  the  builder  was  sent  for,  and  he  considered 
the  sinks  properly  disconnected,  while  at  the  same  time  they  were  not  so,  owing  to 

the  want  of  an  access-trap.  There  is  another  precaution  to  be  taken,  and  that  is  in 
some  cases,  even  when  the  waste-pipe  enters  a  gully  over  the  hydraulic  seal  of  the 
gully,  to  have  the  waste-pipe  open  both  at  the  top  and  at  the  bottom.  For  example: 
if  there  be  a  lavatory  on  the  ground  or  first  floor,  and  the  lavatory  be  simply  trapped 

at  the  head  of  the  waste-pipe,  and  with  no  ventilating  continuation  to  it,  there  will  be, 
sooner  or  later,  a  foul  smell  given  off  at  the  basin,  due  to  the  accumulation  of  the 

decomposing  his  of  the  soap,  which  is  apt  to  become  fixed  as  a  slime  in  the  interior 

of  the  waste-pipe.  This  can  only  be  cured  by  ventilating  the  waste-pipe  above  the 
entry  from  the  lavatory  basin.  And  this  precaution  is  very  necessary  in  the  case  of  a 

bath-waste  delivery. 
Thore  is  a  matter  of  smaller  moment,  certainly,  but  one  which,  if  not  provided  for, 

causes  a  serious  discomfort  afterwards :  I  allude  to  the  kinds  of  gratings  with  which 

these  yard  and  area  gullies  are  covered.  I  consider  the  stoneware  square 

or  round  cover,  pierced  with  small  holes,  tol)e  the  very  worst  kind  of  guUy-oover  ; 
and  it  is  a  matter  of  wonder  to  me  why  they  are  ever  made,  as  nothing  could 
be  paltrier  in  appearance  and  more  certain  to  fracture.  Next  to  these,  I  would 
condemn  the  small,  thin,  cast-iron  grating,  which  fits,  whether  loosely  or  tightly,  at 
the  top  of  the  shallow  socket  of  the  gully ;  for  this  kind  of  grating  is  just  as  liable 
to  break  as  the  other,  being  level,  or  almost  so,  with  the  paving  of  the  yard.  The 

correct  description  of  gully-cover  is  shown  at  o  in  the  woodcut^  Fig.  252,  which  consists 

of  a  Doulton's  dished  stoneware,  ample-margined,  with  correspondingly  thick  cover- 
ing, and  with  an  easily-movable  iron  grating  just  over  the  gully-water.  The  edges 

of  such  a  trapped  cover  form  an  excellent  surface  for  the  pavement  material  to  finish 

against^  and  they  also  give  a  cleanly  appearance  to  the  yards  in  which  they  are  placed. 

44       ' 
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SometimM  ytxA  and  u«ft  gnlli««  need  no  nde  eotnnoeB,  being  merely  fixed  to 

mnoTe  tlie  aahce-wAter,  whidi  falls  upon  the  pamnent  toTarda  them.  In  soA  t 
can,  use  a  amall-cized  gully  of  the  lame  pattern  aa  Fig.  252,  unprovided  with  nde 
inleta ;  naing,  howeTer,  the  diahed  oorer. 

A  moat  reprehensible  pattern  of  yard-trap  for  the  removal  of  anrfaoe^water  is 
that  known  as  the  bell-trap,  shown  in  seotion  at  Fig.  253.      Wherever  this  tr^  is 

used,  it  sooner  or  later  becomes  the  curse  ot  the  hoosebold. 

'  Very  little  water  can  pass  through  it;  there  is  an  inBuffideocr 
of  b«pping-water,  the  movable  cup-bottomed  p«dng  not  <^ 
ping  BufGcientJy  deep.     The  upright  pipe  also  retards  the  flov 
of  water,  the  annular  space  x  beoomee  filled  with  sand  and 

sooty  washings,  the  tr^ping-water  gradu^y  disappean,  and 
**■  M.  finally,  no  trapping-wat«r  is  left  at  alL      The  cover  »  aJao 

breaks  across,  and  the  cup  fixed  below  it  breaks  off,  leaving  no  guard  whatsoever 
against  the  foul  gases,  and  hence  the  air  in  the  nei^bourhood  of  the  trap  b  loaded 
with  Uiem. 

These  bell-traps  are  moat  dangeroos  when  fixed  inside  a  house,  where  they  are 
frequently  placed   in  the  floors :    such   as,  for  instance,  in  the  laundry,  in  the 
meat-larder,  and  in  the  dairy,  in  order  to  provide  for  a  delivery 

on  to  the  drain  ot  the  water  used  in  scrubbing  out  and  swilUng  ' 
the  flooTK     Traps  at  these  places  are,  however,  most  necessary, 
especially  in  large  eetabliahments ;  but  the  trap  should  take  the 
form  ot  one  whish  cannot  be  untrapped  by  the  lifting  out  of  the 
cover.     There  are  many  traps  very  suitable  for  this  purpose,  and 

almost  any  lip-trap  would  answer.     What  is  known  as  an  Antill's 
trap  (see  Fig.  254,  where  a  section  is  given)  can  be  advantageously  r^  d 
used  when  it  is  sufficiently  large  for  its  purpose,  and  when  tJie 
hand  can  be  got  up  behind  the  dipping  flai^,  c,  in  order  to  keep  tbe  tr^iping 
edges  dean.  Even  if  the  cover,  b,  of  this  trap  were  lifled,  the  flange,  c,  does  not  ri» 

with  it ;  hence  the  tn^ping-water,  a,  renuin^ 

This  tiap,  however,  would   be   objeotatmaUe, 

despite  its  certain  advantages,  if  it  were  used 
in  outdoor  areas  ;  but  for  indoor  use,  in  flocoa 

of  dairies  and  the  like  places,  which  floon  aie 
washed  oat  by  buckets  of  water  being  thrown 
over  them,  it  will  do  admirable  sarvica    One 

thing,  however,  must  be  most  oarefoUy  attended 

to,  and  that  is,  to  see  that  the  drain  from  \hfx 

house  interior  t«ipa,  or  small  gullies,  deliver 
in  disoonneeted  fa^on  over  the  trapping-wtta 

of  a  gully  outside  the  house,  such  as  that  shown 

at  Fig.  262,     When  this  has  been  done,  and 
not  otherwise,  should  a  trap  be  placed  in  tlH 
floor — in    other  words,  the   indoor  floor-tr^ 

should  be  disconnected  to  an  outdoor  ventilated  trap  before  it  enters  the  mun  draia 

Sometimes  a  stoneware  trap  for  yards  and  areas — and  outdoor  traps  shonU 
always  be  of  stoneware,  because  t^ey  never  rust,  and  the  glaze  inside  repflfin  t4)^ 

i 
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d^Lolj — ^is  required  of  a  more  compact  order  than  the  guile j  shown  at  Fig.  252,  to 
accommodate  more  sink  deliveries,  for  instance,  and  also  to  take  within  itself 

ike  rain-water  descending  a  rain-water  pipe  from  the  roof  or  flats,  as  also  the  sur&tce- 
water  from  the  yard  or  area.  A  compact  trap  of  this  description  is  given  partly  in 

section  at  Fig.  255,  and  is  known  as  Bellman's  Gully,  made  in  London.  The  body  of 
this  trap  is  shown  at  a,  sink  entrances  into  it  as  at  d  and  e,  rain-water  pipe 
entrances  as  at  b,  and  surface-water  drainage  from  the  pavement  o,  o ;  all  these 
deliveries  passing  through  iron  gratings  into  a  syphon  trap  below,  marked  F.  This 
trap  is  largely  used  in  London. 

There  are  numberless  traps  used   for  the  above  purposes  which  it  would  be 
needless  to  describe,  and  therefore  I  only  give  descriptions  of  the  more  specific  kinds. 

SOLIDS-COLLECTING  GULLIES. 

Fig.  856. 

Traps  are  sometimes  required  in  yards  which  possess  a  facility  for  lifting  out 
any  silt  or  sand  which  has  been  used  for  scouring  purposes  and  the  like.     Li  order 

to  effect  this,  a  silt-box  is  provided,  which  can  be 
lifted  out  and  emptied,  without  making  use  of  the 
hand  or  of  any  utensil  for  scooping  out  the  bottom 

of  the  gully.  A  trap  of  this  kind  (Dean's)  is 
drawn  at  Fig.  256  in  section.  The  gully  portion  is 
much  the  same  as  any  other  gully,  save  that  the 
lower  portion  is  somewhat  contracted^  in  order  to 

enable  the  silt-box  A  to  be  lifted  by  means  of  the 
handle  b,  when  the  iron  cover  or  grating  has  been 
removed.  These  traps  are  very  useful,  when  fixed 
for  cottage  uses,  with  the  scullery  sink  from  the 

cottage  or  medium-sized  house  delivering  over  them 
in  the  outer  air;  and  they  are  also  valuable  for 

the  reception  and  disconnection  of  laundry  wastes,  it  being  impossible  for  any  soap 
to  enter  tlie  drain  without  being  intercepted. 

The  yard  and  area  gullies  hitherto  described,  the  traps  of  which,  like  those 
at  Fig.  256,  have  deepened  bottoms,  are  provided  with  these  deepened 
portions  simply  to  catch  any  sediment  deposited  from  the  waste  water  of  the 

sinks,  and  for  surface-water  washinga  But  where  there  is  no  objection  to  such 
treatment,  wire-made  boxes  are  sometimes  suspended  over  the  waste  from  the 
sink,  which  is  made  to  project  through  the  wall  over  the  gully-g^ting,  and  in 
these  open  wire  gratings,  tea-leaves,  fish-bones,  fruit-peelings,  and  the  other  many 
things  which  pass  down  a  sink  are  intercepted — the  basket  being  removed  daily, 
and  the  contents  thrown  away  in  some  proper  place  provided.  There  would  be  great 
086  for  a  solid  interceptor  of  this  kind  outside  a  veiy  large  establishment  with  many 
servants  and  a  great  quantity  of  viands  to  cook  daily ;  but  I  see  no  necessity  for 
such  a  complication  in  case  of  an  ordinary  villa. 



OABDIX-CL-LUEB,   ETC 

Whilst  treating  npon  th«  Babject  of  golliea  outside  a  house,  and  in  eonjnnctim 

with  houae-dnunage,  I  most  not  neglect  to  deacribe  a  guUjr-trap  suitable  for  hm 
in  parterres,  garden-paths,  and  prirate  roads.  These  trap-chambers  are  genenU; 
bnilt  up  of  brickwork  in  cement,  and  fitted  either  with  dip-stones,  the  grating  bedng 
over  the  inlet  portion  of  the  trap ;  or,  the  trapping  is  formed  by  cast-iron  dii^iif- 
pieoea,  which  is  attached  hy  a  screw  to  the  iron  frame,  upon  which  is  hinged  the 
inlet  and  ventilated  grating. 

I  have  shown  the  latter  form  of  ti^  in  section  at  Pig.  257,  as  being  the  mo«t 
complete  arrangement  for  gnlliea  of  this  kind,  espedally  when  placed  in  roadsides 
with  a  good  declivity.  It  will  be  seen  that 
there  is  a  good  oollection-chaiuber  (or  road  detri- 

tus allowed  for  at  the  bottom  of  the  trap  at  a, 
and  that  the  traiqting-chamber,  which  Wj  be 
of  any  siie  to  suit  the  exigenoea  at  each  case,  and 
the  distances  between  the  traps,  is  msde  easily 
accessible  by  means  of  the  hinged  grating  cover  a 
Whether  the  outgo  f^om  these  garden  and  private 
road  gnlliea  be  into  the  hoose-drain  on  its  way 
to  the  outfoll,  into  a  separate  oatfall,  or  into  a 
pond  or  river,  this  species  of  trap  is  incontestably 
usefttl  on  account  of  its  accommodating  so  much 
gravel  and  sand,  which  would  otherwise  enter 
the  drain  and  clog  it.  It  need  not  be  feared  that 
the  Bun  would  ever  evaporate,  in  oor  climate,  the  Tis.  ssi. 

depth  of  water  between  the  bottom  of  the  dipping- 
flange  0,  and  the  surface  of  the  water  at  d.     And  speaking  generally  of  all  thoe 
gnlly-traps,  it  need  not  be  feared  that  the  trapping-water  would  freeze,  this  bnn^ 

rendered  impossible   owing  to   the   difference  of  temperature  between  an  uado-- 
ground  drain  and  the  open  air, 

OREABE-COLLEOTIKO  CHjUtBERS. 

There  is  another  kind  of  intercepting-trap,  which  I  have  found  in  my  ex. 
peiienoe  to  be  very  desirable  to  provide  in  connection  witli  the  house-drain  d 
any  dwelling  which  can  be  classed  above  a  large  cottage,  and  is  certainly  mdi«- 
pensable  in  conjunction  with  a  larger  residence  or  mansion — I  mean,  an  inWr- 
cepting  grease-chamber,  especially  prepared  to  receive  the  wastes  of  the  scdUn; 

Many  architects  and  engineers  do  not  see  any  necessity  for  the  collection  of 
the  grease  which  is  delivered  &-om  lai^  scullery  sinks.  Often,  however,  the 
absence  of  grease-chambers  has  proved  a  nuisance,  necessitating  even  the  taking-up 
a  portion  of  the  drains,  especially  in  the  immediate  neighbourhood  of  the  sculleiy 
sink. 

It  is  certtun  that  grease,  when  held  in  solution  by  hot  waf«r,  will,  after  flowing 
through  the  trap  dividing  the  sink  from  the  drain,  congeal  the  more  and  more  is 
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it  leaves  the  sink,  and  in  due  time  fill  up  the  drain,  and  necessitate  tlie  tearing-up 
of  the  flags,  the  making  of  openings  into  the  drain,  and  the  use  of  rods  such  as 
I  hare  drawn  at  Fig.  249,  and  the  like  contrivances,  to  remove  the  encrusted 
fatty  matter  inside  the  drain.  This  evil  state  of  things  especially  manifests  itself 
when  the  scullery  is  situated  at  the  far  end  of  the  drain,  that  is  to  say,  at  the  point 
of  the  drain  most  remote  from  the  outfall  into  the  sewer,  and  also,  when  there 

is  very  little  fall  in  the  drain.  It  is  not  to  be  supposed  that  scuUery-maids  will 
carefully  scrape  the  grease  out  of  the  pans  and  from  off  the  dishes— on  the  contrary, 
they  usually  take  a  dish  loaded  with  fat  on  its  surface  or  in  its  gravy  well-holo 
place  it  under  the  hot  water  draw-off  tap,  and  scour  the  whole  of  it  down  into  the 
drain.  On  one  occasion  I  noticed  a  cook  skim  the  fat  from  the  top  of  the  stock- 
pot,  and  empty  the  fat  directly  down  the  scullery  sink.  No  drain  could  be  expected 
to  work  properly  with  such  maltreatment  as  this. 

Another  reason  for  placing  a  chamber  of  interception  in  conjunction  with  the 
scullery  sink  is  the  necessity  of  catching  and  depositing  the  sand  used  for  the 
scouring  of  pots  and  pans,  and  so  preventing  the  sand  from  reaching  the  drain. 

Without  a  grease-chamber,  the  &t  will  clog  the  sides  and  any  rough  joint  of  the 
drain,  the  sand  will  become  incorporated  with  the  grease,  and  the  whole  will 
i^esult  in  a  mesa  It  .is  almost  inconceivable  what  a  quantity  of  combined  material 

of  this  kind  enters  the  house-drain  from  the  scullery  sink,  in  a  large  mansion. 
The  difficulty  is  not  removed  by  enhancing  the  sectional  area  of  the  drain,  be- 

cause this  only  produces  more  surface  for  the  grease  to  fasten  upon.  When 
once  the  grease  has  lodged  in  the  drain,  no  chemicals  or  any  amount  of  hot 
water  will  solve  it  and  pass  it  on  to  the  sewer;  and  not  the  worst  feature  of 

grease-lodgment  is  due  to  the  &ct,  that  it  offers  an  everlasting  enticement  to 
rats,  those  oe^uelesa  pesta  of  unclean  and  faulty  drainage. 

If  the  scullery  sink  were  situated  near  to  the  outfall  into  the  sewer,  or  discon- 
necting-chamber,  the  drain  might  be  trusted,  perhaps,  to  enter  the  latter  without 
any  interposed  grease-intercepting  chamber,  especially  if  the  waste-pipe  were  of 
an  adequate  size,  and  its  fall  into  the  disconnection-chamber  a  rapid  one.  But 
if  the  fall  was  insufficient,  the  result  would  be  the  same  as  fiw  as  the  clogging 
of  the  drain  goes,  and  would  even  be  worse,  because  the  grease  and  sand  would 

fill  up  the  syphon  of  the  disconnection-chamber,  with  the  resultant  of  a  com- 
pletely-stopped-up  drain,  with  backed-up  sewage. 

According  to  careful  experiments  made  by  Dr.  Bussell,  of  Edinbur^  upon  this 

subject,  he  found  that  without  a  grease-intercepting  chamber  of  a  suitable  kind, 
and  with  a  sluggish  fall,  as  it  is  called,  of  the  house-drain,  the  grease  will  deposit 
itself  about  three  feet  or  a  little  more  from  the  baso  of  the  scullery  waste-pipe;  with 
a  somewhat  better,  but  still  insufficient  fall,  at  a  distance  of  about  six  feet  from  the 

waste-pipe }  and  that  when  there  is  a  rapid  inclination  to  the  sewer,  then  at  a 
distance  not  exceeding  ten  feet  from  the  scullery  sink. 

In  a  long  discussion  which  followed  the  reading  of  a  paper  by  me  at  NewoasUe- 
upon-l^e,  the  majority  of  those  present  who  spoke  upon  the  questictti,  and  who 
were  men  eminent  in  their  various  professions,  were  of  opinion  that  grease-collect^ 
ing  chambers  became  a  necessity  in  some  cases.  It  may  appear  at  first  sight  that 
the  provision  of  such  chambers  is  a  return  to  the  old  system  of  objectionable 
oeaspools  in  connection  with  houses,  but  this  is  not  so,  for  nothing  should  be 
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allowed  to  enter  tlieae  reoeptaclea  but  the  acolleiy-Bmk  gteaae  wul  aand  wastm.  It 
is  not  wue  even  to  ftllow  nun-wKt«r  from  the  roofs  or  yards  to  enter  them,  becMiK 
such  wster  do«s  not  readily  jmm  throagh  the  layers  al  £at  vhich  fioat  on  the 
■nriace  inside  the  groasc  chamber. 

It  is  of  importaooe  Uiat  I  should  describe  several  of  these  grease-intox^pting 
chambers,  and  I  will  now  proceed  to  do  so.  For  a  small  honse,  where  a  household 
of  ten  or  twelve,  with  two  or  three  servants  are  accommodated,  I  would  i^commead 

  —  the  Doulton  stoneware  grease^ollectmg 
tank,  which  is  gi\-en  at  Fig.  358,  partly 
in  section  and  partly  in  elevation.     Ihis 

grease-interceptor  is  made  in  two  titts, 
I     to  oontajo  about  twenty-two  and  tweln 

gallons  respectively.      Ibe  inlet  from 
the  scullery  sink  is  at  a,  where  the  end 

I     of  the  two  or  three   inch   waste-pipe 
rests,  and   for   reasons   aforesaid,   the 
sink-waste    should    be     trs^ped    just 
nndemeatb    the    sink.      Hie    greasy 
water  delivered    from    the    nnk-tnp 

enters  at  A,  and  in  its  passage  down  to  the  outlet  of  the  chamber  b,  much  of  tlte 

fatty  particles  congeal  and  rise  to  the  top  of  the  trapping-water.     The  oatJet  into 
the  drain  is  at  a     No  cover  is  provided  with  this  pattern  of  chamber,  bat  it 
nevertheless  requires  one,  which  caa  easily  be  made  by  any  proper  artisan,  and 
hingeJ  ia  the  centre  bo  that  it  can  easily  be  lifted  up  for  cleaning  it  out     It  should 

be  understood,  however,  that  nothing  should  be  thrown  into  the  greaae-chambo' 
except  the  nsnal  sculleiy-uuk  wastes.     Provision  should  also  be  made  for  ventilat- 

ing the  diamber  to  a  sufficient  height  in  order  to  remove  the  st«am,  and  to  prevent 
its  being  given  off  into  the  scullery  atmosphere. 

A  larger-sized  grease-intercepting  tank,  also  of  stoneware,  known  as  Dent  and 

Hellyer's  pattern,  suitable  for  larger  houses,  is  shown  in  perspective  at  f1|t  SS9. 
Here  the  waste  dischaiged  into  the  tank 
rises  from  ir  to  the  sur&ce,  and  the  greasy 
matter  rises  up  to  the  surface  of  the 
trapping-water,  and  is  held  there.  The 
mouth  of  the  outgo  from  the  tank  is  at 
C.  In  order  to  clean  the  waste-pipe 
from  ̂ e  sink  an  access  ia  made  into 

it  at  D,  and  on  the  outgo  of  the  trap  a 

hand-hole  is  provided  at  B,  in  front  of  the 

mouth  of  the  drain,  tor  inspection  or' 
cleansing,   and   keeping  the   edges  &ee 

from  fatty  oonglomeration.     A  counter-  ng,  ̂ ^ 
sunk   hole  for  ventilating  the  drain  is 

made  at  T,  and  when  not  wanted,  it  is  sealed  over  by  a  bedding-down  cover. 

A  ventikting  arrangement  for  the  trap  itself  (inlet)  is  also  provided  at  a  'When 
the  drain  has  been  cleaned  out,  and  the  layers  of  fat  at  the  top  removed,  a  brass 

plug  and  waaher  is  sometimes  provided  as  at  b,  and  the  use  of  this  is  that  when 
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the  plag  is  draim  up  oat  of  the  dotted  pipe  h,  the  dirty  water  &eed  from  its  grease, 
empties  itself  mshingly  into  tlie  drain  and  flashes  it  oat  This  arrangemeiit  also 
provides  for  cleausing  out  the  drain,  vhich  is  done  by  filling  the  tank  a  few  times 

n-ith  hot  water  delivered  from  the  scullery  sink.  The  cover  is  of  metal,  and  fits 
into  a  grooTe  containing  india-rubber  pocking.  This  cover  is  shown  at  J.  Inao- 
much,  alsot  as  ontlet  ventilation  is  required  from  the  grease- chamber  in  order  to 
remove  the  st«am  and  decompoaed  gases,  two  outlets  are  provided  from  the  tank 
at  H  u,  and  the  outlet  which  is  not  the  most  oonvenient  one  to  make  use  of  can 
be  closed  up  by  a  stopper  provided  for  that  purpose.  It  must  be  understood  that 
the  flashing-plug  at  k  is  not  always  available,  because  the  drain  may  be  too  shallow 
to  admit  at  a  proper  connection  with  the  flushing  outlet  pipe  at  n,  with  its  own 
syphon  trap  dose  behind  it,  and  in  such  cases,  that  orifice  can  also  be  stopped  up. 

Preferably  these  earthenware  gresse-chambers  are  bedded  under-ground,  as  far 
as  the  sides  are  ctoicenied,  and  if  properly  used,  and  the  cleansing  oi  them  under- 

stood, they  prove  deanly  to  a  d^pree.  There  are  several  other  earthenware 
GontrivBiice*  of  this  dawr^tion,  notably  the  Weatherly  pattern,  made  by  Messrs. 
Sti^  but  I  need  not  figure  these.  I  have  not  chosen  inyidiously  tiioae  drawn  at 
Figs,  358  and  259,  bat  have  selected  them  as  characteristic  ones. 

In  very  large  mansions,  and  in  large  establishments,  such  as  dubs,  ikc.,  where 

u  excesive  quantity  of  grease  and  sand  passes  through  the  waste  of  the  scullery 
nak,  tiiese  comparatively  small  gresae-intercepting  tanks  are  not  advisable 
perhapa,  and  in  sach  cases  reeoatee  is  had  to  a  grease-chamber  formed  of  brick  in 
cement,  covered  with  a  stone  and  ring,  or  an  iron  manhole-cover ;  the  chamber 
lining,  of  coarse,  ventilated  by  a  pipe.  These  ventilating-pipes  should  in  all  cases 
be  led  np  to  a  sufficient  height,  so  aa  not  to  ventilate  the  chamber  at  a  level 
vith  any  windows,  &c 

Hie  worst  kind  of  this  laiger  trap  is  that  known  as  a  Mason's  or  dip  trap,  where 
a  dip  Etme  divides  the  greaae-chamber  into  two  halre^  and  where  the  wasto-pipe  of  the 
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flcullerj  ank  is  trmpped  bj  dipping  its  end  some  few  inches  into  the  trapping-wtter 
on  the  houM  side  of  the  trap.  Bach  a  kind  of  grease-chamber  is  not  a  cleanly  one, 
and  a  Car  better  pattern  for  large  establishments  is  shown  in  section  at  Fig.  260. 

Hie  scullery  sink  is  shown  with  its  acoess-trap,  and  with  its  delivery  into  the 
chamber.  A  rentilating-pipe  proYision  is  also  shown,  and  an  access  manhole^cover 
at  a  In  most  cases,  it  is  saffident  to  lead  the  waste  from  the  trap  under  the  sink  to 
its  outlet  without  interposing  a  golly,  such  as  is  shown.  But  where  sudi  a  gallj 
can  be  fixed  dose  to  the  sink  it  is  better,  because  the  hot  water  containing  the 

grease  will  pass  into  the  grease-chamber  before  congealing,  and  there  will  thus  be  a 
good  open-air  disconnection  between  the  sink  and  the  grease-chamber.  It  is  always 
preferable  to  provide  proper  air-ti^t-fitting  iron  manholes  to  these  chambers 
instead  of  stones,  with  counter-sunk  rings,  on  their  upper  sur&u^e.  There  are 
several  very  good  patterns  of  these  air-tight  flaps  in  the  market^  and  preference 
should  be  given  to  those  that  lock,  and  are  hinged.  The  worst  feature  of  these 

larger  brick-built  grease-collecting  chambers  is  that,  unlike  the  earthenware  ones 

shown  at  I^gs.  258  and  259,  they  cannot  be  removed  as  a  tenant's  fixture  and  taken 
to  another  dwelling.  I  should  here  add,  that  the  pipes  connecting  the  sink  with  the 
grease-chamber  should  be  of  lead,  not  less  than  three  inches  in  diameter,  as  a  rule ; 
and  this  lead  pipe  should  be  carefully  protected  from  rats,  as  I  have  freqnentl? 
taken  up  lead  pipes,  laid  underground,  into  which  holes  have  been  gnawed  Lu^ 
enough  to  pass  their  bodies  througL  The  best  plan  is  to  lay  these  underground  lead 
pipes  inside  drain-pipes  of  the  next  nearest  size,  and  fill  the  space  in  between  with 
some  material  which  will  not  act  upon  the  lead. 

lliese  grease-intercepting  chambers,  where  they  have  become  an  absohte 
necessity,  should  always  be  placed  outside  of  the  house  walls  proper ;  still,  cases  do 
occur,  especially  in  town  houses,  where  every  available  piece  of  open  area  groand 
has  been  appropriated,  and  thera  are  no  yard«,  and  they  must  perforce  be  placed 
inside  the  house.  In  such  cases  every  extra  precaution  should  be  exercised,  and  the 
chamber  specially  well  ventilated.  It  is  sometimes  also  very  desirable  to  ventilate 
the  sink  side  of  the  trap,  underneath  the  sink,  as  welL 

Whenever  these  grease-intercepting  chambers  have  been  deemed  a  necessity,  and 
cannot  be  dispensed  with  upon  any  reasonable  ground,  the  periodical  cleansing 
of  them  becomes  a  matter  of  the  utmost  necessity ;  for  if  not  regularly  cleaned  oat, 

the  edges  of  the  outgo  pipe  get  surrounded  with  grease,  the  grease — ^the  objec- 
tionable matter  in  the  trap — gets  into  the  drain,  and  the  whole  business  becomes  a 

fiasco.  The  proper  way  is  for  the  householder,  or  his  representative  in  the  hooae, 
to  contract  with  a  builder  in  the  near  neighbourhood,  and  engage  that  he  shall 
clean  out  the  chamber  every  one,  two,  or  three  months,  according  to  the  capacity  of 
the  intercepting-tank.    Where  this  precaution  has  been  taken,  no  mischief  can  aocme. 

It  is  true  that  the  floating  and  deposited  wastes  inside  a  grease-intercepting 
tank  generate,  during  decomposition,  very  disagreeable  smells ;  but,  provided  that 
the  chamber  has  been  ventilated  whenever  possible,  such  smells  cannot  enter  the 
interior  of  the  house.  Of  course  when  the  chamber  cover  is  lifted  up,  and  the 

process  of  cleansing  is  going  on,  a  very  disagreeable  odour  is  given  out.  But  no  one 

would  attempt  to  clean  out  a  grease-trap  unless  he  had  plenty  of  ground-hme^ 
or  some  other  suitable  material,  wherewith  to  neutralise  the  effluvia  during  the  very 
short  time  which  a  clever  labourer  would  occupy  in  performing  the  whole  businesa 
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CHAPTER    LXIV. 

SOIL-PIPES,   OUTDOOR  WATER-CLOSETS,   ETa 

Soil-pipe  Material :  of  Earthenware— Of  Zino*-Of  Wroiight-iron'-Of  Cast-inm^Iron  Soil-pipes  in 
America — ^Lead  Soil-pipe  and  its  Advantages— Fixing  Lead  Soil-pipes — Should  be  Outside  the 
House — Glass  Soil-pipes— The  Ventilation  of  Soil-pipes — ^JRain-water  and  Soil-pipes  in  One~ 
Servants'  Closets :  a  Bad  and  Good  Pattern— Trough  Closet— Oountry  Cottage  Closet— Urinals. 

Ik  the  ordinaiy  sequence  of  things,  we  now  approach  the  subject  of  soil-pipes,  which 
are  perhaps  the  most  important  of  the  whole  sanitaiy  equipments  in  a  dwelling. 
In  order  to  do  justice  to  the  subject,  it  will  be  necessary  to  be  somewhat  prolix, 
because  the  material  of  which  a  soil-pii)e  is  made,  its  position,  its  method  of  fixings 
and  its  ventilation,  have  all  to  be  separately  dealt  with. 

As  a  matter  of  course,  soil-pipes,  or  what  acted  as  such,  came  into  use  at 
the  same  time  as  the  water-closet ;  and  it  is  not  within  the  province  of  this  section 
to  enter  into  i^e  more  primary  methods  of  withdrawing  soil  from  upper  clo3ets, 
when  the  ancient  dry  methods  of  withdrawal  were  practised.  This  would  lead  into 
various  antiquarian  dissertations  not  germane  to  our  subject.  I  will  simply  deal 

with  soil-pipes  as  an  appendage  to  the  water-closets  of  the  present  day,  feeling 
certain  that  they  and  water-carried  sewage  will  prove  the  ultimatum  of  sanitation 
in  this  re§pect  wherever  any  large  community,  or  even  any  large  establishment, 
is  in  existence.  And  this  will  be  more  and  more  recognised  as  closets  improve 
in  design  and  manufacture,  as  soil-pipe  treatment  is  better  observed,  and  as 
diaconnection  and  ventilation  of  both  are  more  recognised  and  practised.  With 
regard  to  earth-closets  and  ash-closets,  these  do  not  come  within  the  range  of  this 
subject 

I  think  there  can  be  no  doubt  that  the  first  soil-pipes,  after  the  short  reign  of 
wooden  shoots,  were  constructed  of  simply  butt-jointed  earthenware  pipes,  unglazed 
either  inside  or  outside,  and,  in  fact,  little  better  than  ordinary  agricidtural  pipes  of 
the  present  day.  And  while  remarking  upon  earthenware  pipes,  I  beg  to  say  that 

soil-pipes  made  of  such  material  are  far  from  uncommon  at  the  present  day,  only 
that  they  take  the  character  of  dirty  glass,  or  salt-glazed,  socketed  earthenware 
conduita  In  my  opinion,  such  pipes  are  quite  unfitted  for  such  work,  inasmuch  as 
the  commoner  kinds  of  joints — ^which  are  mostly  used — are  liable  to  fracture  at  the 
biting,  and  even  the  pipes  themselves  to  crack  at  the  collars,  or  fracture  perpen- 

dicularly, owing  to  any  subsidence  in  the  foundation  or  extra  weight  from  abova 
Nor  do  the  patent  jointed  earthenware  or  stoneware  pipes  &ure  any  better.  I  had 
occasion  to  remove  the  whole  stack  of  a  soil-pii)e  from  three  closets  in  a  costly  house 
in  the  west  of  London,  which  had  been  placed  in  a  chase  in  an  inner  quoin  of  the 
building  with  the  very  best  motive,  and  found,  after  charging  it  with  water,  that  it 
leaked  at  half-a-dozen  joints,  and  that  it  had  been  crushed  apart  at  the  foot,  where  it 
joined  the  more  rigid  underground  drain*  Nor  was  this  a  solitary  instance  of  the 
^  of  choosing  such  weak  materiaL 
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Another  drawback  to  the  adoption  of  an  earthenware  pipe  is  the  certainty  tbat 
the  interior  ii  not  free  from  irregularitieB  and  ledges,  which  would  in  time  anert 

portions  of  the  noil,  and  cause  the  aoil-pipe  to  be  bcuily  encrusted  with  fcecal  matter; 
and  to  sum  up  in  a  very  short  way,  its  inappropriateness  as  a  soil-pipe,  its  disability 
as  an  exterior  soil-pipe,  with  all  its  rampant  ugliness  of  joint,  open  to  the  eye,  hss 
only  to  be  mentioned  in  order  to  ensure  its  utter  condemnation  in  that  respect^ 
however  small  the  diameter  may  have  been  arranged. 

Soil-pipes  composed  of  dnc  are  very  rare  in  London  or  large  towns,  but  are 
more  common  in  country  places.  I  never  met  with  but  two  examples^  Sudi  a 
material  is  totally  unfitted  to  serve  the  purposes  of  a  closet  descent  pipe,  as  it  will 
speedily  become  perforated,  and  is,  moreover,  too  rough  in  the  interior  and  at  tlie 
joints.  I  do  not  think  there  is  a  sanitarian  alive  who  would  advocate  the  adoption 

of  cine  soil-pipes. 
On  many  occasions,  in  town  and  in  country,  especially  where  such  pipes  have 

been  laid  in  the  immediate  neighbourhood  for  special  purposes,  the  unused  excess  of 

wrought-iron  pipes  have  been  adopted  in  buildings  with  a  mere  view  to  economy. 
But  it  need  hardly  be  said  that,  owing  to  the  exterior  perishing  and  interior  scaling 

of  this  metal,  its  suitability  to  act  as  a  soil-pipe  must  be  denied  beyond  all  question. 
Cast-iron  is  a  material  very  much  chosen  for  soil-pipes  by  many  architects, 

engineers,  and  builders,  and  it  will  be  worth  a  moment's  while  to  give  this  selecti(m 
a  little  consideration.  There  can  be  no  doubt  that  its  very  general  use  as  a  rain- 

water-pipe led  to  its  adoption  as  a  soil-pipe,  seconded,  as  the  choice  was,  by  the  fact 
that  it  was  a  far  cheaper  material  than  lead.  The  misfortune,  however,  due  to 
making  choice  of  this  material  is  due  to  the  fact  that,  as  a  rule,  workmen  will  not 

make  'a  satisfactory  joint.  The  vilest  attempts  at  making  a  joint  are  perpetrated. 
Looked  at,  therefore,  from  a  steadfast  sanitary  point  of  view,  which  seeks  to  eliminate 
aU  elements  of  a  doubtful  character,  one  cannot  hesitate  in  scouting  it  as  a  material 

for  soil-pipe  uses  inside  a  dwelling.  And  it  may  be  taken  as  a  safe  calculation 
that  if  a  conmion  rain-water-pipe  be  used  inside  a  house  as  a  soil-pipe,  an  escape  of 
sewer-air  or  drain-gases  into  that  house  is  simply  a  matter  of  time.  There  ifl^ 
moreover,  a  certain  difficulty  of  jointing  a  closet-trap  to  this  material,  unless  the 
work  be  executed  by  skilled  workmen. 

Even  when  a  cast-iron  soil-pipe  is  placed  outside  of  the  house,  there  are  certain 
precautions  to  be  taken  regarding  it  which  will  bear  repetition.  For  instance,  the 

joint  must  not  be  of  cement,  or  common  red-lead  and  fibrous  packing,  but  it  should 
be  lead  caulked.  And  then,  there  are  other  precautions  to  take  in  r^ard  to  it 
It  should  be  in  the  shade,  and  not  in  the  sun,  as  otherwise  a  fierce  sun  would  cake 
the  fluids  inside  as  they  dribbled  down,  and  form  the  nucleus  of  an  unwholesome 
obstruction.  Then,  again,  there  is  the  expansion  and  contraction,  due  to  heat  and 
cold,  and  a  possible  and  wide  alteration  of  the  ventilating  current.  Above  all,  a 

cast-iron  soil-pipe  is  liable  to  a  great  diminution  in  thickness  as  time  rolls  on,  and 
nothing  but  incessant  coats  of  paint  wiU  keep  the  outside  of  it  up  to  the  mark, 
even  if  the  interior  were  not  liable  to  corrosion  by  the  action  of  salts.  I  have  often 

had  occasion  to  visit  Paris,  to  inspect  the  cast-iron  soil-pipes  and  ventilating-pipes, 
which  are  almost  universal  there,  and  I  have  very  often  found  the  joints  unsafe, 
corroded,  and  giving  off  a  foul  smell.  To  remedy  this,  I  have  of  late  galvanised 
the  pipes,  both  inside  and  outside ;  but  I  have  lately  come  to  the  conclusion  that  the 
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BarjQBng  or  Bower-Barffing  process,  now  common  fqr  the  prevention  of  rust,  should 
be  applied  to  the  interior  and  exterior  of  all  cast-iron  pipes  used  in  any  way  for 
soil-conveyance. 

In  America,  iron  BoU-pipes,  preferably  outside  the  house,  are  very  much  in  use, 
and  the  regulations  adopted  by  Boards  of  Health  insist,  in  some  cases,  that  every 

soil-pipe  and  waste-pipe  should  be  of  iron,  free  from  holes,  and  of  a  uniform 
thickn^s,  of  not  less  than  one-eighth  of  an  inch  for  a  diameter  of  three  or  four 
inches,  or  5-32nds  of  an  inch  for  a  diameter  of  five  or  six  inches ;  and  for  large 
buildings,  the  use  of  extra  heavy  pipe  is  recommended,  the  four-inch  pipe  of  which 

scale  weighs  13  lb.,[and  the  six-inch  20  lb.  per  lineal  foot.  And  before  such  pipes 
are  fixed,  they  must  be  thoroughly  coated  inside  and  outside  with  coal-tar  pitch, 
applied  hot»  or  some  such  approved  substance.  Before,  also,  they  are  connected 
with  any  fixtures,  all  openings  have  to  be  stopped,  and  filled  with  water  for  the 
space  of  twenty-four  hours,  in  order  to  ascertain  if  there  exists  any  leak  or  leaks. 
As  for  the  joints  in  the  soil-pipes,  they  are  ordered  to  be  caulked  with  oakum  and 
lead,  or  with  cement  made  of  iron  filings  and  sal-ammoniac.  All  joints,  moreover, 
of  lead  with  iron  pipes  should  be  made  with  a  brass  ferrule,  caulked  in  with  lead, 
the  lead  pipe  being  attached  to  the  ferrule  by  a  wiped  joint. 

It  will  be  seen,  from  the  above,  that  in  America  very  strong  precautions  are 

taken  in  dealing  with  iron  pipes  as  soil-pipes,  and  that  the  joints  form  an  especial 

subject  of  care.  I  have  lately  seen  some  experiments  made  with  Spence's  metal 
in  jointing  cast-iron  pipes,  and  they  were  really,  in  my  opinion,  very  successful, 
and  this  material  may  some  day  be  in  common  use  for  this  purpose. 

There  can  be  no  doubt  that  the  best  material  for  soil-pipes  is  lead.  I  would 
not,  however,  advocate  the  use  of  pipes  formed  of  sheet  lead,  with  a  vertical 
soldered  joint.  It  has  been  incontestably  proved  that  pipes  of  this  description 
are  more  liable  to  perish,  inasmuch  as  the  solder  is  of  a  softer  nature,  and  nearly 
all  the  eases  of  bad  soil-pipes  exhibited  in  former  days,  as  a  caution  to  those 
concerned,  were  soldered  pipes,  the  jointing  of  which  had  been  almost  completely 
destroyed.  And  unfortunately,  also,  the  plumbers  turned  the  smooth  surface  to 

the  fronts  and  the  soldered  portion  to  the  inside  of  the  chases  in  the  wall,  ren- 
deling  it  a  very  difi&cult  thing  to  ascertain  whether  the  pipe  was  sound  or  not. 
Nowadays  plumbers  are  more  cautious,  and  those  of  them  who  deal  in  home- 
constructed  soil-pipes  turn  the  white  strip  to  the  eye. 

The  kind  of  soil-pipe  now  adopted  in  best  work  is  drawn  lead  soil-pipe,  without 
seam,  in  long  lengths  of  say  twelve  feet  or  more,  and  hydraulically  tested. 

Despite  this  testing,  I  once  came  across  a  piece  of  pipe,  new  from  the  maker's, 
upon  which  the  plumber  and  myself  observed  many  white  spots,  and  we  had  no 
difficulty  in  thrusting  a  common  pin  through  the  substance  of  the  pipe  into  the 
interior  by  means  of  the  finger  and  thumb.  But  I  have  never  observed  such  a 
case  since,  and  it  was  probably  unique.  Certainly,  one  has  encountered  sections 
of  lead  soil-pipe  thin  at  one  place  and  thick  at  the  other,  but  now  that  improve- 

ments have  been  made  in  manufacture,  such  a  thing  is  seldom,  if  ever,  heard  of. 

The  ordinary  thickness,  or  rather  weight,  of  a  soil-pipe  is  7  lb.  weight  to  the 
^oot  superficial,  but  this  can  be  enhanced.  As  a  rule,  with  the  ample  ventilation 

now  accorded  to  soil-pipes,  7-lb.  lead  is  sufficient  for  most  purposes. 
Lead  forms  the  best  known  material,  because  of  its   interior  smoothness,  ita 
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meUllic  comp«ctoeH,  utd  the  e—ineM  with  which  it  c&n  be  bent  bj  the  kid  of 

plomber*'  dnmnuM  ;  for  mt  the  present  dftj'  the  ordinary  elbow  joint  is  Rconttd, 
and  bent  jointa  pfttroniaed  instead,  by  all  who  nnderatand  good  work.  Periup* 

the  moat  intereating  exhibition  of  modem  days  was  the  plumbera'  competition  »t 
the  International  Medical  and  Banitary  Exhibition,  Sooth  Kensington,  in  1661 ; 

and  thoae  who  witneased  it  must  have  been  struck  at  the  great  trouble  whicli 

was  bound  to  be  takm  in  making  a  aoil-pipe  with  a  doable  beod  upon  it,  and  *t 

the  ease  with  which  some  produced  the  specified  bend  in  comparison  with  others. 

The  art  of  bending  a  pipe  and  beating  lead  into  any  reqaired  shape  constitutes  the 

t«st  by  which  a  good  or  bad  plumber  ia  known. 

THE  pixixa  or  BOEL-pirea. 

In  filing  a  soil-pipe,   either  inside  or  outaide  a  houoe,  and  whether  in  a  wall 

chase  or  otherwise,  one  of  the  chief  things  to  took  to  is  to  see  that  it  has  been 

prt^ierly  tacked  to  the  walls.     Tacks  (see  Fig.  261,  a  and  b)  are  pieces  of  lead 

fitatened  upon  the  back  of  the  soil-pipe,  and  fastened  to  the 
walk,  in  order  to  keep  the  pipes  in  their  proper  place,  aod 

pre\-eDt  the  weight  of  the  soil-pipe  from  causing  a  detach- 
ment from   the  closet-trapii,  a  disruption  of  the  joints,  « 

I  a  fiJling  of  the  pipe  into  the  junction  with  the  undergronnd 

I  drain,  which  would,  <rf  course,  block  it  up,  and  prevent  the 

I  passage  of  the  soil  into  the  sewer.     Tacks  are  either  angle 

or  double,  or  alternate,  and  they  should  not  be  more  than 

four  feet  apart     When  the  pipe  is  placed  in  a.  chase,  the 

best  way  to  make  the  connection  of  the  two  pipes  la  to  solder 

pjf,  m.  the  two  pipes  on  the  top  of  a  wooden  block,  the  lower  pipe 

being  spread  out  at  right  angles.  The  due  rigidity  of  a  soil' 
pipe  is  a  matter  of  the  utmost  oousequeuce.  I  examined  a  hospital  in  the  north  of 

England  some  years  ago  with  about  ten  stacks  of  soil-pipes,  and  there  waa  hardly 
a  joint  which  was  trustworthy,  owing  to  the  lack  of  these  precautions,  or  to  an 
insufficient  attention  thereto. 

It  is  a  very  common  mistake  to  choose  soil-pipes  of  too  large  a  diameter ;  ther 

are  frequently  found  in  West  End  squares  six  inches  in  diameter,  carrying  the  loil 

from  two  or  three  closets,  whereas  a  pipe  of  three  and  a  half  or  four  inches  diameter 

would  have  been  quite  suffidenL  I  have  never  made  use  myself  of  a  larger  pipe 

than  four  and  a  half  inches  diameter  for  five  or  six  ctoseta  on  the  one  tier  of  pipe, 

because  the  smaller  the  diameter  of  the  pipe  the  more  certain  that  it  will  be  well 

scoured  out  The  same  rule  should  obtain  here  as  with  soil-pipes  of  other 
materials;  they  should  be  kept  as  much  as  poasible  in  the  shade  when  on  the  outside 

of  the  house,  and  when  they  must  perforce  pass  up  inside  the  house,  they  ahonU 

never  be  associated  with  hot-water  pipes  in  the  one  chase. 

There  can  be  no  doubt  that  soil-pipes,  formed  even  of  lead,  should  be  on  all 

possible  occasions  taken  up  outside  the  houses  the  branches  from  the  P-tn^  of  the 
cloaets  or  other  oonnectiona  soldered  to  the  main  atack  outside.  Oocaaiona  will 

doubtless  occur  when  it  will  be  apparently  imperative  to  have  some  {apes,  in  the 

case  of  a  lar^e  mansion,  running  up  inside  the  house,  and  especially  so  when  an  old 

house  is  being  altered  j  but  in  a  new  house  no  soil-pipe  need  neoeaaarily-  stand  in 
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the  interior,  uid  a  wtef  can  alwa^  be  found  for  placing  this  kind  of  pipe  oubiide. 
The;  can  always  be  made  in  such  cases  to  resemble  rain-water  pipes,  by  fixing  a 
dip  over  the  joints  in  iron,  or  forming  astragal  beads  ;  the  top  of  the  pipes  can  also 
be  treated  with  a  dnmmj  rain-water  head.  So  much  trouble  waiS  found  necessary 
in  a  house  which  I  have  seen  in  London,  when  the  stack  pipe  necessarily  descende<t 
in  the  staircase  wall,  that  the  owner  had  the  whole  lead  pipe  taken  out,  and  an 
expensive  copper  one  fixed  in  ite  place.  This,  however,  was  estravaganoe  without 
adequate  return,  as  notliiog  can  be  sounder  than  lead  properly  treated. 

Some  sanitarians  have  advocated  the  nse  of  glass  as  a  soil-pipe,  because  it  is 
smoother  inside,  and  because  stoppages  or  lodgments  in  the  pipe  can  be  easier  seen 
through  its  medium.      But  taking  into  oraisideration  all  the  drawbaoks  which 
present  themselves  when  considering  glass,  however  thick,  as  a  material  for  soil- 
pipes,  the  idea  of  using  it  as  a  smLpipe  must  be  set  aside,  at  least  for  a  very  long 
time,  or  until  at  least  some  glass  has  been  produced  which  will  not  fracture  at  the 
joint  or  be  brittle  throughout  its  length.     The  only  kind  of  glass  [ape  at  all  fitted 
for  soil-pipes  is  the  glass-lined  iron  pipe  made  by  the  Qlass-lined  Pipe  and  Tube 
Company,  in  the  State  of  New  York.     This  consists  of  an  iron  pipe,  into  which  a 
tube  of  flint  glass,  one  size  smaller,  is  inserted,  the  space  between  being  filled  up 
with  a    plastic    non-oonducting    substance,    and    so    overcoming  the 
difference  of  expansion  and  contractioD  between  the  glass  and  iron. 
One  would  not  be  able  to  see  into  the  interior  ot  such  a  pipe,  but  they 
would  have  the  satisfaction  of  knowing  tiuA  there  was  a  smooth  interior, 
snd  that  hot  as  well  as  cold  water  would  pass  down  it  without  causing 
any  trouble.  i 

From  the  above,  I  think  it  may  be  taken  for  granted  that  drawn-lead 
pipe  forms  the  best  possible  material  for  soil-pipes,  and  if  the  joints  of 
such  pipes  are  well  made  everything  will  be  right.     Care  should  be 
taken  to  see  that  the  joints  are  not  what  are  called  slip  joints,  where 
one  end  of  the  pipe  is  slipped  into  the  end  of  the  other,  and  the  space 

filled  up  with  no  matter   what      N^either    should    the  joint  be  what 
is  called  a  copper  bit  joint,  because  it  is  a  weak  joint     The  best  joint       mg.  Ma. 
for  soil-pipe  work  is  the  wiped  joint  (see  Fig.  262),  and,  in  my  opinion, 
this  joint  should  be  made  by  the  plumber  himself  from  beginning  to  ending  of  the 
c^jeration.     Before  adopting,  at  all  events,  any  so-called  time-saving  methods  of 
joint-making,  by  casting  around  the  joint  with  any  material,  the  plumber  would  do 
well  to  be  very  certain  that  any  such  introduced  joint  is  efficacious  in  every  respect. 

VENTILATION   OP   BOlIi-PIFEB. 

A  Boil-pipe  should  always  be  ventilated,  and  sufBciently  ventilated.  The  usual 
prsctice  at  one  time,  when  the  necessity  for  it  was  first  mooted,  was  to  take  up  a 
tiiree-quarter  inch  or  an  inch  pipe  to  the  eaves  of  the  rool  Later  on  came  pipes  of 
one  and  a  half  inches  and  two  inches  diameter,  and  then  three  inches  and  four 
inches  diameter  followed.  At  the  present  day  it  is  almost  universally  admitted  that 
a  soil-pipe  should  be  ventilated  by  a  pipe  of  the  full  sectional  area  of  such  soil-pipe, 
and  that  this  ventilating  continuation  should  be  carried  up  to  a  distance  of  about 

four  feet,  remote  from  a  window  or  chimney-stack,  and  at  least  four  feet  above  any 
window  or  dormer  light;  the  top  of  the  pipe  to  be  protected  from  birds  by  some 
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suitable  cone,  ̂ e  only  matter  of  oontroveray  has  reference  to  whether  a  cloaet 
which  is  flituated  ou  the  ground  floor,  and  has  no  closet  above  it,  should  abo  be 

Tentilated  to  the  roof-top  with  a  pipe  three  inches  or  foar  inches  diameter.  My 
opinion  is  that  it  should  be  so  ventilated,  but  that  the  diameter  of  the  ventiktiTig- 
pipe  must  be  determined  according  to  circumstances. 

IMPROPBB  SOIL-PIPS  TRKATmDfT. 

Some  persons,  especially  builders,  ventilate  a  leaden  soil-pipe  by  a  ventilating  ooii> 
tinuation  in  rain-water  dowp  pipes  joined  together;  but  this  is  a  very  crude  and 
objectionable  method,  as  the  joints  are  always  precarious  in  their  quality.  And  any 
builder  will  find,  if  he  goes  into  the  matter  thoroughly,  that  he  can  erect  lead  pipe 

of  light  material  suitable  for  ventilating-pipe  for  the  same  price  that  he  can  fix  and 
properly  joint  a  cast-iron  pipe  up  the  face  of  a  walL  Zinc  is  a  material  not  to  be 
thought  of  for  this  purpose. 

It  is  constantly  a  matter  of  surprise  and  disgust  to  notice,  especially  in  modem 

houses  built  for  the  working  and  middle  classes,  how  often  rain-water  pipes  are 
made  to  do  duty  as  soil-pipes  as  well ;  how  often  the  waste-pipes  from  baths  and 
sinks  are  taken  into  such  combined  pipes ;  how  always  these  pipes  communicate  at 

the  foot  with  the  house-drain,  not  disconnected  ftam  the  sewer  in  any  way ;  and 
how  veiy  frequently  such  pipes  doing  double  duty  terminate  level  with  the  top 
windows,  giving  off  a  dangerous  effluvia  into  the  warmer  room  whenever  the  top 
sash  is  pulled  down,  or  perhaps  the  bottom  one  lifted.  There  ought  to  be  a 

stringent  law  passed  against  this  pernicious  practice,  and  all  rain-water  should 
descend  to  tiie  ground,  and  deliver  in  disconnected  fashion  over  the  trapping-water 
of  a  proper  gully.  Some  sort  of  a  disconnection  should  also  be  practised  with  the 

soil-pipe.  It  may  sometimes  be  a  matter  of  convenience  to  take  bath  or  sink 
wastes  into  a  rain-water  pipe  which  is  open  at  the  bottom,  but  it  is  far  better  to 
provide  a  separate  bath  and  sink  waste-pipe,  cutting  it  off  at  the  bottom,  and 
canying  it  up  to  the  eaves,  so  as  to  obtain  a  current  of  air  through  it^  and  rid  the 
pipe  of  the  smell  due  to  decomposed  soap. 

To  conclude  my  remarks  upon  soil-pipes,  nothing  should  ever  enter  these  pipes 
but  closetHBoil,  and  the  waste  from  urinals,  and  chamber  slops. 

servants'  closets. 

With  regard  to  the  water-closets  inside  the  house,  and  all  services  in  connection 
with  the  interior  of  the  dwelling,  this  has  been  already  entered  into  under  the 
heading  Architecture;  and  it  will  be  sufficient  for  me  here  to  say,  in  order  to  give 
coherence  to  the  foregoing,  that  no  closet  should  ever  take  the  pan  pattern,  with  its 

huge  iron  container  and  large  D-trap,  but  rather  the  valve  pattern^  with  lead  F-trap 
underneath,  or  any  of  the  many  improved  flushing-rim  closets,  made  in  one  piece, 
with  trap  below.  Leaden  trays  under  these  closets  inside  the  house  should  have 
their  wastes  taken  through  to  the  outer  air,  with  a  small  eopper  flap  attached. 

The  traps  and  valve-boxes  are  also  best  when  they  are  ventilated  by  pipes  separated 
from  the  soil-pipe ;  and  when  an  overflow-pipe  is  attached  to  the  basin,  they  should 
preferably  be  taken  separately  from  the  soil-pipa 

It  comes  within  the  province  of  my  section  to  deal  with  wateix;losets  outside 

the  house  for  servants'  use,  inasmuch  as  such  closets  join  the  drain,  especially  in 
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conntiy  houses,  at  some  distance  from  the  residence ;  and  even  in  town  houses  they 
ihould  be  outside  the  dwelling,  and  never  inside,  save,  for  instance,  in  the  area,  or 
in  a  &ont  or  back  yard  entered  from  the  open  air,  and  ventilated 

into  it.     As  a  general  rule,  servants'  closets,  being  situated  o) 
baaement-level,  do  not  require  ventilatiag-pipes,  although  i 
times  it  is  wise  to  provide  them. 

There  is  a  form  of  closet  which  is  in  use  almost  universally  in 

servants'  retreats,  and  that  is  the  common  deep  hopper  closet,  the 
Qashiiig-wat«r  being  led  through  a  pipe  at  the  top,  where  it 
simply  twists  about  inside  the  basin  until  it  reaches  the  syphon. 
The  interior  of  this  pattern  closet,  which  is  shown  at  Pig.  263,  is    

always  filthy  in  the  extreme,  and  the  flushing-water  veiy  rarely,  ̂ ^  jgj_  " 
if  ever,  flushes  out  the  syphon,  A.  The  pattern  of  closet  which 

should  be  chosen  is  the  flushing-rim  basin,  with  a  shallower  body,  and  with  a 
syphon  having  an  accesa-cap  on  the  top  of  the  outgo,  so  as  to  enable  it  to  be 
easily  cleansed.     There  are  many  very  good  patterns  of  servants'  closets  in  the 



640  OOK  BOMK 

market,  nnd  this  beiiig  to,  it  is  qnita  reprehensible  to  aae  snch  k  closet  as 
that  ftt  Fig.  263;  and  no  matter  vhat  pattern  of  cloaet  be  adopted  of  tk 
waah-out  pattern,  thejr  ihould  alvaya  be  flaahed  from  a  disconnection  cisimi 
with  automatic  action  s)^hoD  inmde,  and  separate  ball-valve;  the  deppding 
handle  in  connection  with  which  requires  only  to  be  tonched  in  order  to  deliver  the 
whole  of  its  oontenta  of  two  or  three  gallons  down  the  closet.  A  closet  whidi  ii 
merely  supplied  from  a  cist«m  above,  without  tlie  small  flushing  automatie  delivery 
cistern  just  described,  is  very  little  better  than  a  closet  without  fludung-water  at 
all.  As  a  rate,  servants  will  not  hold  down  the  wire  and  ring  suffirieutly  long  to 
obtain  an  appreciable  flushing,  and  the  drain  in  the  immediate  nei^boorhood,  uul 
beyond  it,  beoomes  blocked  up  in  oonMqneno& 

Within  the  last  few  years  a  moat  excellent  form  of  closet — where  there  area  nniiil)er 
of  male  servante  {see  Fig.  264  for  plan  and  sectional  elevation) — has  been  devised,  m 
which  the  bauns  deliver  into  a  trough,  a,  and  a  due  flashing  is  maintained  by  meaoi 

of  a  cistern,  B,  fitted  with  one  of  Field's  patent  annular  syphons,  D,  described  later, 
which  delivers  itself  automatically  when  folL  This  flushing-cistern  is  fed  by  a 
tap,  c,  which  need  merely  dribble  into  it.  The  delivery  of  the  contents  is  very 
speedy  down  the  large  waste-pipe,  k,  although  it  may  take  several  hours  to  fill  tlie 
cistern.  And  another  advanbge  is  that  the  delivery  <rf  water  from  the  tap,  c,  into 
Uie  cistern,  B,  can  be  so  arranged  that  it  will  go  off  persistently,  after  any  lapse  of 
time,  according  as  the  quantity  of  water  issuing  from  the  tap  is  seL  Thus,  at  anj 
stated  period  of  the  day,  say  morning,  noon,  and  night,  or  oftener,  a  oertain  number 
of  gallons  will  sweep  out  the  trough  to  the  drain  or  sewer,  without  any  person 
requiring  to  go  near  it  for  years.  Fig.  261  shows  a  closet  of  this  kind,  manu&ctored 
by  Messrs.  Bowes,  Scott,  and  B«ad.  I  have  drawn  it  witi  only  three  cloBet^  but 
of  course  it  would  work  with  others  added.  No  doors  are  shown  to  the  closets,  so 
as  not  to  complicato  the  sketch ;  but,  as  a  matter  of  course,  tlieee  would  be  fixed  to 
each  closet,  and  privacy  obtained. 

This  kind  of  closet  is  also  very  suitable  where  many  female  servants,  especially 

laundiy-maids,  are  kept     The  quantity  of  water  consumed  is  little  more  tiian  the 
total  of  what  is  used  after 

every  discharge  of  an  or- 
dinary closet  per  diein, 

and,  in  a  manner  of 
speaking,  thrown  away 
without  benefit  to  either 
doeeb  or  drain. 

It  oflen  happens  that 
there  is  no  flushing-water 
to  be  obtained  in  coontiy 

cottages  for  the  use  of  the 
closet,  while,  at  the  same 

'*■'"■  time.thewastesofthesink 
and  washing-water  would  be  beneficial  in  cleaning  out  any  drain-pipe  in  connection 
with  the  privy,  and  be  a  means  of  taking  the  excreta  to  the  garden,  or  to  some  place 
where  it  could  be  dealt  witb.    I  give  a  view  of  such  a  closet — also  by  Messrs.  Bowes, 
Scott,  and  Bead — at  Fig.  266.      The  scullery  sink  is  at  a,  and  the  flnsbing-tank^ 



UBIKAUL  641 

which  is  aitother  pattern  of  Mr.  Keld's  arrangemeiit,  is  at  &  This  tank  when  full 
delivers  itself  aatomaticaUjr  in  large  volume  down  the  pipe,  c  c,  and  clearB  out  the 

syphon,  D,  and  the  soil  wbioh  fell  down  the  closet>-pipe,  e  e,  washing  the  whole 

contents  down  the  outiall-pipe,  F.  This  arrangetDent  is  far  preferable  to  anj  kind 

of  privy,  because  it  utilises  the  slop-wastes,  and,  at  the  same  time,  keeps  the  closet 
clean.  As  a  matter  of  course,  with  such  a  closet  no  basin  must  be 

used,  and  the  sides  of  the  soil-descent  pipe  should  be  kept  clean. 

•
^
 

U  RIVALS. 

An  equally  important  thing  about  a  household  with  a  retinue  of 

men  servants  is  to  have  a  proper  urinal  provided  for  their  use  ; 

in  these  days  of  improvements  it  would  be  a  folly  to  recur  to  the 

old  stone  sink,  or  to  any  pattern  of  this  convenience  which  would 

not  permit  of  an  automatic  discharge  of  some  two  or  three  gallons 

of  flushing-water  every  few  hours,  so  as  to  keep  it  quite  dean. 

Treadle-valves  are  veiy  apt  to  get  out  of  action  by  wear  and  tear, 
&Dd  a  continuous  stream  down  the  back  of  the  urinal  takes  a  ixm- 

siderable  quantity  of  water  during  the  day. 

I  show  at  I^.  366  an  ordinary  urinal,  having  attached  to  it  a 

pipe  in  connection  with  a  small  Jennings'  automatic  flushing-cistern, 
iato  which  tJie  veiy  merest  quantity  of  water  is  allowed  to  faU. 

When  ̂ e  automatic   cistern  at  a  is  full,  the  water  descends  the 

pipe,  c^  full  bore,  passes  through  the  spreader,  b,  and  cleans  the        f^  ̂ ^ 
urinal  from  any  offence.     I  have  used  this  arrangement  in  hospitals 

with  great  sucoess.     All  that  b  needful  is  to  keep  the  flushing-cistern  out  of  the 

reach  of  frost,  and  there  can  be  no  difficulty  in  doing  this  wherever  the  urinal 
maj  be  fixed. 
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DnOOKKlCnON  AKD  TKimLATIOK  OP  DBAm 

DeAnitioQ  of  and  Nwcieiiity  for  DiwooneeiMm— Aa  BxAmpU  of  a  ample  DMcoimection-toy— Improyeil 
STphoDi  for  Diinonmwtton-cfaMpben—  A  Genenl  Diaoonneetion-chuDber  for  tiie  whole  Dniw  <tf 
a  Houae— Syphona  ahoiild  be  of  Ioh  Diameter  than  the  Drain-pipee— Boles  gmding  the  God- 
■tnictMm  of  theie  Chamben — Airtight  and  open  llanholei— Examples  of  Disoooneeting-tnpt  tt 
ieet  of  Soil-pipes— Hie  two  Hethods  of  Sepuate  and  GoUectiTe  Diaoonneetion— The  Testing  of 
Undeivroond  Drains  and  Upright  Pipes,  f or.Freedom  from  Leakage^Tidsl  YalTes— Diaia-ihiahittg. 

I  NOW  approach  the  subject  of  Disconnection  between  the  house  and  the  house- 
drain  or  outfall  beyond,  and  it  is  a  matter  of  the  utmost  importance  that  this  should 
be  thoroughly  arranged.  I  have  already  pointed  out  how  the  wastes  of  sinks, 
lavatories,  and  baths  should  be  disconnected  in  the  open  air,  and  also  the  feet  of 

rain-water  pipes.  It  may  be  taken  as  a  safe  and  most  general  rule  that  nothing 
should  enter  a  drain  direct,  a  soil-pipe  only  excepted  which  has  been  dolj 
ventilated.  Every  other  waste-pipe  should  deliver  in  the  open  air,  over  or 
under  a  gulley-grating. 

Within  the  last  ten  years  or  so,  it  has  been  often  proved  that  a  soil-pipe  or 
house-drain  cannot  be  said  to  be  ventilated  unless  a  current  of  fresh  air  be  con- 

stantly taken  into  it,  and  as  continuously  discharged  at  the  top  of  the  soil-pipe  or 
other  special  ventilating-pipe.  Supposing,  for  instance,  that  a  soil-pipe  were 
trapped  at  the  foot  simply,  and  no  current  of  fresh  air  admitted  between  the  trap 

and  the  soil-pipe,  then  this  soil-pipe  cannot  be  said  to  have  been  ventilated,  for 
it  will  be  full  of  foul  air  derived  from  the  house-drain,  cesspool,  or  sewer,  and 
nothing  in  the  shape  of  an  extracting-cowl  fixed  upon  the  top  of  the  ventilating- 
pipes  could  have  the  effect  of  removing  the  foul  air  from  the  pipes. 

The  first  publication  of  the  necessity  of  providing  an  inlet  for  air  between  the  soil- 
droinand  the  soil-pipe  or  house  has  been  claimed  by  several  persons,  and  the  controversy 
has  led  to  an  extensive  series  of  articles  in  the  various  sanitary  and  building  journals^ 
It  would  appear  that  Dr.  Buchanan  pointed  out  the  necessity  for  this  when  at 
Croydon  in  1875,  and  in  a  sketch  which  he  furmshed  in  his  Report  of  the  following 
year  to  the  Local  Government  Board,  he  drew  an  upright  air  inlet-chamber  between 
the  house-drain  and  the  sewer,  with  a  view  of  supplying  the  honse^lrain  with  a 
current  of  fresh  air,  removing  it  by  way  of  a  ventilating-pipa 

Dr.  Andrew  Fergus,  of  Glasgow,  also  demonstrated,  about  this  time,  the  necessity 

of  replacing  the  foul  air  by  fresh,  and  several  patents  followed ;  notably,  those 

taken  out  by  Buchan,  Banner,  and  Potts.  I  do  not  mean  to  say  that  fresh-air 
inlets  were  not  invented  before  the  year  1875,  but  it  was  about  this  time  that 
sanitary  engineers  began  to  insist  upon  their  being  provided.  Mr.  Dodson,  of 
Glasgow,  states  that  the  system  of  air-inlets,  with  assisted  withdrawal  of  such  air 

in  drain-pipes,  was  practised  by  him  as  far  back  as  1872.  Soil-pipes,  some  twenty 
years  before  this  time,  were  cut  off  at  the  foot,  so  as  to  get  a  current  of  air  through 
them,  but  no  trap  was  provided. 
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A  vei;  oomplete  idea  of  the  action  and  nsefulnesa  of  a  diaoonnection-tr&p  will 

be  obtained  by  an  examination  of  the  Potts'  Edinburgh  air-chamber  aever-trap,  one 
of  the  first  which  was  brought  into  the  market     It  is  largely  used  at  the  present 

time,  and  is  doing  excellent  work.     I  give  a  view  of  this  cjiamber  at  Fig.  267. 

The  air^hamber,  or  inlet  of  fresh  air,  is  at  a,   and  the  soil-pipe  is  shown  at  b; 

at  L  is  shown  a  rain-water  pipe,  and  at  k,  in  the  side  of  the  air-chamber,  is  drawn  a 
^de  opening  for  similar  wastes  requiring  disconnection.     An  open  grating  over  tibe 
lumihamber  is  shown  at  e,  and  between  the  upper  grating  and  the  chamber  a  second 
grating  is  provided,  with  the  intention  of  filling  it  with  charcoal,  but,  as  a  role,  this 

IB  now  discarded.     A  division-plate  is  provided  at  o,  with  the  intention  of  creating 
a  cnrrent  of  air  in  the  air-chamber.      A  small  ventilatisg-pipe  is  also  provided 
between  the  trapping-water  of  the  syphon  and  the  ontfall-drain,  with  a  view  of 
ventilating  the  drain  beyond  the  syphon ;  but  it  is  not  deeiiable  to  ventilate  the 
drain  beyond  the  syphon,  against 

the  house  wall,  beyond  the  outlet  O.  I 
It  win    be    seen  ̂ m  the   sketch 

and  explanation,  that  an  air-chamber 

is  provided  between  the  trapping- 

water,  D,  and  the  wast«-pipes  de- 

scending from  the  house.    AJl  con- 

nection  between  the  house-pipes  and 

the  external  drains   is  thoroughly 

severed,  and  no  drain-gases  can  be 

sacked    into     the    house-  drainage 
mtem,  because,  when  the  air  in  the 

house-pipes  becomes  warm,  fresh  air 

would  be  drawn  through  the  grating  ^' 
E.  As  a  matter  of  conrse,  also,  any  foul  air  from  the  outfall,  which  may  happen  to 

saturate  the  trapping-water — a  thing  which  very  s^dom  happens — would  escape  up 
through  the  giating,  and  be  dispersed. 

I  will  ̂ ve  an  instance  of  some  other  forms  of  disconnection-chambers;  but  I 

wish  to  point  out,  before  going  any  farther,  that  there  are  two  ixt  three  sound  rulea 

omnected  with  the  use  of  these  disconnection-chambers,  which  it  would  be  well  to 

point  out  For  instance,  although  it  may  always  be  done  with  impunity  with  such 

a  trap  as  this,  provided  that  the  pipe  were  open  at  the  top,  it  is  unwise,  from  a 

hi(^  sanitary  point  of  view,  to  lead  the  wast«  of  a  bath  directly  into  the  air- 

cLamber,  as  shown  at  k  and  l.  Clear  wastes  of  this  description  from  baths,  clean 

water  sinks,  and  lavatories,  &c,  should  first  of  all  deliver  into  an  open  gully,  aa 

>hown  at  k,  Fig.  269,  the  trapping-water  of  such  gully  discharging  into  the 

disconnection-chamber  by  way  of  pipes  drawn  abov&  This  would  be  a  wise 
precaution,  because,  after  all,  the  soil  from  the  closets  must  pass  through  the  open 

chamber;  and  unless  there  be  a  sufficiency  of  flushing- water,  ih»  chamber  will 

become  somewhat  foul.  The  sketch  at  Fig.  267  shows  a  vety  deep  air-chamber,  and 

it  is  sometimes  impossible  to  obtain  such  an  incline  into  the  syphon ;  but  the 

msken  at  Birmin^am  have  lately  provided  various  depths  of  chambers,  so  as  to 

suit  less  rapid  &lls. 

Many  forms  of  improved  syphons  have  beeti  constructed,  with  a  view  of  obtain- 



844 

r«.is8.-nM. 

ing  «n  vntiy  into  tin  disin  beyond  tiie  tnp,  in  wder  that  t^«  d»ia  can  be  deuied 
oat  hj  meMia  of  rod*  or  poiodically  flnahsd.  And  having  seen  by  experienoe  tlul  it 
wu  wiae  to  radnoe  the  pTMBore  of  tit  agMUst  Uw  water  in  the  trap,  at  the  foot  of 
the  diaoonDection-chamlier,  varimu  forma  of  air-ioleta  have  been  devised,  wk««vidi 
to  ventilate  the  diain,  between  the  tiap  and  an;  oidiiuuy  c^a  outfalL  Thu 

thing  on^t  eapedaUr  to  be  bcHiie  in  mind.  When,  for  instance,  suck  a  di»- 
connectwn-chainber  arrangement  as  ia  drawn  at  Fig.  267  must  neoesBsrily  le 

1  at  a  oonndenUe  distanee  from  the  bou«e,  freeh-air  inlets,  protected  fnaa 
vermin,  shauld  be  provided,  in 
order  to  give  an  acoeadon  of  freidi 
air  along  the  route  of  the  dtaiu. 

At  Fig&  268  and  269  I  give  an 

exampleof  adiaconnectiDn-cbamber 

^'l  K  — r\  of  another  cfaaraoter,  which  ia  not 
■old  complete  in  earthenware piecea, 
ready  for  jointing  together,  like  the 

Potts* trap.  Fig.  267,  but  is  imiltMp 
to  soit  a  drain  at  aome  depth,  sa; 
aix,  eight,  or  ten  feet  or  more,  below 
the  surface  of  the  ground.  I^  368 
is  a  plan  and  Fig.  269  a  section,  of 
an  airohamber  of  this  sort  Here, 
the  walls  are  formed  of  brickwork 

in  cement,  and,  as  will  be  seen, 
the  shaft  is  just  GuScientl;  large 
to  permit  a  roan  descending  it,  b; 

means  of  the  Jacob's  ladder-rings, 
drawn  at  a  A.  In  chambers  of 

tlieee  deptbs,  and  in  order  to  pro- 
vide a  Rpace  for  tJie  whole  of  the 

main  open  channel,  b,  and  the 
syphon,  o,  it  becomes  necessary  to 
throw  an  arch  over,  as  drawn  at  d. 
Within  the  lost  few  ye«ts,  in  onler 

to  form  cleanlier  work  than  cement  would  make,  balf-open  pipes,  curved  in  every 
direction,  have  been  made,  in  order  to  lead  the  wastes  of  ontlying  drains  and  closets, 
sinks,  or  back-yards  and  areas  into  the  main  open  channel,  b,  which  passes  through  the 
disconnection-chamber.  Some  of  these  cunes, designed  by  Mr.  Field,  can  be  seen  on  the 
plan.  Fig.  268.  In  such  a  case  as  this,  where  the  dnun  lies  so  deep,  efipecially  if  it 
be  near  the  house,  it  is  found  mostly  advisable  to  cover  over  the  shaft  with  a  dose 
iron  manhole  at  b,  and  to  lead  a  current  of  fresh  air  into  tlie  chamber— for  instance, 
at  F— by  means  of  a  six-inch  pipe,  oonveyed  to  the  nearest  wall,  and  oonnectod  with 
a  twelve-inch  open  grating,  built  some  foot  oc  bo  above  the  ground  (see  w,  Fig.  272). 
The  fresh  air,  tjius  admitted,  would  pass  up  the  drain-pipe  a.  Fig.  268,  along  the 
drain,  and  be  dischaigod  by  way  of  the  ventilating-pipea  at  the  end  of  each  rami- 

fication of  the  drain. 

In  building  disconnection-chambers  of  this  description.  It  should  be  home  in  mind 

nc9%-8BeUaa. 
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that  no  pipe  should  deliver  its  contents  from  a  height  above  the  open  channel ;  bnt, 
on  the  contrary,  the  pipes  should  be  led  down  so  as  to  deliver  on  the  top  of  the 
main  open  channeL  This  can  be  done  either  by  bringing  the  pipes  down  inside 
the  chamber,  as  drawn  at  h  i,  or  by  leading  them  down  outside  the  wall,  as  shown 

at  J.  If  this  rule  be  not  rigidly  observed,  the  sides  of  the  air-<ihamber  will  become 
foul,  and  generate  unhealthy  smells.  The  tributary  open  pipes,  whether  straight  or 
curved,  should,  moreover,  deliver  their  contents — not  level  with  the  bottom  of  the 
main  channel  B,  but  on  the  top  of  it,  as  shown ;  by  this  means  obtaining  for  the 
wastes  a  certain  cascade  action,  beneficial  alike  to  both  channel  and  syphon. 

Figs.  268  and  269  exhibit  some  further  points  o^  some  consequence  to  the  con- 
structor of  a  disconnection-chamber.  For  instance,  a  syphon,  with  a  raking-inlet 

pipe  cast  upon  it,  is  drawn  at  c.  This  inlet-pipe  affords  a  ready  means  of  cleaning 
out  and  flushing  the  drains,  as  before  described 

Experience  has  taught  engineers  that  a  syphon  trap  should  always  be  of  less 
diameter  than  the  main  drain  in  front  of  or  beyond  it.  For  instance,  the  six-inch 
drain  from  the  house  at  Fig.  269  is  made  to  deliver  into  a  four^ch  syphon,  and 
beyond  the  syphon  at  K  is  shown  a  tapered  pipe  to  lead  the  wastes,  which  have 

passed  the  syphon,  back  again  to  the  six-inch  drain,  leading  to  the  outfall  In  some 
cases,  a  six-inch  pipe  may  deliver  through  a  six-inch  syphon.  Certainly  a  nine-inch 
drain  should  never  deliver  into  a  bine-inch  syphon.  As  for  a  twelve-inch  pipe,  it 
shoald  never  deliver  into  anything  but  a  nine-inch  syphon,  but  the  necessity  for  such 
large  pipes  as  that  last  mentioned  is  seldom  to  be  thought  of  for  house-drainage. 

When  the  drain  is  a  shallow  one,  of  course  the  turning  of  an  arch  over  the  open 

channel  of  the  disconnection-chamber  is  not  necessary,  and  the  wall  would  be  carried 
up  to  the  surface  from  about  the  middle  of  the  syphon,  where  the  raking-inlet 
terminatea  With  chambers  that  are  thus  shallow,  the  cleanliest  practice  is  to  build 
the  chamber  with  glazed  brick  facings  to  match  the  glazed  white  channeling  below. 
The  splayed  bed  from  m  m  to  the  channels  can  be  sufficiently  well  treated  with  fine 

cement.  When  the  disconnection-chamber  is  being  built,  it  should  be  btiilt  with 
brickwork  in  cement,  upon  a  bed  of  concrete ;  and  when  there  is  any  subsoil-water 
to  deal  with,  the  walls  should  b^  puddled  outside  with  clay,  so  as  to  prevent  ooze 
aud  discoloration. 

In  Fig.  269,  the  entrance  to  the  disconnection-chamber  is  covered  with  a  closed 
iron  manhole,  and  in  order  that  there  should  be  no  objectionable  circulation  between 

it  and  the  air-inlet,  f,  it  is  necessaiy  to  provide  a  manhole-cover  which  should  be 
perfectly  air-tight,  and  require  no  periodical  charging  with  water  or  with  sand, 
where  the  dipping  piece  of  the  door  fits  into  the  groove  of  the  iron  frame.  It  is 

also  essential  t^t  this  manhole-cover  should  be  kept  locked,  and  a  locking  apparatus 
and  suitable  key  are  therefore  advisable.  When  it  is  open  it  is  advisable  also  to  be 
able  to  throw  it  over  its  perpendicular,  or  provide  it  with  a  proper  strut,  so  as  to 

render  it  impossible  for  the  door  to  descend  on  a  man's  head. 
A  very  reoommendable  example  of  a  hinged  air-tight  manhole-cover,  and  one 

very  generally  used,  is  drawn  at  Fig.  270,  and  is  known  as  Angell's  Patent,  London. 
The  iiap  is  rendered  air-tight  when  closed  by  the  flange  A,  which  runs  entirely 
round  the  inner  side  of  the  frame,  as  shown  at  Fig.  371,  and  which  presses  itself  into 
ft  packing  of  suitable  material,  which  is  fixed  in  the  groove  formed  in  the  under 
side  of  the  flap  at  B*      There  are  other  air-tight  manhole-covers  in  the  market^ 
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wkkh  either  lift  vp  or  lock,  uuong  whicb  may  be  mentioned  that  of  F.  Dyer,  of 
London. 

When  the  diaoonneciion-chAmber  ia  not  pUoed.  in  too  close  proxiiiu^  to  i1k 
house,  or  not  inside  a  yard  sorrounded  hf  mils,  it  is  very  advanttgeoua  to  nuke 

use  of  &  manhole-oover  with  an  open  grating.  There  are  of  coune  ntasj  patterns 
of  this  kind,  and  they  may  be  either  made  to  look  or  otherwise.  It  is  better  to 
hare  tiiem  made  so  as  to  lock,  and  they  should  be,  moreover,  sufficiently  strimg  hi 
allow  a  cart  to  pass  over  them  without  fracturing  them. 

As  open  manhole-covers  (^  this  kind  are  frequently  placed  in  fields,  t)ie  necesdtj    | 
for  locking  them  is  all  the  greater,  because  cattle,  placing  th^  feet  on  a  corntf  of  m    ' 
unlocked  gratinjir,  are  apt  to  tilt  it  up.     Open  gratings  of  tliis  description  should  be 
fitted  up  with  a  mesh  of  copper  wire  under  the  grating,  bo  as  to  prevent  the  ecti?    I 

of  leaves.      Excellent,   although  differing,  ̂ i- 
amples  of  open  gratings  suitable  for  the  aboir 
purposes   are   manufactured   by  Pamell,  and   | 
Bailey  &  Co.,  of  London. 

It  has  been  found  voy  frequently  that  * 

much  simpler  method  of  disconnection  is  dear-  | 
able  than  that  shown  at  Figs.  268  and  269.  Far 
instance,  in   the   case  of  a  cottage  or  smaU  , 
house,  an  open  channel  pipe,  two  or  three  feet  | 

in  length,  makee  the  oonstruction  of  the  cbsmbn' 
somewhat  exponsiva     Many  syphons  have  be« 

de^'ised  with  a  view  of  providing  for  sudi  cases.  I 

and  Weaver  and  Hellyer's  traps  ar«  very  pxrf 
examples   of  these.      In  order  to  show  he  a  , 

syphon  of  this  descri^ttion  can  be  made  to  act  as  ' 
an  inlet,  even  at  some  distance  below  the  gnmad- 
level,  I  draw  one  at  Pig.  272.    Here  the  syphra  i 
itself  is  drawn  at  A,  B  being  the  inlet  from  tlie 

y,^  jjj^  house,  and  c  the  outgo  to  the  sewer ;   a  si"!'' 
entry,  or  an  entry  for  inlet  ventilation,  is  Jra^a  j 

at  D.  The  whole  syphon  is  surrounded  by  brickwork  in  this  sketch,  but  it  is  not 
absolutely  necessary  to  take  the  brickwork  down  to  the  bottom  of  the  syphon,  as  the  , 
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latter  has  a  spreading  piece  or  cradle,  to  enable  it  to  be  fixed  in  concrete.  An  inlet- 
grating  is  here  drawn  instead  o£  a  close-fitting  cover,  aiid  where  this  is  not 
objectionable  it  is  the  best  way  of  bringing  ia  fresh  air.  Should  a  closed  maohole- 
coTer  be  used,  then  the  fresh  air  would  be  bronght  in  by  the  pipe  s,  which  is  a 
four-inch  pipe  of  earthenware  or  iron,  chased  in  the  nearest  wall,  and  fitted  with  an 
iron  grating,  at  F,  some  foot  or  so  above  the  surface  of  the  ground. 

When  there  is  the  slightest  likelihood  of  a  back-draiight  being  encountered  from 
the  house-drain  from  any  imagined  cause,  or  should  the  inlet  of  air  be  closely 
opposite  a  basement  window,  it  is  customary  to  &x,  flush  with  the  wall  if  possible, 
a  mica-valved  inlet,  soch  as  manufactured  by  Comyn  Ching  and  Co.,  or  Dent  and 
Eellyer.  One  precaution  should  always  be  taken,  and  that  b,  to  take  the  inlet  of 
air  in  front  of  Uie  house  delivery  as  shown  at  b,  and  not,  for  instance,  at  O. 

It  haa  become  very  oonunon  of  late  to  fix  at  the  foot  of  each  soil-pipe  a  disoon- 
necting-trap,  with  fresh-air  inlet  into  the  same  syphon,  and  these  disconnecting 
or  intercepting  syphons  take  varloi^  forms,  but  all  more  or  lees  resemble  the  earthen- 

ware portion  of  the  discooneotion  arrangement  drawn  at  Fig.  272.  I  have  already  men- 
tioned the  Weaver  and  Hellyer  traps,  but  beside  these  t^ere  are  the  Belham  trap,  and 

the  Boalton  trap,  both  furnished  with  soil-pipe  entries  and  with  ventilating  uprights 
Some  have  provisions  for  mkiug  and  flushing  out  the  outfall-drain  in  the  syphon 
itself  and  others  have  not ;  bat  whenever  a  f^hon  is  unprovided  with  a  raking- 
inlet  to  Uie  drain  beyond  the  syphon,  either  such  a  raking-pipe  should  be  fined  to 
an  upright  Y  junction  in  a  drain-pipe  just  beyond  tlie  syphon ;  or  a  manhole  should 
be  provided,  some  still  farther  distance  from  the  syphon,  which  would  enable  a 
workman  to  cleanse  out  the  drain  with  rods.     The  syphons,  in  these  cases,  should 
<lip  at  least  three  inches  (if  possible),  so  as 
to  afford    a    sufficiency  of    hydraulic    seal 
Some  persons  have  considered  it  necessary 
to  construct   a  double    syphon,   that  is  to 
say,  a  syphon  beyond  the  one  syphon  shown 

in  the    above    figures.        Mr.    Woodhead's 
ilonble  syphon,    ventilated    trap,   manu&c- 
tared  at  Leeds,  is  an  example  of  this  kind. 
I  do  not  myself    think    these  double   traps 

necessary,  provided  the  outfall-drain  beyond 
the  syphon  ia  properly  ventilated.    Moreover, 
two  syphons  placed  thus  together  require  more 
fall  than  can  be  afforded  in  the  great  majority 

of  cases.    Among  the  traps  of  this  kind  espe- 
cially fitted  to  receive  the  soil-pipe  immedi- 

ately at  its  foot,  I  may  give  the  Buchan  trap, 
drawn  at  Fig.  273.     The  advantage  of  this 
trap  over   several   others  ia   the   estra  fall  ng.  ITS. 
from  the  level  of  tiie  house-drain   at  a  to 

the  surface  of  the  trapping-water  at  &  This  extra  foil  assists  in  stirring  up  any 
■ediment  in  the  syphon,  enabling  it  to  be  washed  out  to  the  outfall  c.  A  syphon 

having  a  throw-off  lip  ia  also  manufactured  in  London,  known  as  Angell's  syphon, 
and  it  poBaesses  the  faculty  of  throwing  the  water  nearer  the  middle  of  the  syphon 
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and  of  pushing  the  aoi],  etc.,  outside.  SometiineB  it  may  happen  that  the  open 

grating  over  the  yenti]ating-inlct  of  a  diaoonnection-ehamber  or  ventilatiiig-gnting 
may  be  coyered  with  dirt  or  snow,  and  it  ia  veiy  evident  that  some  sapervision 
should  be  extended  to  open  horizontal  ventilators  to  see  that  they  are  shielded 

from  such  a  mishap.  Sometimes,  too,  when  the  disoonnecting-trap  is  placed  at  the 
foot  of  the  soil-pipe,  a  blow  of  foul  air  may  be  swept  into  the  open  air  by  the 
passage  of  a  strong  wind  across  the  ventilating-grating.  To  provide  against  this, 
and  also  the  filling  up  with  dirt  or  covering  with  snow  of  the  ventilatiDg-inlet,  Mr. 
Buchan  has  devised  the  small  pipe-entry  underneath  the  grating,  as  shown  at  d. 

It  will  be  seen  from  the  foregoing  descriptions  that  there  are  two  methods 

of  practising  the  disconnection  and  ventilation  of  house-drains.  One  is,  to  fix 
at  the  foot  of  each  soil-pipe,  or  dndn-oollection,  such  traps  as  I  have  given  at 
Figs.  267y  272,  and  273,  taking  fresh  air  immediately  up  the  soil-pip&  Nothing 
can  be  said  against  this  method  of  disconnection  and  ventilation,  except^  that  if  it  be 
rigidly  practised,  at  a  laige  establishment,  for  instance,  the  traps  will  be  required 
in  considerable  number,  and  the  underground  drains  outside  of  them  will  be 
left  without  disconnection. 

Traps  of  this  description  have  been,  however,  undoubtedly  devised  with  s 

view  of  immediately  severing  the  house-drain,  or  soil-pipe,  from  the  drain  beyond; 
and  the  practice  introduced  by  Mr.  Norman  Shaw  is  very  similar,  exc^t  Hbd 

he  deliveni  his  soil  into  the  hopper-head  of  a  cast-iron  pipe  just  outside  the  closet^ 
and  so  obtains  a  current  of  air  through  the  pipe  from  Uie  inlet  of  the  syphon  belov 
to  the  hopper  above.  The  other  system  of  disconnection  and  ventilation  is  that 

given  at  Figs.  268  and  269,  where  one  disconnection-chamber  is  provided  for  the 
whole  house,  and  eveiything  is  made  to  pass  through  the  open  channeling.  Of 
course,  where  there  are  two  outfalls  two  disconnection-chambers  would  have  to  be 

provided.  In  this  last-mentioned  method  of  dealing  with  water-carried  sewige, 
the  ventilating-pipes  on  the  roof,  whether  soil-pipe  continuations  or  separate 
ventilating-pipes,  all  derive  their  air  from  the  ventilating-inlet  at  the  disconnection- 
chamber. 

Such  a  single  disconnection-chamber  is  genendly  fixed  where  the  house-dndnsg« 
from  various  points  can  be  led  easily  into  it,  and  it  will  be  found  in  practice  to 
aiTord  more  advantages  than  separately  disconnecting  each  soil-pipe.  It  must 
be  borne  in  mind,  however,  that,  although  the  traps  drawn  at  Figs.  267,  272,  and  i73 
are  adapted  for  fixing  close  to  the  feet  of  the  soil-pipes,  such  traps  can  be  made 
to  disconnect  drains  when  they  are  fixed  at  some  distance  from  the  house,  and 
thus  act  as  a  kind  of  ventilating-chamber. 

For  general  work,  I  should  prefer  the  roomy  open  channel,  shown  in  plan 

at  Fig.  268,  with  a  raking-pipe  to  the  syphon,  and  a  manhole  sufficient  to  permit  a 
workman  to  examine  the  ti*ap  and  dean  the  drain  out  both  in  front  of  and  beyond 
the  syphon. 

When  the  drains  have  been  laid  upon  their  concrete  bed  inside  the  house,  and 
before  they  have  been  covered  over  with  concrete,  it  is  most  essential  that  thej 
should  be  tested  for  soundness  of  joints.  The  crucial  test  in  this  case  is  to  fill 
them  with  water  after  stopping  up  the  lower  end  of  the  drain  outside  the  walls 
of  the  dwelling. 

By  way  of  testing    the  efficiency  especially  of   the  upright  pipes  of  lead 
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or  iron  which  descend  either  inside  or  outside  the  house,  from  closets,  slop-sinks, 
&c,  it  is  advisable,  once  the  disconnection-chamber  has  been  fixed,  to  test  the 
soundness  of  these  pipes  and  their  junctions  with  the  already  water-tested 
drain,  as  well  as  the  efficiency  of  the  ventilating  arrangements,  by  burning 

some  material  in  the  open  channel  of  the  air-chamber,  which  will  produce  a 
considerable  amount  of  smoke,  the  pungency  of  which  will  make  itself  manifest  at 
any  faulty  joint,  The  advantage  of  this  method  of  testing  a  drain  or  upright  pipe 

is  that  a  weak  place  not  only-discovers  itself  to  the  sense  of  smell,  but  also  to  the 
organs  of  sight. 

Another  common  practice  is  to  pour  down  the  top  of  the  farthest  vehtilating- 
pipe  in  connection  with  the  disconnection-chamber  about  half  an  ounce  or  so 

of  (Mitcham's)  oil  of  peppermint,  taking  care  to  pour  down  immediately  after- 
▼ai-ds  about  six  gallons  of  hot  water.  If  there  be  more  than  one  ventilated 
soil-pipe,  then  the  rest  should  have  been  previously  stopped  up  in  a  temporary 
fashion,  as  should  also  the  ventilating-pipe  which  is  operated  upon  immediately 
after  the  hot-water  discharge  has  followed  the  oil  of  peppermint.  The  doors  and 
windows  into  the  house  sliould  also  have  been  carefully  closed  previously,  and  as 
much  as  possible  the  rooms  where  no  pipes  descend  isolated  from  the  rooms  and 

closet-spaces  where  they  do  descend.  By  this  procedure  the  smallest  leak  will  be 
instantly  discovered  by  the  various  persons  stationed  simultaneously  in  the  places 
▼here  the  pipes  descend,  and  the  weak  spots  can  be  marked  with  a  piece  of  chalk. 

Any  other  essential  oil  derived  from  a  strong-smelling  plants  and  some  of  the 

disinfectants,  will-  answer  the  same  purpose ;  but  care  should  be  taken  that  none 
of  those  persons  who  are  told  off  to  discover  the  presence  of  any  leak  on  the  various 
floors  are  allowed  to  handle  the  peppermint,  nor  should  the  bottle  containing  it 
be  opened  until  the  operator  is  on  the  roof.  Neither  should  he  traverse  the  rooms 
undergoing  the  test  until  the  matter  of  leaks  or  no  leaks  has  been  decided,  the 
odour  given  off  by  such  oils  being  so  volatile. 

The  testing  of  pipes  by  essential  oils  from  the  top  of  the  roof  downwards  is 

a  very  severe  test ;  equally  severe  is  the  smoke-test  from  below  upwards,  and  a  still 
more  searching  test  is  the  burning  of  a  quantity  of  sulphur  in  a  shovel  at  the 

mouth  of  the  disconnection-chamber  or  drain  just  outside  the  house.  When  testing 
from  the  air-chamber  with  smoke  or  sulphur  fumes,  the  inlet  ventilator  should  be 
properly  closed  after  the  light  has  once  been  applied. 

From  a  perusal  of  the  above  few  remarks  regarding  the  necessity  for  and 

the  methods  of  achieving  the  disconnection  and  ventilation  of  house-drainage, 
it  may  be  imagined  with  justice  that  the  wisest  way  for  the  householder  who 
desires  to  obtain  all  the  benefits  of  this  modem  system  of  drainage,  would  be 
to  consult  some  professional  man  before  obtaining  a  tender  or  proceeding  to  carry 
out  the  work.  For  far  too  frequently,  after  an  ordinary  builder  has  produced  what 
he  terms  disconnection  and  ventilation  on  modem  lines,  the  bulk  of  the  work 

has  to  be  re-arranged  at  considerable  expense. 
It  not  unfrequently  happens  that^  after  passing  the  disconnection-chamber  just 

described,  the  further  delivery  is  into  an  outfall  subject  to  intermittent  flooding  or 
rising  tides,  and  in  such  cases  it  becomes  imperative  to  prevent  the  inroad  of  the 
flood  or  tidal  water  into  the  drain-system.  The  necessity  for  titips  of  some  kind, 
which  should  check  the  ingress  of  such  unwelcome  water,  has  been  felt  as  long  as 
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mtec-btxue  nwige  bu  been  introduoed.  Fonnerly,  people  were  satisfied  witb 

Aftp-tnpa,  but  they  reqoired  BDch  he»vy  weighting  that,  after  the  aubeideace  vt  tiie 
wat«n,  the  iiaft  did  not  eanly  open  to  permit  of  the  aewage  delivery.  Tlie  first 

engineer  who  devuwd  a  trap  auitable  tor  resisting  the  inroad  of  vntera  va 
Mr.  R  RawUneon,  C.B.,  and  this  was  in  1854.  It  waa  by  means  of  a  rising  b«ll  m 

the  upright  pipe,  connected  with  the  drainage.  This  idea  was  taken  bokt  of  in 
18G3  by  Mr.  Tenwick,  who  coostnicted  a  separate  chamber  with  a  floating  vtlie 

f,f}i\  an  elastic  seating.  In  more  modem  time^  Ur..  Yoong's  valve-diamben  were 
introduoed  into  the  market,  and  oombined  with  Mr.  Clarke's  improved  golUes, 
both  being  manofactured  in  Carlisle.     For  the  purpoae  ot  preventing  the  back-flo 

tig.  IH,— Buk-fliKT  Ttv> 

of  sewage  from  drains  when  these  have  been  laid  in  low  sitostions,  and  subject  to 
fiooding,  nothing  can  be  better,  and  they  are  indispensable  in  the  cases  of  cellsn 
lying  under  the  line  of  the  sewage  exodua  The  valne  of  this  particular 
coutrivanoe  is  that  the  valve-chamber,  which  contains  the  copper  ball  and  chain 
with  india-rubber  hood,  can  be  connected  with  an  ordinary  gully  in  any  posJtiw, 
and  the  ball  ia  so  adjusted  and  guarded  that  it  cannot  possibly  &il  to  find  its  proper 
seating.  Messrs.  Jennings,  ot  lAmbeth,  also  contrived  for  me  a  resistance-trap  of 
this  deacriptioQ,  and  it  has  succeeded  in  keeping  back  a  heavy  sea-water. 

It  may  be  useful  to  illustrate  and  explain  the  action  ot  a  modem  valve-trap  o( 
this  description,  and  I  therefore  furnish  at  Fig.  21i  a  trap-chamber  complete,  fitted 
with  a  rigidly-hung  ball,  it  being  found  that,  under  certain  conditions,  a  chain  u 
liable  to  become  deranged.  The  action  ot  this  trap,  which  is  manufactured  1>f 
Mr.  F.  Dyer,  of  Camden  Town,  London,  is  as  follows :  The  backwater,  aflCT 
entering  the  outgo  pipe,  rises  in  the  chamber,  and  causes  the  ball  to  float  and  seat 
itself  firmly  upon  the  orifice  connected  with  the  house-delivery  pipes.  By  this 
means,  water  is  prevented  from  entering  the  house-drain,  and  the  greater  amount  of 
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pKesore  there  is  behind  in  the  outfall  opening,  the  more  Becurely  sealed  the  trap 
become& 

As  a  matter  of  course,  these  traps  should  be  used  with  caution,  because,  should 

the  flood  last  several  days,  the  house-drain  might  not  be  able  to  accommodate  the 
resulting  sewage,  in  which  case  it  would  be  necessary  to  provide  a  pump,  so  as  to 
assist  in  emptying  the  drain;  and  this  would  be  especially  necessary  when  the 

rain-water  from  the  joofa  and  courtyards  were  taken  into  the  drain  along  *-ith  the 
effete  wastes, 

I  hare  now  brought  the  practice  of  hous&drainage  up  to  the  disconnection- 
chamber,  beyond  which  everything  becomes  an  outfall  treatment.     But  it  would  be 

ng.  »B.-Fldd->  Fliuhlivr-taiik. 

vise  to  interpolate  here  a  few  remarks  with  regard  to  the  necessity  for  providing  a 
means  of  flushing  out  the  sewage-pipes,  and,  for  the  matter  of  that,  the  twin 
dmins,  when  these  are  introduced — the  one  for  foul  wastes,  and  the  other  for  rain- 

water and  the  cleaner  wastes:  Such  flushing-apei-turea  should  be  provided  at  most 
of  the  junctions  or  manholes;  as  very  frequently  it  becomes  an  easy  matter  to 
introduce  a  hose  from  a  near-lying  hydrant.  It  can  readily  be  seen  that  even 
buckets  of  water  can  be  used  for  flushing  purposes,  always  provided  that  entrances 
into  the  drain  are  duly  arranged  for  at  the  head  of  the  drain.  The  best  way  of 
flashing  out  drains  is,  however,  on  the  automstio  piuciple,  where  a  tank  is 
provided  which  shall  periodically  deliver  its  water  through  the  drain,  so  as  to 
sweep  every  obstacle  before  it.  There  are  many  contrivaucea  of  this  kind,  and  I 
have  used  many  of  them  with  advantage  ;  but  it  will  suffice  if  I  instance  a  tank  of 
this  description,  for  use  either  below  or  above  ground,  which  will  discharge  20,  50, 
or  100  gallons  of  water  when  it  is  full. 

The  best  example  of  a  flushing-chamber  of  this  description  is  that  of  Mr.  Field, 
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made  by  Bowes,  Soott,  aod  Read,  of  WestmiiiBter,  and  illusbuted  at  Fig.  27*5. 
This  represents  an  underground  tank,  in  which  a  syphon  is  fixed,  the  longer 
limb  of  which  dips  into  the  water  below  the  tank,  which  water  is  kept  at  its 

proper  level  by  the  weir  mariced  D.  In  this  case,  the  water-feed  is  from  a  tap 
at  B,  in  connection  with  some  convenient  cistern,  or  water-supply,  of  any  kifid 
whatsoever ;  and  the  merest  dribble^  so  to  speak,  from  the  tap  will  suffice  for  the 
action. 

The  action  is  as  follows : — ^When  the  water  accruing  from  the  tap  e  rises  to  the 
top  of  the  longer  limb  of  the  syphon,  shown  by  the  dotted  line  f,  instead  of  ninning 

down  the  sides,  it  is  guided  by  a  throw-off  lip  at  the  top  of  the  annular  space,  and 
descends  clear  of  the  sides,  by  which  means  the  air  is  displaced,  thus  gradually  and 
with  certainty  forming  a  vacuum  in  the  discharging  limb,  thereby  starting  the 
syphon  a,  and  emptying  the  tank  b  by  way  of  the  disohaige  c  over  the  weir  ix 

This  flushing-tank  is  remarkably  useful  where  the  house-drains  are  very  flat, 
and,  when  properly  placed,  will  suffice  to  forward  the  sewage  to  a  great  distimce, 
inasmuch  as  the  discharge-pipe  can  be  made  of  any  diameter. 

I  will  furnish  further  on  a  more  lengthened  description  of  its  uses  wh^ 

dealing  with  irrigation-matters.  Flushing-tanks  serving  the  same  puqx)se  are 
manufactured  in  other  parts  of  the  countiy ;  and  in  Ireland,  that  of  Maguire  has 

   met    with    consider- 
ijS^  able    commendation. 

To  Mr.  Field,  how- 
ever, is  due  the  con- 

ception of  theannidar 

syphon,  drawn  as 
above,  which  com- 

bines the  certainty  of 
action  in  a  minimum 

of  space. 
In  order  to  indi- 

cate the  beneficent 

action  of  these  self- 

acting  and  periodi- 
cally-delivering flush- 

ing-tanks, which  re- 
quire no  attrition 

whatsoever,  and 
which  dischai^  their 
contents  every  time 
they  are  full,  I  give 

"frW  at  Fig.  276  a  blo<i 
plan  of  a  house 

showing  three  such  automatic  flushing-tanks.  For  instance,  a  may  represent 
an  underground  tank,  receiving  the  wastes  from  housemaid's  sinks,  baths, 
and  lavatories;  b  may  represent  the  collections  from  certain  ground-floor 
sinks  and  rain-water  pipes;  and  c  may  represent  a  tank  intermittently  filled 
with  laundry  discharges.     When  these  tanks  are  full,  the  whole  of  the  drains  on 
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their  line  of  march  will  be  kept  clear,  the  disconnection-chamber  at  d  will  be 
kept  well  flushed  out,  and  the  sewer  e  consequently  benefited.  It  should  be 

understood,  however,  that  no  soil  from  any  closet  should  be  led  into  these  flushing- 
tanks,  and  that  bath,  sink,  and  the  other  cleaner  wastes  should  deliver  over  a 
gully  disconnectedly  in  the  open  air  before  entering  the  tank.  It  can  easily  be 

understood  that  these  flushing-tanks'  can  be  fixed  at  the  top  of  the  house,  so  ajs  to 
cleanse  out  the  upright  soil-pipes  as  well 
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OHAFTER  LXVL 

DBAIHAOE    MEMORANDA. 

Hm  Dmioact  of  BMAm  Olot>d  Undntroimd  Pfp6»->Iioii  SnifMe  lipet— Op«D  Stone  Chaiui^Bg— 
Dniinafe  of  Tiggerim,  lfce.~RialM  for  the  lAjing-down  of  Dnine— Notee  wtth  refennoe  toSoO- 
Ptpee,  Cloteta,  Sinla,  and  other  londriee. 

Bbforb  proceeding  to  deal  wiih  the  outlall  of  the  drains,  it  would  be  vise  to  inter 
polate  here,  in  a  somewhat  compact  form,  the  rules  which  should  guide  the  laying 
down  of  house<lraiDs,  and  the  attention  which  should  also  be  given  to  them. 

8TABLE-DRAINAGB,  BTa 

I  have  not  considered  it  necessary  to  deal  specially  with  the  stables,  althoagh  in 
point  of  fact  a  stable-building  may  be  called  a  portion  of  the  mansion.  It  will  suffice 
to  say  that  on  no  account  shoidd  the  stable  drain  itself  into  the  house-drains  above 
the  disconnection-chamber,  because,  if  this  be  done,  the  smells  peculiar  to  stable- 
dung  will  traverse  the  house-drain.  There  would  be  no  harm  in  leading  the  stable 
sewage  into  the  drains  coming  from  the  house  below  the  disoozinection-cluunber, 
where  fresh  air  is  taken  in  to  the  house-drain.  Even  then,  however,  the  stables 

should  be  disconnected  from  the  drain  by  any  of  the  many  intercepting  or  discon- 
necting traps  now  in  the  market^  and  the  head  of  the  stable-drain  should  be  duly 

ventilated  by  a  pipe  led  to  the  roo£ 
People  differ  very  greatly  as  to  how  a  stable  should  be  drained.  Some  nuke 

choice  of  underground  pipes,  with  horse  and  mare  pot  traps,  and  with  a  central 
gully  to  receive  the  swilling-water ;  and  others  prefer  the  iron  surface  channels, 
manufactured  by  the  various  founders  of  stable-fittings.  These  last  mentioned 
perform  admirable  service  when  they  are  kept  dean,  but  the  slightest  slovenliness  in 
the  character  of  the  groom,  and  any  n^lect  of  cleansing  out  these  iron  gutteiSy 
will  result  in  a  filthy  condition  of  the  channels,  which  will  make  itself  felt  to  the 
detriment  of  the  animals. 

One  of  our  most  eminent  owners  and  breeders  of  horses  had  in  his  Isi^ 
country  establishment  the  whole  of  his  stables  drained  with  iron  open  channels,  with 
movable  coverings  in  sections;  but  he  has  lately  caused  these  to  be  removed,  and  has 
laid  down  simple  stone  surface  channeling,  entirely  on  the  score  of  cleanliness.  And 
there  can  be  no  doubt  that  the  washing-out  of  these  open  channels  daily  into  the 
gully  outside  the  stable  door,  which  is  in  communication  with  the  drun,  is  the 
simplest,  cheapest^  and  cleanliest  fashion  extant. 

As  with  the  stables,  so  with  the  piggeries — ^f  or  it  is  not  unusual  to  find  these  not 
far  removed  from  the  stables — the  same  rule  as  to  the  necessity  for  disconnection 
especially  holds  good ;  and  if  there  be  a  liqtdd-manure  collection  for  garden  use  from 
the  stables  and  piggeries,  &c,  a  disconnection-trap  between  becomes  an  imperative 
necessity,  as  does  also  the  ventilation  of  the  tank  itself  in  some  suitable  manner. 

The  same  law  would  hold  good  with  regard  to  heneries,  or  any  place  whert 
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manure  is  formed,  and  where  the  Bwilling-water  used  for  cleansing  the  floors  is  led 
mto  the  drain. 

The  floors  of  all  these"  accessory  buildings  should  be  perfectly  water-tight, 
supplied  with  a  tap,  to  which  a  hose  can  be  attached,  in  connection  with  a  cistern 

placed  at  as  high  an  elevation  as  possible.  The  above  remarks  ma^  be  deemed  in 

excess  of  what  is  really  required;  but  it  is  proved  that  animals  are  as  subject  to 

filthy  diseases  as  men,  and  that  the  drainage  of  a  stable  or  piggery  should  be  as 
perfect^  at  least,  as  the  drainage  of  a  courtyard  or  area  of  a  dwelling. 

GENERAL  BT7LES  BEOARDIKa  HOUSE-DRAINAGE. 

The  general  rules  which  should  guide  the  laying-down  of  house-drains  may  be 
gathered  from  the  following  memoranda : — 

In  laying  down  house-drains,  it  is  of  the  utmost  importance  to  secure  a  solid 
bed  j  and  when  once  the  gradient  has  been  chosen,  a  belt  of  concrete,  some  three  or 
four  inches  in  thickness,  should  be  laid  down  at  the  bottom  of  the  trench,  and  the 

pipes  laid  thereon. 

When  the  pipes  have  all  been  laid  upon  this  concrete  bed,  every  joint  carefully 
lut«d  in  cement,  they  should  be  tested  for  soundness  by  filling  them  with  water. 
This  water-test  should  not  be  proceeded  with,  however,  until  the  cement  has 
become  thoroughly  set.  If  it  becomes  necessary  to  cover  the  pipes  quickly,  then 
some  other  method  of  testing  should  be  resorted  to,  such  as  the  smoke,  the  burning 
salphur,  or  the  peppermint  proofs. 

When  the  pipes  have  been  proved  to  be  thoroughly  sound,  they  should  be 
covered  over  with  a  few  inches  of  concrete  in  all  cases  where  they  pass  through  the 
house. 

Where  house-drain  pipes  pass  through  the  walls,  it  is  wise  to  turn  a  relieving- 
arch  over  them,  free  of  the  pipes,  in  case  any  settlement  should  take  place  in  the 
building ;  for  should  this  occur,  the  pipes  wUl  crack,  and  a  consequent  leakage  take 
place  with  dangerous  results. 

All  pipes  chosen  for  house-drains  should  be  of  the  glazed  order  of  earthenware 
pipes,  and  all  porous  pipes  should  be  avoided.  Pipes  without  sockets  should  on  no 
account  be  used. 

When  jonctions  are  laid  down,  preference  should  be  given  to  the  Y-shaped 
junction,  and  right-angled  junctions  should  be  avoided.  Junctions  and  bends, 
when  fitted  with  inspection-covers,  are  to  be  preferred. 

It  is  very  desirable  to  provide  inspection-chambers  along  the  line  of  drain, 
and  especially  at  all  sharp  curves  and  junctions,  so  as  to  allow  the  passage  of 
a  jointed  rod  from  one  to  the  other,  should  it  become  necessary.  A  set  of 
these  rods,  making  up  at  least  fifty  feet  in  length,  with  the  usual  fittings,  should 
always  be  on  hand  at  a  country  house.     (See  Fig.  249,  p.  623). 

Wherever  dummy  junctions  have  been  put  in,  with  a  '^iew  of  providing  for 
a  future  limb  of  drain,  care  should  be  exercised  to  close  up  the  end  of  the 
jimction  with  a  proper  disc  solidly  jointed. 

It  is  wise  to  give  a  small  extra  dip  whenever  a  bend  or  jimction  occurs  in 
the  length  of  the  drain,  in  order  to  counteract  the  effect  of  friction. 

When  a  diminishing  pipe,  as  it  is  called — ^for  instance,  one  taking  a  nine- 
T-* 
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inch  drain  into  a  six-inch — the  proper  tapered  pipe,  made  for  ihe  purpoee,  should 
always  be  used.  No  other  treatment  will  make  sound  work.  As  a  rule,  a 

lar^sized  drain  should  never  be  taken  into  a  smaller  one,  but  diminishing 

pipes  from  lai^  to  smaU  will  be  found  conyenient  when  inteipoeing  a  qrpboD, 

sajy  for  instance,  at  the  diseonnection-diamber. 
It  should  be  a  general  instruction  that  sjphons,  wherever  placed,  should  be 

a  sise  smaller  than  the  pipes  in  front  of  and 
behind  them.  For  example,  if  the  drain  be 
nine  inches  in  diameter,  the  syphon  should 
be  six  inches.  This  rule  may  be  relaxed 

in  some  instances,  in  the  case  of  six-inch 

pipes. 
Entrances  into  the  drain  in  the  Aootb  of 

basement-rooms  should  always  be  avoided, 

or  if  they  must  be  provided — as,  for  in- 
stance, beneath  the  hot  water  draw-off  of  a 

kitchen-jamb  or  dairy  or  laundry  floor — 
then  such  traps  should  be  in  connection 

with  another  disconnection-trap  somewhere 
in  the  open  air.  These  traps  should  be 

small  gully-traps,  or  lip-traps,  and  never 
bell-traps. 

It  is  considered  a  wise  provision  to 

insert  a  flap-trap  at  the  end  of  the  house- 
drain  where  it  enters  the  sewer.  Should 

the  outfall  of  any  drain  from  the  house 

terminate  in  the  open,  it  should  be  pro- 
tected from  rats,  &c. 

In  many  houses,  owing  to  the  want  of 
open  spaces  at  the  back  part  of  the  house, 
where  the  various  sewers  requiring  it 

could  be  disconnected  in  the  open  air — 
such  as,  for  instance,  sinks  and  rain-water 
pipes — it  is  sometimes  found  desirable  to 
lay  down  a  twin  drain,  one  removing  the 
closet  excreta  and  perhaps  the  scullery 
grease,  and  the  other  the  cleaner  wastes 
from  baths,  lavatories,  and  house-sinkB. 
Fig.  277  shows  a  house  so  treated.  Here 
it  would  be  manifestly  imprudent  to  take 

the  waste  of  the  butler's  and  housekeeper's 
sinks  at  A  A  and  b,  the  rain-water  descend- 

ing at  B,  and  the  bath-water  descending 
the  pipe  at  c  into  the  soil-drain,  which  is 
marked  by  the  thick  Une,  because  all  these 

services  would  then  be  in  direct  communication  with  the  drain.  It  becomes  neces- 

sary, therefore,  to  provide  a  place  where  these  can  empty  themselvea  into  a  guUy 

Tif .  277.— Twin  Dnina. 
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before  enteriDg  the  drain  remoying  the  closet-DoiL  In  the  house  which  I  sketch, 
the  only  available  place  for  disconnection  is  in  the  front  area,  at  the  gully  f; 
and  in  such  a  case  as  this  a  twin  drain  is  desirable,  laying  it  alongside  the 
other  at  its  proper  level,  and  raising  it  up  sufficiently  high  where  it  must  cross 

the  soil  drain-pipe&  It  would  not  be  wise  to  lay  one  pipe  on  the  top  of  the 
other  all  along  the  route ;  but  the  cleaner  wastes-drain,  which  is  marked  by  the 
dotted  line,  should  be  laid  at  a  higher  level  than  the  soil-drain,  and  this  is 
almost  always  possible. 

It  may  here  be  remarked  that  the  twin  dizain,  removing  the  bath,  sink, 
and  rain-water  wastes,  should  not  deliver  direct  into  the  disconnection-chamber 
at  H,  because  that  would  not  be,  properly  speaking,  in  the  open  air,  although 
there  would  be  an  inlet  of  fresh  air  into  the  chamber.  By  causing  it  to  deliver 

into  the  area-gully  first  of  all,  before  it  enters  the  disconnection- chamber  at  h, 
a  perfect  disconnection  is  achieved. 

It  will  be  noticed  in  this  example  that  the  grease  and  cabbage-water  from 
the  scullery  sink  at  a,  and  the  soil  descending  the  soil-pipe  d  (which  pipe  is 
ventilated  the  full  sectional  area  up  to  above  roof),  all  enter  the  disconnection- 
chamber  at  H  before  passing  through  the  vaults  to  the  sewer;  and  it  will  be 

seen,  moreover,  that  the  servants'  closet  at  J,  situated  in  one  of  the  vaults,  is 
made  to  enter  the  disconnection-chamber  as  well,  so  as  to  give  the  whole  of 
the  house  the  benefit  of  the  severance  from  the  sewer.  In  these  cases,  a  venti- 

lating-pipe  would  almost  be  required  to  the  end  of  the  drain  at  6,  and  the 

flushing  arrangement  of  the  servants',  closet  at  J  should  be  rendered  a  powerful 
and  automatic  one,  in  order  to  keep  the  syphon  of  the  disconnection-chamber 
thoroughly  clean. 

It  is  very  desirable  that  every  residence,  large  or  small,  should  be  disconnected 
from  the  drain  in  some  of  the  methods  shown  in  the  chapter  treating  upon 
disconnection,  and  an  efficient  influx  of  fresh  air  should  be  allowed,  either  by  an 
open  horizontal  or  perpendicular  grating,  or  a  mica  valve  inlet.  A  corresponding 
outlet  for  the  air  introduced  should  be  provided  at  the  end  of  each  ramification 
of  the  drain. 

When  it  becomes  necessaiy  to  lay  down  a  syphon  in  a  line  of  drain,  the  pattern 

having  a  pipe  rising  from  the  centre  of  the  syphOn  should  always  be  avoided,  and 

preference  given  to  a  pipe  which  has  an  access  aperture  at  the  beginning  of  the 

trap  and  a  raking-pipe  beyond.  •  * 
When  laying  down  the  drains,  outside  the  house,  in  the  neighbourhood  of  trees 

or  a  shrubbery,  the  utmost  possible  care  should  be  taken  with  the  jointing ;  in  fact, 
quite  as  much  care  as  with  the  drains  in  and  around  the  house,  because  the  roots  of 

the  plants  in  the  search  for  water  will  otherwise  certainly  find  their  way  into  the 

pipes,  quickly  causing  a  retardation  of  the  sewage,  and  finally  completely  stopping 
np  the  drain.  Pipes  laid  under  these  conditions  should  be  especially  well  protected 

by  the  composition  I  have  described  in  my  former  chapter  on  Drain-pipes  and  mode 

of  laying  same.     (See  p.  620') 
Pipes  which  constitute  a  soil-drain  should  never,  be  jointed  with  clay,  but  with 

cement.     Where,  however,  they  run  through  perfect  clay,  this  may  be  allowed ;  but 
under  no  conditions,  inside  or  around  the  house,  should  anything  but  cement  jointing 

be  permitted,  with  the  usual  rule  of  surrounding  by  concrete  the  pipes  laid  indoors. 
46 
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Whenever  it  is  poeaible  to  avoid  it^  drainB  should  never  be  kid  down  inside  a 

house,  and  the  deliveries  ci  metal  pipes  into  the  earthenware  pipes,  even  when  the 
drains  are  laid  ontside,  should  be  made  outside  the  walls. 

The  site  of  a  hoose — ^that  is,  the  Bjpaoe  endoeed  by  the  walls  of  the  house — should 
be  under-drained,  so  as  to  make  certain  against  any  lodgment  of  subeoil-water,  and 
the  floors  of  the  basement  afterwards  ooncreted.  This  subsoil-water  should  never 

be  led  into  a  soil-drain ;  neither  should  the  waters  of  the  areas  around  a  house. 
Where,  however,  ther9  is  no  help  for  this,  then  these  drains  should  be  disoonnected 
from  the  drain  by  interposing  a  suitable  gully. 

On  no  occasion  should  the  overflow  of  any  well  or  rain-water  tank  be  con- 
neeted  directly  with  a  drain.     Disconnection  is  here  an  imperative  necessity. 

In  re-laying  the  drains  of  an  old  house,  where  brick  drains  obtain,  the  whole  of 
the  brickwork  should  be  removed,  together  with  all  sodden  earth,  and  fresh  gravd, 
or  other  cleanly  material,  thrown  in  their  place,  and  well  rammed  down.  On  no 
occasion  should  the  bottom  of  the  old  brick  drain  be  left  in,  or  even  the  sides 

When  removing  the  latter,  and  where  the  brick  drain  is  below  the  footings  of  the 
main  walls,  care  should  be  taken  to  shore  up  or  underpin. 

When  the  disconnection-chamber  between  the  house^dndn  and  the  sewer  must 

perforce  be  inside  the  house,  it  should  be  covered  with  a  stone  and  ring,  and  the  air- 
inlet  brought  from  the  nearest  open  space ;  and  when  the  dndn  is  sufficiently  deep, 
and  near  to  an  open  space,  a  side  entry  should  be  made  into  it  Wherever  possible, 

however,  means  should  be  contrived  to  bring  it  outside.  For  instance^  the  soil-dram 
marked  by  the  black  line  in  Fig.  277  formerly  ran  in  a  line  from  k  to  L,  and  in  order 
to  get  the  disconnection-chamber  out  in  the  open  area  it  was  fixed  where  marked  at 
H,  and  a  new  entry  into  the  sewer  was  effected  from  m.  Sometimes,  howerer, 
when  the  sewer  is  a  long  distance  from  the  house,  it  might  bo  advisible  to  lead  the 
outgo  of  the  chamber  at  h  back  to  the  sewer  at  l,  by  way  of  an  easy  bend. 

Where  the  size  of  the  house  calls  for  a  grease-intercepting  chamber,  these 
should  be  placed  outside  the  house,  in  an  open  space,  wherever  it  is  possible  to  do 
so.  I£^  unfortunately,  such  a  provision  must  be  made  inside  the  house,  the 
chamber  should  always  be  ventilated  in  some  manner,  and  covered  with  a  stone 

and  ring.  When  iron  manhole-flaps  are  laid  down  in  place  of  such  stones,  care 
should  be  taken  to  see  that  they  are  absolutely  air-tight. 

It  may  be  held  to  be  always  possible  to  provide  a  means  of  flushing  out  Ihe 

drains.  For  instance,  with  a  small  cottage,  the  rain-water  could  be  caught  in  a 
barrel  placed  above  a  gulley,  and  fitted  with  a  standing  waste,  which  could  be 
removed  when  it  became  advisable  to  cleanse  the  drains.  Certain  cisterns  could  be 

dealt  with  in  a  similar  manner  in  the  cases  of  medium-sized  houses.  For  larger  estab^ 
lishments,  a  flushing-chamber,  such  as  shown  at  Fig.  275,  would  be  used  with  advantage. 

Where  the  drains  of  a  house  or  cellar  are  subjected  to  tidal  influences,  or  back- 
water from  a  pond  or  river,  it  would  be  wise  to  make  use  of  such  a  ball-valve  as  is 

given  at  Fig.  274.  Care  should  be  taken  to  obviate  any  evil  due  to  a  compression 
of  the  gases  in  the  drain  by  breaking  the  connection  between  the  drain  and  the 

high-water  line,  by  means  of  a  ventilating-pipe. 
Pipes  conveying  rain-water  from  the  roof  should  never  be  made  use  of  for 

ventilating  drains,  but  should,  on  the  contrary,  be  disconnected  at  the  foot^  and 
made  to  deliver  in  the  open  air  over  a  proper  gully» 
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Gas  and  water  pipes  should  not  be  laid  in  the  same  trench,  or  alongside  any 
drain-pipe,  because  these  small  pipes  have  frequently  to  be  laid  bare,  and  this 
might  endanger  the  soundness  of  the  drain. 

The  waste-pipes  or  overflows  from  all  closet-trays,  bath-wastes  and  safes, 
layatories,  cisterns  and  dstem-trays,  should  always  deliver  themselves  into  the 
open  air;  the  ends  of  safe-wastes  should  be  fitted  with  a  small  copper  flap,  to 
prevent  the  intrusion  of  cold  air. 

Soil-pipes  should  in  all  cases,  whenever  possible,  be  fixed  outside  the  house; 
and  where  the  architecture  demands  it^  these  pipes  may  be  of  iron,  with  properly- 
made  air-tight  joints.  When  they  are  compelled  to  remain  inside  the  house,  they 
should  be  formed  of  lead.  To  properly  ventilate  these  pipes,  they  should  be 
carried  up  the  full  diameter.  In  the  case  of  a  ground-floor  closet,  the  pipe  may  be 
reduced.  All  ventilating-pipes  of  this  description  should  be  taken  above  the  eaves, 
and  where  there  are  dormer  windows,  or  ventilated  skylights,  they  should  terminate 
at  some  height  above  them.  These  pipes  should  not  be  placed  alongside  the 
chimney-stacks,  but  bent  away  from  thenu  A  safe  rule  is  to  terminate  the  soil- 
pipe  six  feet  above  and  four  feet  distant  in  position  from  any  window,  placing  a 
finial  over  them,  to  keep  out  birds. 

Bell-traps  should  never  be  used,  D  traps  with  caution.  The  best  kind  of  trap 
is  the  sjrphon,  having  an  access-trap  screwed  in.  It  may  be  taken  as  a  safe  rule, 
that  closets  should  be  fitted  wit}i  lead  F  traps,  and  not  with  those  of  the  conventional 
D  form. 

Closets  should  be  confined  to  one  part  of  the  house,  and  built  over  each  other  as 
mnch  as  possible,  projecting  out  from  the  house.  They  should  never  be  permitted 
to  remain  in  the  middle  of  a  house :  for  instance,  at  a  staircase  landing  opposite 
bed-rooms,  unless  there  be  a  shaft  from  them  carried  up  to  the  roof,  or  some  other 
means  of  efficient  ventilation.  Whenever  possible,  fix  a  fresh-air  inlet-tube,  with  a 
corresponding  outlet  at  the  top  of  the  closet-room.  All  seats  and  risers  should  be 
80  fixed  as  to  come  readily  apart  without  the  use  of  the  screw-driver. 

Pan-closets  should  never  be  used  in  or  about  a  house,  and  almost  any  other 
closet  except  the  hopper  closet  will  serve  modem  requirements. 

Yalve-closets  having  flushing-rims  are  preferable  for  use  in  the  best  roonis,  and 

wash-out  closets  for  servants'  use.  No  closet  should  be  supplied  with  flushing- 
water  from  a  cistern  supplying  any  draw-off  tap  at  any  sink,  except  a  disconnection- 
cistern,  with  separate  ball-cocky  be  provided  overhead  the  closet 

Slop-closets,  for  the  reception  of  bed-chamber  slops,  should  be  provided  in  the 
larger  residences  where  room  can  be  found  for  thenu  When  they  are  not  provided 
with  an  entry  into  the  ventilated  soil-pipe,  chamber-slops  are  always  thrown  down 
into  the  water-closet,  and  the  trays  underneath  are  frequently  flooded  with  foul 
liquids.     It  is  not  desirable  to  place  such  a  slop-closet  in  a  bath-roouL 

It  should  be  taken  as  a  constant  maxim,  that  no  pipe  should  deliver  direct  into 

the  drain,  except  solely  the  soil-pipe,  taking  the  closet  and  slop  waste&  Everything 
else,  without  exception,  except  there  be  a  grease-collector  to  the  scuUeiy  sink,  should 
deliver  their  contents  in  the  open  air  over  a  proper  guUy.  And  it  is  a  matter  of 
recommendation  to  have  the  sink,  bath,  and  other  waste-pipes  of  that  description 
continued  up  a  convenient  distance  and  left  open  at  the  top,  so  as  to  get  a  constant 
current  of  aif  through  them. 
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Where  the  outfall  of  the  drain  is  unavoidably  into  a  oesspool,  a  disoonnectioii- 
chamber  must  be  placed  between  the  house-drain  and  such  cesspool  coUectioii. 
Cesspools  can  only  be  peimitted  with  safety  under  certain  conditions,  which  will  be 
explained  in  the  chapters  headed  Treatment  of  Sewage. 

When  a  disused  cesspool  has  been  discovered  in  or  around  the  house,  or  when  a 
cesspool  lately  in  use  has  to  be  abolished,  consequent  upon  improvements  made  in 
the  drainage,  the  whole  of  the  brickwork  should  be  removed,  as  well  as  any  foul 
subsoil,  and  the  place  filled  up  with  clean  ballast.  On  opening  up  an  old  disused 
and  unventilated  cesspool,  care  should  be  taken  not  to  break  into  it  with  any  light 
near,  as  violent  explosions  are  very  common  in  such  cases. 
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CHAPTER  LXVn 

BBWAGB-DISPOSAIk 

Andent  Methods  of  Sewage— CesspoolB— The  Water-closet  System— Irrigatioii—Suhfloil-irrigation. 

Hayixq  bronght  the  reader  up  to  the  disooimection>chamber,  which  sepciratefi,  or 
should  separate,  the  house-drain  from  the  outfall,  it  now  becomes  necessary  to  deal 
witii  the  outfall  itself ;  but,  before  doing  so,  a  short  review  of  the  various  methods 
of  dealing  with  the  sewage  would  be  not  out  of  place. 

Where  communities,  laige  or  small,  are  gathered  together,  whether  it  be  in 
towns^  viUages,  mansions,  farms,  groups  of  cottages,  or  in  public  institutions,  there  of 
necessity  the  question  of  sewage-disposal  forces  itself  on  the  attention.  From 
very  remote  times  attention  was  given  to  this  question,  and  laws  laid  down  for 
guidanoe  in  sanitary  matters  which  exist  to  this  day,  and  may  be  .considered  as 
a  monument  of  wisdom.  Coming  down  to  the  Roman  period,  we  find  that  works 
of  sanitation  were  highly  considered,  and  that  great  sewers,  such  as  the  Cloaca 
Maxima,  were  inaugurated  even  by  emperors.  There  can  hardly  be  any  doubt 
that  a  people  who  were  so  careful  about  the  greater  works  would  also  be  careful 
in  their  lesser  works  of  the  drainage  of  individual  houses ;  and  we  know,  from  the 
remaiBB  even  in  this  country,  how  the  Roman  villa  was  provided  with  special 

drainage-arrangements.  In  mediaeval  times  we  find,  perhaps,  one  of  the  darkest 
periods  of  sanitation,  and  this  state  was  maintained  down  to  a  recent  period, 
and  pertains  even  now  in  some  countries.  It  were  foreign,  however,  to  the  scope 

of  this  article  to  inquire  into  the  method,  or  rather  the  want  of  method,  in 'disposing 
of  sewage  from  communities  at  any  special  period. 

The  state  of  the  sewage-question,  regarded  either  for  the  single  house  or  blocks 
of  houses,  was,  down  to  a  late  period,  in  a  most  primitive  condition.  The  slop- 
waters  were  conveyed  by  wide  drains,  mostly  square,  and  leading  to  the  nearest 

watercourse,  and  the  old  privy-system  served  for  the  excremental  matters. 
The  history  of  such  a  river  as  the  Meet,  or  River  of  Wells,  as  it  was  called,  from 

its  being  fed  by  so  many  weUs  in  the  neighbourhood  of  Clerkenwell,  gives  a  very 

good  idea  of  the  early  sewerage-disposal  for  a  community.  This  onoe  bright  and 
sparkling  stream,  which  had  served  as  a  water-supply,  was  gradually  the  carrier 
of  all  the  sewage  for  the  houses  which  grew  up  along  its  course. 

This  befouling  of  the  watercourse  drew  attention  at  a  very  early  date,  for  we 
learn  that  the  monks  of  Whitefnars  petitioned  the  king  in  a.]>.  1290  that  some 
measure  might  be  taken  to  restore  the  stream  to  its  pristine  condition.  This, 

however,  was  not  done ;  and  gradually  it  became  worse,  and  more  of  a  sewage- 
carrier  than  ever,  until  the  time  came  when  it  was  so  abominable,  owing  to 

the  sewage-waters  being  taken  into  it^  and  from  the  conveniences  overhangifig  the 
river,  that  it  was  gradually  disused  for  navigation,  and  at  a  still  later  date  was 
arched  over  and  converted  into  a  sewer,  which  it  still  remains  even  to  this  day. 

This  sewage-nuisance  and  the  fouling  of  the  Thames  at  Ijondon  was  further  increased 
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wiih  the  enormous  growth  of  the  popnlatioii,  and  it  was  found  neoesBuy  to  cany 
out  the  gigantic  work  which  at  preaent  carries  the  sewage  from  London  down  towards 
the  month  of  the  riTer,  at  Barking  on  the  north  side  and  Orossness  on  the  south  side^ 
This  disposal,  although  it  has  left  London  in  a  somewhat  better  state,  and  pniified 
the  river,  has  nevertheless  given  rise  for  serious  cause  of  inquiry,  and  we  maj 
predict  that  at  no  very  distant  date  the  sewage-question  will  have  further  to  be 
considered. 

The  invention  and  introduction  of  the  water-closet  apparatus,  at  the  beginning 
of  this  century,  marked  a  distinct  epoch  in  the  histoiy  of  sanitation.  These  con- 

trivances brought  in  their  train  mudi  danger,  being  used  in  connection,  not  with 

sewers  as  at  present,  but  in  the  great  majority  of  cases  being  conducted  into  oesB- 
pools  within  the  house.  Many  of  these  cesspools  are  to  be  found  in  the  older  houses 
€i  London  in  the  basement,  and  oftentimes  under  the  kitchen  floor-  The  ovei^ 
flow  from  these  cesspools  was  allowed  to  go  into  the  public  sewers,  and  the  object 
of  the  cesqKX>l  was  to  retain  the  solid  portion.  The  custom  was  that  when  one 
cesspool  was  full  another  should  be  made^  and  thus  a  great  many  of  these 
receptacles  are  discovered  in  one  house. 

The  condition  of  the  metropolis  was  no  doubt  vexy  unsatisfactory  from  the 
existence  of  these  cesspools,  and  the  consequent  fouling  of  the  wells  from  whidi 
water  was  in  a  great  measure  drawn.  The  occasional  i^pearanoe  of  chd^a 
also  pointed  to  a  great  sanitary  defect,  but  it  was  not  until  about  the  year  1850 
that  the  Public  Health  Board  revealed  by  its  labours  some  of  the  salient  points  of 
the  sewerage-system  of  the  towns  and  villages.  A  great  and  important  step  was 
rendered  possible  by  the  advocacy  of  glazed  earthenware  drain-pipes^  which  were 
advocated  as  sewer-ducts,  especially  by  Mr.  E.  Chad  wick  in  1840. 

The  introduction  of  the  water-closet  apparatus  at  the  beginning  of  the  present 
century  caused  the  question  of  house-drainage  to  become  considerably  altered. 
Many  difficulties  were  by  this  introduction  made  evident,  such  as  the  foul  gas 
brought  into  the  house  through  soil-pipes,  and  the  greater  bulk  of  sewage  to  be  dealt 
with  on  account  of  the  water  used  for  flusliing  such  apparatus.  Cesspools  under 
ihis  altered  condition  became  rapidly  filled  to  overflowing,  and  it  was  neoessaiy 
to  construct  new  cesspools,  as  fast  as  the  other  ones  were  filled.  Porous  strata, 
such  as  the  chalk  districts,  the  new  red  sandstone  districts,  and  the  oolite  districts, 

furnished  special  facilities  for  such  a  disposal  of  water-carried  sewage,  and  in  many 
towns  and  districts  this  is  the  principal  mode  of  disposal  obtaining  even  to  this  tiine. 

In-some  chalk  districts — ^notably  in  the  Isle  of  Thanet — ^this  disposal  of  sewage  has 
been  the  cause  of  pollution  to  the  water-supply  of  the  district,  the  supply  being 
taken  from  wells  sunk  into  the  chalk. 

Those  persons  who  have  been  engaged  in  examining  the  sanitary  conditions  of 
towns  and  villages,  and  even  of  detached  homesteads,  in  this  country,  know  what 
a  fearful  state  of  things  exists  respecting  sanitary  arrangements,  where  in  many 

cases  the  house-drains  and  overflow  of  cesspools  are  carried  by  unsuitable  con- 
duits to  the  nearest  brook  or  vratercourse,  causing  in  the  summer  months  an 

intolerable  nuisance.  Oases  also  come  under  notice  where  homesteads,  mansions,  and 
towns  are  situated  on  elevated  positions,  with  beautiful  surrounding  district,  where 
everything  would  seem  favourable  for  the  disposal  of  sewage ;  but  nevertheless,  owing 
to  want  of  careful  consideration  in  these  matters,  they  are  the  homes  of  pestilence, 
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instead  of  Health,'  as  they  should  be  by  their  natnral  position.  The  cesspool  from  the 
dwelling  often  occurs  in  dangerous  proximity  to  the  well  sunk  for  the  water-supply 
for  its  community,  the  cesspool  in  many  cases  leaking  through  into  the  well  whence 

drinking-water  is  obtained.  We  know  of  a  case  where  the  current  of  the  under- 
ground water  striking  around  the  cesspools  of  the  house,  on  its  way  to  the  well  used 

for  the  water-supply  of  this  house,  gave  rise  to  a  serious  outbreak  of  typhoid  fever, 
showing  the  necessity  of  either  doing  away  with  the  cesspool-system  in  this  particular 
case,  or  of  adopting  a  very  careful  position  for  such  cesspoola 

The  Eivers'  Pollution  Prevention  Act,  1876,  provides  that  no  rivers  or  streams 
shall  be  polluted  through  the  admission  of  crude  sewage,  even  from  the  existing 
sewers.  The  question  then  arises,  how  are  we  to  deal  with  the  sewage  of  towns, 

villages,  and  country  mansions  in  a  manner  so  as  to  be  inoffensive  1 — and  numberless 
plans  have  been  suggested  for  dealing  with  this  question.  We  have  schemes  for 
precipitation,  filtration,  irrigation,  and  numbers  of  others ;  and  it  has  often  been 
stated  that  sewage  can  be  dealt  with  so  as  to  produce  a  profit  to  the  community. 

Experience,  however,  has  shown  that  this  is  entirely  fallacious ; '  and  we  have  at  last 
come  to  the  conclusion  that  sewage  must  be  got  rid  of  from  our  habitations  and 

towns  at  once,  the  cost  being  only  of  secondary  consideration.  Sewago-farms  have 
been  in  operation  for  a  number  of  years,  but  few  have  been  able  to  show  any  profit. 
Sewage  applied  to  the  land  in  an  efficient  manner  is  purified,  and  deposits  its 
polluting  ingredients  in  the  earth ;  and  the  effluent  water  may  be  passed  into  natural 

watercourses.  The  additional  volume  caused  by  the  admission  of  rain-water  and 
Bubsoil-water  into  the  sewers  has  caused  a  great  difficulty  in  dealing  with  the 
question,  especially  where  pumping  has  to  be  resorted  to.  The  most  successful 

cases  of  sewage-irrigation  have  been  those  on  what  is  called  the  *' separate  system,'* 
where  the  quantity  of  sewage  to  be  dealt  with  remains  a  known  quantity.  The 
original  idea  of  admitting  rainfall  into  sewers  was  to  flush  and  keep  clean  such 

sewers ;  but  experience  has  shown  that  proper-sized  sewers,  laid  at  proper  flushing 
gradients,  are  best^  and  that  distinct  methods  of  flushing  must  be  adopted  at  the 
head  of  all  drains  and  sewers. 

The  separate  system  provides  a  distinct  system  of  drains  for  the  surface-waters 
and  for  the  sewage-water  proper,  and  the  work  of  the  engineer  and  sewage-farmer  is 
thereby  brought  within  control  In  this  system,  the  sewage  goes  to  the  land,  and 
the  surface-water  to  the  streams  and  rivers.  Subsoil-drains  have  been  added  in 

many  town  drainage-systems,  and  around  many  mansions,  with  marked  effects  for 
good.  Cellars  and  areas,  which  were  formerly  flooded  in  times  of  rain,  have  been 
rendered  dry,  and  the  houses  thereby  improved. 

IBBIOATION. 

We  shall  have  occasion  to  consider  more  especially  the  question  of  dealing  with 

sewage  by  irrigation — either  surface-irrigation  or  by  subsoil-irrigation.  It  has 
been  shown  by  experience  that  sewage  can  be  satisfactorily  purified  by  passing 
it  through  the  soil  with  a  sufficient  depth  to  act  as  a  filter.  In  many  places 

sewage  has  been  dealt  with  by  surface-action  only,  the  growing  vegetation  sufficiently 
pQiifjing  the  sewage-waters  entering  at  the  outfall.  We  shall  proceed  to  describe, 
as  much  in  detail  as  possible,  how  the  sewage-fietrm  should  be  formed ;  and  we  may 
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here  remaric  that  whether  it  he  aewBge  from  the  town,  or  yillagey  or  "MMMaiw^ 
the  system  is  esentiallj  the  same,  the  onlj  difference  being  in  the  size  of  woiks 
neceaauy  to  be  cuiied  oat 

Yarious  systems  of  laying  out  the  land  for  sewage-irrigation  have  been  adopted, 
and  are  known  generally  as  the  Ridge  and  Farrow  system,  the  Catch-water  system, 
and  the  Pan  and  Gutter  system.  In  the  Ridge  and  Farrow  system  the  land  is 
diTided  into  ridges  and  furrows,  the  tops  of  the  ridges  running  square  with  the  main 
carriers.  In  the  Oatch-water  system  the  sewage  is  taken  in  carriers  along  contour 
lines,  the  sewage  running  along  the  higher  contour  carrier  gradually  fills  and  overflows 
the  lip  of  the  carrier.  In  oUier  cases  the  sewage  is  turned  at  certain  points  into  the 
lower  contour  carriers,  and  so  diverted  to  the  portion  of  land  required  to  be  treated 

with  the  sewaga  The  carriers  may  be  constructed  either  of  concrete  or  earthen- 
ware half-pipes,  and  in  some  cases  the  sewage  may  be-  taken  direct-  into  carriers 

formed  in  the  soU  itself,  merely  tUrfing  the  lip  of  the  carrier.  The  last  plan  has 
been  found  to  succeed  very  well  in  some  places,  and  has  the  advantage  that  the  land 
may  be  ploughed  up  in  any  direction  without  fear  of  disturbing  carriers  of  more 
permanent  constmction. 

A  very  important  matter  in  most  irrigation-schemes,  especially  where  tiie 
subsoil  water-line  is  high,  is  the  question  of  under-drsinage.  These  underdrains 
are  usually  laid  at  about  a  depth  of  four  feet  from  the  sur&ce,  in  audi  a  way  as 
to  divide  the  land  into  about  equal  areaa  In  all  sjrstems  of  tmdw-drainage  we 
have  arterial  drains  and  cross  drains  laid  in  parallel  lines.  The  subsidiaiy 
drains  are  laid  with  agricultural  pipes  of  two  inches  in  diameter,  and  the 
arterial  drains  may  be  of  any  requisite  sise.  Proper  inspection-wells  are  also 
constructed  on  many  points,  so  as  to  inspect  from  time  to  time  the  run  of  water. 
The  land  most  suitable  for  irrigation  is  that  with  a  gentle  slope,  and  the  soil  most 
suitable  is  of  a  light,  open  natura  Impervious  lands  cannot  be  treated  with  large 

quantities  of  sewage  without  most  careful  attention  to  the  question  of  under- 
dndnage,  for  although  sewage  is  purified  to  a  large  extent  by  surface-action  on 
impervious  soils,  yet  in  winter-time  it  does  not  seem  that  the  mere  passing  sewage 
over  the  land  causes  the  desired  purification.  To  manage  sewage-&nns  with  succ^s 
it  is  found  advisable  to  have  a  piece  of  fallow  land,  so  that  sewage  may  be  tamed 
on  to  it.sometimes  when  the  other  lands  have  been  fuUy  dosed.  Perhaps  the  most 

difficult  point  requiring  attention  is  to  deal  with  the  sewage-eludge  from  the  tanks 
in  a  manner  which  shall  be  inoffensive,  and  various  means  have  been  suggested  for 
accomplishing  this  purpose.  On  a  small  farm,  perhaps,  the  readiest  way  of  dealing 
with  this  sludge  is  to  dress  a  portion  of  land  with  it  which  does  not  readily  come 
under  the  irrigation  on  account  of  the  level.  It  nnay,  in  many  instances,  be  found 
necessary  to  disinfect  the  sewage-sludge  and  the  tank  which  is  being  emptied.  In 
some  places  it  has  been  found  advisable  to  cover  the  sewage-tanks  with  an  open 
louvred  roof,  to  avoid  any  nuisance  arising  from  them;  but  in  the  coontiy 
districts  the  tanks  are  generally  left  open. 

That  sewage-farms  and  irrigated  lands  are  not  injurious  to  the  health  of  the 
neighbourhood  adjoining  has  been  abundantiy  proved.  Perhaps  no  better 
illustration  could  be  given  on  a  large  scale  than  at  the  Beddiogton  Farm,  Croydon; 
and  it  is  not  too  much  to  say  that  the  value  of  manorial  ingredients  in  sewage  can 
only  be  utilised  effectually,  either  by  broad  irrigation  or  irrigation  combined  with 

^ 
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intermittent  downward  filtration.  Irrigation  has  been  carried  on  for  the  last  two 
liundred  years  at  the  Craigentenny  Meadows,  near  Edinburgh,  and  the  land  there  is 
as  fit  to  receive  sewage  at  the  present  time  as  it  was  at  first.  We  may  also  refer  to 
the  mairellous  results  produced  near  Paris,  where  a  barren  and  unfruitful  waste  has 
been  turned  into  a  vast  garden,  producing  flowers  and  finiit  for  the  Paris  markets. 
In  order  to  make  a  sewage-farm  workable  and  profitable,  storm-waters  and  subsoil- 
waters  should  be  kept  out  of  sewerage-systems.  We  thus  have  a  known  quantity 
of  sewage  to  deal  with,  instead  of  being  flooded  in  times  of  rain ;  and  there  is  the 
further  advantage  of  the  sewage  being  more  concentrated. 

SUBSOIL-IRRIGATION. 

The  disposal  of  liquid  sewage  by  subsoil-irrigation  will  recommend  itself  in 
many  instances,  owing  to  the  peculiar  facilities  it  afibrds  for  disposing  of  sewage- 
matter  without  nuisance.  There  are  many  cases  where  open  irrigation  in  close 
contiguity  to  mansions  or  dwellings  might  be  exceedingly  objectionable,  and  in 

such  cases  subsoil-irrigation  appears  to  supply  a  means  of  dealing  with  a  very 
difficult  question.  Subsoil-irrigation  came  prominently  forward  in  the  attempt 

to  deal  with  the  difficulty  of  slop-nuisance.  By  the  term  ̂ ^slop-nuisance,''  we 
mean  the  whole  liquid  refuse  of  the  household,  including  sink-water,  slop-water, 
laundry-water,  d^  The  dry-earth  system,  as  devised  by  the  Rev.  Henry  Moule, 
M.A.,  vicar  of  Fordington,  Dorsetshire,  dealt  successfully  with  the  excrement  or 

solid  part  of  the  sewage-difficulty,  and  this  dry-earth  system  will  be  referred  to 
in  another  section.  Among  the  attempts  at  dealing  with  the  slop-nuisance  arising 

from  cottages,  we  may'  mention  one  at  Holton,  Buckinghamshire,  where  the  slops 
are  conducted  by  a  drain  to  a  small  water-tight  receptacle  in  the  garden,  and  from 
this  receptacle  they  are  ladled  from  time  to  time  for  distiibution  over  a  garden. 

The  cottages  are  provided  with  earth-closets,  and  each  cottage  has  attached  to  it  a 
small  piece  of  garden-ground.  It  is  found  that  the  manure  from  the  earth-closets 
and  that  from  the  slop-disposal  can  be  all  utilised  on  the  garden-plots. 

At  the  cottages  of  the  Industrial  Aid  Society  at  Hereford,  sub-irrigation  was  used 
for  the  disposal  of  slop-water  in  the  following  manner.  Sub-irrigation  drains  were 
laid  with  small  catch-pits  at  intervals ;  it  was  found  that  the  slop-water  did  not 
penetrate  to  any  distance  into  the  drains ;  the  porous,  loamy  soil  readily  absorbed 
the  liquid.  The  Rev.  Henry  Moule  has  carried  on  some  experiments  at  his  house 
for  the  disposal  of  the  liquid  refuse  of  the  household  in  the  following  way.  The 

refose  flows  to  a  catch-pit  in  the  garden,  and  has  an  overflow  to  a  sub-irrigation  drain ; 
the  garden  is  cultivated  by  alternate  cropping ;  fresh  slops  ladled  from  the  catch- 
pit  are  distributed  to  the  garden  daily,  being  the  only  manure  used.  Mr.  Moule  is 
of  opinion  that  the  liquid  refuse  of  a  family  of  seventeen  or  twenty  persons  can  be 

profitably  used  on  twenty-five  perches  of  garden,  as  many  as  three  or  four  crops 
being  grown  yearly. 

Later  experience  has  praved  it  to  be  possible  to  deal  with  the  whole  of  the  sewage- 
matter  from  a  community,  including  not  only  the  slop-water  but  the  excremental 
matter  of  water-carried  sewage,  by  the  sub-irrigation  principle. 

The  method  of  sub-irrigation  as  applied  to  groups  of  cottages,  or  mansions,  or 

homesteads,  received  great  impetus  by  the  invention  of  the  flush-tank  by 'Mr.  Rogers 



666  OUB  H0MC8. 

VuAd,  The  chief  difficulty  of  sab-irrigatioii  by  graritation  from  the  ordinary  flow 
was,  that  no  great  quantity  could  be  delivered  at  a  time,  but  small  dribblets  weredis> 
charged  into  the  sub-irrigation  drains,  and  never  found  their  way  to  anj  disUnoe 
along  such  drains,  so  that  it  will  readily  be  seen  that  only  a  very  small  patch  of  the 
g^und  near  the  discharge  of  the  liquid  received  any  great  portion  of  it,  added  to 

which  the  uudei'ground  drains  bectime  rapidly  choked  up.  By  the  introdacdon, 
however,  of  the  flush-taiik,  it  became  possible  to  hold  up  the  small  dribblets  in  a 
tank  containing,  say  thirty  gallons,  and  by  means  of  a  self-acting  syphon  to  dis- 

charge the  whole  contents  instantaneously,  thus  causing  a  rush  of  liquid  along  the 
subsoil-drains  for  a  considerable  distance. 
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CHAPTER    LXVni. 

TBBATMEKT  OF  SEWAQB. 

OU-faahioned  Oenpools— Battrietioiii  regarding  their  Adoption,  and  Way  to  Deal  with  them— Inter- 
edition  of  Sol]d»-OTerilowa,->Fliuh-tank — Sub'inigation  on  a  Small  Scale  explained,  with 
Examplea — ^Large-aized  Flnah-tanka,  with  Strainers — Osier-bed  Treatment  of  Sewage — ^Ezamplea 
of  Sub-irrigation. 

Theke  can  be  no  doubt  that  what  are  now  termed  cesspools  have  existed  from  the 
earliest  times,  and  were  used  for  the  collection  of  liquid  wastes  long  before  the 
introduction  of  the  water-closet     When  the  latter  appeared  upon  the  scene,  the 
cesspool  became  an  absolute  necessity  in  very  many  cases,  and  the  practice  of  making 
nse  of  cesspools  has  continued  up  to  the  present  day,  to  the  great  detriment  of  health. 

Yeiy  often,  before  the  house  was  built,  the  site  of  the  cesspool  was  previously 
fixed  upon,  as  beiDg  the  most  important  matter.     In  choosing  a  locality  for  a  house 
preference  was  given  to  a  sloping  bank,  which  would  allow  of  an  overflow  into  some 
numing  stream,  quite  regardless  of  the  pollution  of  the  water.     But  it  is  not 
jncommon  to  find  cases  where  the  house  was  built  firsts  and,  for  want  of  a  suitable 

'bH,  the  cesspool  dug  out  inside  the  house.     This  was  the  case  especially  in  large 
nansLons  .witb  ample  cellai^age-room,  and  I  have  discovered  and  removed  as  many 
18  eighteen  cesspools  in  one  mansion.     The  rule  seems  to  have  been  that,  when  one 
vas  fnll,  another  must  be  provided.     Generally,  these  clustered  cesspools  communi- 
ated  with  each  other,  especially  when  they  were  group^  around  the  foot  of  a  soil- 
npe. 

Without  doubt^  the  earliest  form  of  a  cesspool  was  simply  an  excavation  in  the 
artb,  where  the  liquids  were  left  to  soak  away,  and  the  solids  to  disintegrate. 
!^pool8  of  this  description  are  still  dug  every  day,  even  now,  in  geological  strata 
ertnitdng  of  the  ready  absorption  and  dispersion  of  the  wastes.  I  have  no  doubt 
bat  hundreds  are  being  dug  at  this  very  moment  in  the  chalk  formation  alone, 
t  is  a  matter  of  notoriety  that  the  cesspools  in  the  chalk  are  to  be  accounted  the 
est,  inasmuch  as  the  liquids  drain  readily  away,  and  the  solids  speedily  disappear, 
md  8o  much  stress  is  laid  upon  the  adaptability  of  the  chalk  for  cesspool  purposes, 
int  a  rule  is  generally  lidd  down  to  the  effect  that  these  cesspools  are  not  to  be 
leaned  out,  inasmuch  as  when  once  the  sides  are  touched  or  scraped,  the  fissures 
vough  which  the  liquids  escaped  become  filled  up,  thus  transforming  the  cesspool 
iiich  gave  no  trouble,  into  one  which  required  to  be  periodically  cleaned  out. 
When  experience  had  proved  that  it  became  dangerous  to  deal  with  a  hole 

crely  dug  in  the  earth,  on  account  of  the  consequent  fouling  of  the  surrounding 

tW>il,  -which  formed  the  water-collecting  medium  for  the  drinking-water  of  the 
)ose,  the  cesspool  was  then  built  around  in  such  a  manner  as  to  render  it  water- 
l^t  Sometimes  overflows  were  provided,  and  where  these  were  not  possible,  the 
pids  were  baled  or  pumped  out  as  occasion  required.  It  cannot  be  doubted  that 
tt  value  of  such  sewage  was  appreciated,  and  that  in  farm-houses  the  rule  was  to 
itow  it  upon  the  land.    And,  doubtless,  this  liquid  manure,  dmved  from  all  souroeSi 
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was  made  nae  of  even  in  mannona,  at  the  gardens  and  otber  places,  though  with 

less  per8istenc7,  inasmuch  as  the  sewage  was  too  raw  and  heating  for  the  gaidenei^B 
ordinary  uses.  The  rule  was  to  provide  an  overflow  to  the  cesspool  of  large 
mansions,  and  lead  it  to  the  nearest  stream,  river,  or  pond.  Cesspools  of  this 

description,  untouched  for  the  last  fifty  years,  may  he  found  in  and  aroand 
thousands  of  our  country  houses,  their  very  whereabouts  being  unknown  to  the 
oldest  resident  Sumusing  the  existence  of  these  cesspools,  I  have  spent  whole 
days  before  I  discovered  them.  On  one  occasion  I  laid  bare  five  of  Uiem,  just 
outside  the  walls  of  a  residence,  and  they  averaged  fcttly  feet  in  depth  !  No  one  bad 
the  slightest  knowledge  of  their  existence,  and  believed  that  the  whole  of  the 
drainage  ran  into  a  hOce  below. 

It  is  hardly  credible,  but  I  can  assure  the  reader  it  is  so,  that  sometimes  when  a 
well  in  the  vicinity  of  the  house  has  been  poisoned  by  sewage,  in  order  to  lengthen 
the  periods  between  cesspool  emptyings,  the  old  well  has  been  converted  into  a 
cesspool,  and  a  new  one  dug  1  I  knew  a  cesspool  of  this  description  about  ninety  feet 
deep,  and  the  inlet  into  it  from  the  house  was  seventeen  feet  from  tiie  surfaca  It  was 
situated  in  the  chalk,  and  had  never  required  to  be  cleaned  out  It  was  ventilated 
by  a  pipe  up  the  side  of  the  house.  On  one  occasion  I  came  across  a  large  residence 
which  had  neither  drain  nor  oesspool,  and  everything  found  its  way  in  the  open,  air 
to  the  nearest  rock  crevice,  and  beyond  that  no  one  knew  what  becsme  of  the 
liquid  sewage. 

It  is  a  very  safe  thing  to  say  that  a  cesspool  collection  is  improper,  and  that  the 
evils  connected  with  it  are  many  and  serious^  unless  tho  utmost  precautions  be 

taken.  The  usual  practice  has  been,  and  is  yet,  to  buOd  a  water-tight  cesspool, 

taking  the  overflow  into  the  nearest  ditch,  sometimes  only  providing  a  ventilating- 
pipe,  and  almost  invariably  taking  the  pipes  from  the  house  direct  into  it  Some- 

times a  flap-trap  was  placed  at  the  end  of  the  pipe  inside  the  cesspool,  but  seldom 
was  any  disconnection  practised  between  the  tank  and  the  house.  In  conaequenoe  of 

this,  the  broken  well-traps  in  the  floors,  the  untrapped  sinks,  and  the  closets,  especially 
when  the  handles  were  lifted,  and  the  neighbourhood  of  all  these  services  in  the 
early  morning,  evinced  the  presence  of  the  foul  air  generated  in  the  cesspool ;  and  to 

make  matters  worse,  the  drains  were  very  often  far  from  water-tight^  and  were  in 
most  places  not  free  from  deposits. 

Under  conditions  such  as  t^ese,  a  cesspool  collection  is  a  positive  pest^  even  in  the 
country;  but  when  it  occurs  in  a  town,  the  amount  of  danger  is  incalculable;  Thsxe 
are  in  London  yet,  thousands  of  houses  which  drain  into  cesspools,  and  have  only  the 
overflows  taken  into  the  sewer.  As  a  matter  of  course  all  these  cesspoob  should  be 
abolished,  and  when  a  block  of  old  houses  is  pulled  down  in  a  dtj  like  London, 
the  whole  site  should  be  ploughed  up  in  a  search  for  these  old  receptacles,  as 
otherwise  some  of  them  may  come  to  be  left  inside  the  walls  of  the  new  houseL 

The  question  arises,  can  cesspools  be  made  use  of  under  any  circumstances  I — and 
in  reply  I  would  venture  to  say  that  no  condition  of  things  can  justify  the  building 

of  a  cesspool  upon  the  old-fashioned  system.  It  can  only  be  necessary  to  provide 

one  at  aU  when  there  is  no  other  way  of  dealing  with  the  sewage,  and  these  con- 
ditions are  rare.  When  a  cesspool  has  to  be  built,  it  should  be  at  the  farthest 

possible  distance  from  the  house,  the  house-drain  disconnected  from  it  by  scHue  one 
of  the  kinds  of  disconnection  previously  explainedi  the  drain  between  the  disoon- 
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nection-tJiamber  and  the  cesspool  frequMitly  ventilated,  as  well  as  the  cesspool 
itself  an  inlet-trap  placed  just  before  the  entrance  into  the  cesspool,  and  every 
other  precantion  taken  to  prevent  the  passage  of  foul  air  from  the  cesspool  to  the 
house. 

When  it  is  incumbent  upon  the  owner  of  a  residence  to  have  recourse  to  oesspoot 
outial],  he  should  never  preferably  make  choice  of  any  arrangement  which  permits 
of  the  carriage  of  both  solids  and  liquids  to  the  cesspool.  It  is  bad  enough  to  have 
to  lead  the  liquid  wastes  to  the  tank  ;  the  solids  should  be  intercepted  on  their  way 
to  the  cesspool  by  any  suitable  arrangement  of  depositing-platform,  and  these  solids 
should  be  collected  daily  and  covered  with  earth  for  future  garden  purposes.  The 
nearer  the  house  this  can  be  done,  convenient  to  some  privacy,  the  better  the 
arrsngeroent  will  work.  This  system  of  iatercepting  solids  on  their  way  to  the 
cesspool  is  fast  becoming  generally  practised  at  country  reaidencee.  I  have  seen 
examples  which  have  been  in  regular  working  condition  for  some  years,  and  given 
eveiy  satisfaction. 

The  advantages  connected  with  this  ̂ stem  of  solids-InterDeption  on  their  way 
to  the  ccespool  are  many ;    ohief  among 
them  is  the  fact  that  the  cesspool  is  freed 

from  a  great  deal  of  deposit,  thus  render- 
ing it   eauer  to  deal    with   the   manure 

upon  the  land,  and  also  lessening  the  smells 
geoetated  in  the  cesspool     This  practice 
also  gives  the    excrementitioue    products 
direct  to  the  earth,  with  which  they  become 
very  speedily  incorporated.     The  value  of 
the  earth  thus  enriched  is  espei^ly  well 
known  to  the  gardener,      A.  sketch  of  a 
suitable    strainer,    or     solids-intercepting 
chamber,  is  given  at  Fi^  278.     Here  the  strainer  k  is  of  thick  wire,  in  an  iron 
frame,  and  is  made  movable.      The  chamber  has  a  concreted  bottom  and  brick 
liJes,  and  the  rounded  bed  of  the  bottom  is  smoothly  cemented.     In  this  pattern 
of  straining-chamber,  the  solids  can  be  scooped  out  and  carried  away.     Preferably, 
vhen  there  is  a  sufficient  fall,  they  are  made  to  collect  upon  a  movable  tray  ;  the 
whole  is  covered  1^  a  hinged  wooden  lid,  as  shown  at  & 

It  very  often  happens  that  a  cesspool  is  obliged  to  be  built  in  a  place  which 
»ill  not  admit  the  carrying  away  of  an  overflow  from  it  And  as  it  b  full  of  risk 
to  build  a  cesspool  without  making  it  water-tight,  in  sucli  cases  as  these,  the 
tank  would  require  to  be  periodically  emptied  by  means  of  a  pump,  and  the  sewage 
carted  away  to  where  it  could  be  used  upon  the  land.  When  there  is  a  stream  iu 
the  neighbourhood  of  a  cesspool,  the  overflow  of  the  latter  should  not  be  t&ken  into 
the  stream  or  ditch,  although  this  is  very  frequently  done.  Sometimes  the  overflow 
of  a  cesspool  can  be  provided  for  by  causing  it  to  deliver  itself  into  a  series  of 
agricultural  pipes,  arranged  around  the  cesspool,  and  placed  a  foot  or  so  under- 
gionnd,  with  open  joints.  I  have  seen  this  kind  of  treatment  of  the  overflow  work 
tolerably  well  in  the  field  and  garden  ;  if  the  drain-pipes  fill  up,  they  can  be  easily 
taken  np  and  re-laid,  and  in  another  direction  if  need  ba  The  cesspool  itseU  should 
alvays  be  ventilated,  the  amount  of  ventilation  depending  upon  its  capacity  for  storage. 
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Tf  llie  ceaapool-Ryatem,  whera  ite  adoption  beoomw  Tuuvoidsble,  it  tntted 
H  uiilic*t«d  above,  the  nulnnoe  of  &  oenpool  ftt  all  irill  be  redooed  to  a  minimBrii. 
Bat  it  ahonld  be  taken  for  granted  that  a  ileliveiy  ot  the  drainage  ol  a  houw  into  a 
oeaqiool  should  only  be  retcwted  to  when  so  other  edieme  can  be  devised ;  txd 
before  a  oeaapool  is  dedded  upon,  a  competent  opinion  shonld  be  obtained  u  to 
whether  lome  method  of  irrigation,  for  lostAQoe,  could  not  be  airanged  in  its  place. 
Where  a  oesBpool  moat  be  adopted,  it  should  be  kept  aa  free  as  posaible  frun  the 
inflow  of  rain  and  Bnrfaoe  waters.  Aa  much  as  possible  also,  the  earth  or  aih  closet 
system  should  be  adopted  outside  tiie  house,  so  as  not  to  fill  the  cee^xxil  too 
quickly.  This  last  remark,  however,  wonld  only  refer  to  houses  with  bot  litUe 
land,  and  not  where  there  is  abundant  facility  for  throwing  the  sewage  upon  the  land. 

In  very  many  places  where  eeespools   were    in   use,    these   are   fast   being 

supplanted  by  the  system  of  snb-iirigation,   which   consists   in   discharging  the 
liquid  sewage  into  pipes  laid  undergroimd,  witih  a  view  to  its  being  absorbed  by 
the  earth  to  the  benefit  of  the  r^etation  overhead.     It  is  not,  however,  ev«ay  kind 

of  soil  that  will  permit  of  the  disposal  of  the 
sewage  in  this  way,  and  before  it  is  resorted 
to,  the  nature  of  the  ground  should  be  caiefollf 
ezaroined  by  some  expert ;  as,  where  the  land  ii 
not  suited,  and  cannot  well  be  made  suitable,  for 

sub-irrigation,  sometbing  else  mo^  be  resorted 
ta 

A  section  of  Mr.  Field's  improved  fliufa-tsok, 
suitable  for  the  collection  of  liquid  slops  for  the 

carrying    out   of    sub-irrigation,    ia    drawn  at 
Fig.  279.     It  consists  of  a  cylindrical  iron  task, 
A,  with  a  trapped  inlet,  b,  which  also  forms 

Hf  ITB.— ntlfs  Thuh-tmlT.  *  movable  cover  to  gire  access  to  the  inside  of the  tank.      The  pipe  from  the  sink  dischsi^ 

.   over  the  gratdng  of  the  inlet,  as  shown  on  the  figure,     c  is  a  socket  for  ventilatiiig- 

pipe,  D  the  syphon,  and  f  what  is  called  the  "  discharging-trouf^"  conaJatJng  of  a 
sm^  chamber,  made  to  turn  round  so  that  its  mouth  may  be  set  in  the  direction  that 

is  required  for  connecting  it  with  the  line  of  outlet-pipes,  a,  and  provided  with  a 

movable  cover  for  access  to  tlie  mouth  of  the  syphon.     This  "  discharging.trough  " 
is  an  important  feature  of  the  tank,  as  it  is  of  a  peculiar  shape,  which,  by  checking 
the  outflow  of  the  liquid  from  the  mouth  of  the  syphon,  enables  a  smaller  quantity 
of  liquid  flowing  into  the  tank  to  fill  the  bend  of  the  syj^on  and  set  it  fully  in 

motion.     So  completely  does  this  efieot  its  purpose,  that  a  hand-bowl  fall  of  water 
thrown  down  tlie  sink,  fitted  witli  an  ordinary  bell-trap  and  pipe,  will  set  the  s^pbui 
in  action  when  tbe  tank  is  once  fulL 

The  sink-pipe  discharges  over  the  grating  of  the  trapped  inlet,  B,  outside  the 
honse,  so  tiiat  tJie  connection  between  the  drains  and  the  house  ia  completely  broken, 
and  any  entry  of  foul  wr  is  impossible.  The  top  of  the  tank  is  completely  dosed 
by  means  of  the  water-joint  round  the  cover,  and  the  covot  is  readily  removed  when 
required.  The  inlet,  moreover,  forms  a  basin,  which  may  be  used  for  tfuowing 
down  slops  outside  the  house.  This  is  spedally  advantageous  wheat  eartb-cloKt! 
aro  used,  as  it  enables  the  bed-room  slops  to  be  kept  out  of  the  earth-closeta 
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A  very  convenient  fonn  of  this  flttsh-tank  is  now  made  in  earthenware,  and, 
iostetid  of  standing  erect,  it  takes  an  elongated  horizontal  form,  and  is  more  haJidy 
(o  manage.  The  automatic  delivery  of  its  contents  is,  however,  equally  well  pro- 

vided for. 

A  very  good  example  of  the  Bub-irrigation  system,  aa  carried  oat  on  a  Bmall 
scale,  in  the  case  of  two  cottages  at  Shenfield,  in  Essex,  is  given  at  Fig.  280. 
The  flash-tanka    used    there  were    among    tlie  first    devised  by  Mr.  Field,  and 
received  the  slop-waters  only.      And  it  may  be  here  remarked  tiiat  it  is  usual 
b)  lay  a  portion  of  water-tight 
ilroin  from  the  dwelling  away 
towards  tibe  plot  where  Bub-irri- 
gatian  is  practised,  in  order  to 
avoid  contamination  to  any  wells 
from  which  water  is  derived  for 

g-purpoBes. 
This  example  of  sub-irriga- 

tion cannot  be  better  described 

tlian  as  under  :  a  representing 
the  cottages,  c  the  irrigated 
groond,  and  D  the  flush-tanka 
The  water-tight  drains  are  repre- 

sented by  the  thick  black  Unes 
from  the  tanks,  the  sub-irriga- 

tion drain  (1  foot  deep)  by  the 
thinner  black  lines,  the  land- 
drains  (4  ft.  deep)  by  the  double 
lines  between  the  latter,  and 

the  inapection-wells  by  the 
square  black  dots.  The  total 
urea  of  land  and  bnilding  is 
I  rood  9  perches;  the  area  of 
land  irrigated  about  14  perches. 

In  this  case  it  was  found  necessary  to  under-drain  the  gardens,  owing  to  the 
nature  of  the  soil,  which  was  a  mild  clay.  Unfortunately,  the  sub-irrigation  and 
landnirains  were  found  to  be  too  near  together,  so  that  the  sewage  occasionally  pene- 

trated direct  to  the  land-drains  without  sufficient  passage  through  the  soil  to  purify 
it,  and  the  sub-irrigation  drains  had  eventually  to  be  taken  up  and  re-laid.  The 
position  of  the  land-drain  was,  however,  such  that  it  was  impossible  to  lay  the  sub- 

irrigation  drains  at  a  proper  distance  from  them.  14'otwithstanding  this  drawback, 
the  sewage  was  under  ordinary  circumstances  entirely  absorbed  by  the  soil  and 
vegetation,  the  intermittent  action  of  the  syphon  greatly  assisting  this  result,  by 
giving  fall  opportunity  for  the  purification  of  the  sewage,  on  the  principle  of 

"  intermittent  downward  filtration."  The  sub -irrigation  pipes  were  intended  to  be 
taken  np  and  cleared  annually ;  but  they  were  actually  left  undisturbed  for  nearly  three 
yeara  without  any  practical  inconvenience.  On  being  taken  up,  they  were  found  to 
tie  partially  choked,  but  still  able  to  allow  the  sewage  to  escape  into  the  soil  very 

rapidly.     Hie  sub-irrigation  has  now  been  in  action  for  a  number  of  years,  and,  on 

Vif.  aM.-SaMRliaUoii  alt  Sheafleld. 
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Uie  vkole,  ii  a  decided  anooen.  Hu  dqwrit  in  the  tank  ii  wUUngfy  cleaRd  out 
eveiy  two  nr  three  montha  bj  the  teaaati,  who  like  to  haTe  it  for  use  in.  the  guden ; 
utd  tho  ooet  of  cle*riag  the  lub-inigation  drains  ia  only  a  few  Bhillinga  annnaUf ,  ti 
they  can  so  readily  be  taken  dp  and  relaid  in  die  permanent  bed. 

The  lyvtem  above  described  has  been  farther  elaborated  for  dealing  with  the  liquid 
honse-refnae  of  villages  and  towns,  and  a  tank  was  designed  colled  an  autcunttic 
sewage-meter,  constructed  on  the  tame  prindple  as  the  floah-tank.  Thia  metertask 
was  built  in  brickwork  in  two  separate  compartments,  ao  tliat  one  oompartment 
oould  be  used  while  the  other  is  being  cleaned  ont  A  meter  of  thia  kind  <ns 
erected  near  Leatherhead  (Sarrey),  and  dealt  with  the  sewage  of  a  hamlet  of 
thirteen  houses,  including  the  mansion  and  the  Gum  homestead,  with  a  popnlstioD 
of  abont  14K  people.  The  drainage-scheme  was  carried  oat  by  iSr.  Bailey  Deottn, 
and  dealt  with  the  liquid  honse-refnae  of  the  homestead,  tlie  drainage  of  the  farm- 
buildings,  and  about  four  water-closets.  The  eommon  privy  was  retained  for  the 

cottages^  and  was  made  m  water-ttgbt  receptacle^  the  ocmtents  oi  which  woe  re- 

moved monthly  for  use  on  the  gardens.  There  was  alao  the  drainage  of  cattle-sheds, 
stables,  and  piggeriea  The  capacity  of  the  tank  was  600  gallons,  and  it  filled  sad 
dischai^ed  three  times  in  two  days ;  the  several  diachargea  were  directed  on  different 
portions  of  a  plot  of  ground  prepared  for  the  purpose.  The  arrangements  u 
carried  out  at  Eastwick  may  be  regarded  as  complete  and  satisfactory,  and  it  hu 
been  calculated  that  about  five  per  cent  on  the  outlay  of  the  works  ia  realised 
The  irrigated  land,  in  this  instance,  is  in  close  contiguity  to  the  mansion,  but  no 
nuisance  is  experienced  irom  it  Previous  to  these  works  being  carried  ont,  the 
slops  from  the  cottages  and  mansion  found  their  way  into  tlie  nei^booring  ditdie^ 
and  decomposed  there,  causing  considerable  nuisance,  especially  in  Ute  samnur- 
tim& 

I  have  already  described  and  illustrated  at  Fig.  276  a  laige  flushing-tank,  hariag 
an  annular  syphon  fixed  in  it,  by  means  of  which,  when  water  has  risen  up  to 
a  certain  height,  the  whole  of  its  contents — say  300  gallons,  for  exaiuple— an 
discharged  automatically.     This  syphon  b  of  the  utmost  value  in  irrigation. 

A  section  of  a  tank  for  this  purpose  is  shown  at  Fig.  2&1,  with  the  chamber  when 
the  solids  are  stoained  back,  as  explained  at  1%.  278. 

But  it  is  not  always  necessary  to  have  so  many  iron  strainers.    The  sewags  fnn 
the  house  enters  at  a,  is  strained  at  B,  the  liquid  portion  reaching  the  tanks  at  o; 
■vod  when  the  sewage  has  readied  the  maximum  water-level,  the  syphon  D  b  actuated, 

id  the  sewage  discharges  into  the  trou^  and  passen  over  the  weir  to  the  ovtblL 
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A  by-wash  and  overflow-drain  is  led  around  the  tank  at  the  back,  and  these  pipes 
are  shown  at  F. 

As  can  easily  be  understood,  a  tank  of  this  description  would  never  be  relied 
upon  to  deliver  the  sewage  of  a  house  to  a  piece  of  land  unless  the  sewage  was 
carefully  strained  and  the  solids  removed.  The  full  advantages  of  having  a 
periodical  discharge,  and  the  tsuct  that  the  solid  excrement  is  properly  dealt  with, 
by  being  collected  and  covered  with  earth  until  it  becomes  invisible,  can  hardly  be 
realised  until  such  an  arrangement  as  I  have  given  is  examined  in  detail  where 
at  work.  Sewage  which  has  been  strained  in  such  a  manner  as  this,  and  collected 

in   an  intermittingly-discharging  tank,  which  gives    the   ground   to  be  treated 

some  time  to  rest  before  it  discharges  again,  can  be  used  to  great  advantage 
in  connection  with  an  osier-bed.  Fig.  282  gives  an  Qxample  of  this  kind.  The 
stndning-chamber  and  tank  which  receives  the  sewage  from  the  mansion  is  situated 
at  A,  and  the  discharge  on  to  the  osier-bed  is  at  b.  The  thick  black  line  represents 
the  trench  which  receives  the  sewage,  and  at  will  this  sewage  can  be  confined 
to  any  of  the  plots  marked  by  the  letters  o  to  g  inclusive.  The  mansion  is  fitted 

up  with  water-closets  only,  and  the  whole  of  the  sewage  finds  its  way  to  the  tank  at 
A.  The  area  covered  by  the  osier-bed  is  only  about  a  quarter  of  an  acre,  and  the 
nature  of  the  land  is  such  as  not  to  require  subsoil-drains.  Sufficient  drainage 
for  the  effluent  water  is  procured  by  a  wide  trench,  as  shown  by  the  double  dotted 
line,  gradually  deepening  to  where  the  purified  sewage  joins  the  stream. 

Where  an  osier-bed  is  properly  dealt  with,  the  greed  with  which  the  plants  lick 
up  sewage  is  astonishing,  and  the  water  discharged  from  them  is  remarkably 
pore ;  but  everything  depends  upon  the  suitability  of  the  land,  and  as  to  whether 
the  beds  require  underground  drainaga  Where  these  points  have  not  been  well 
considered,  the  site  will  become  water-logged,  and  probably  prove  a  nuisance.  One 47 
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thing  in  faToor  of  the  establUIiinent  of  an  osier-bed,  where  it  will  suit,  is  ihat  it 
yields,  or  ought  to  jridd,  periodically,  a  tolerable  profit 

The  following  plan  (f^  283),  scale  66  feet  to  an  indi,  shows  a  plot  laid  out  for 
subeoO-irrigation,  where  the  strong  continuous  lines  indicate  the  position  and  ran  of 
the  water-tight  drains     Tbs  subsoil-drains  are  of  sgrioultural  tiles  genendly,  2  to  3 

inches  diameter.  The  subsoil-drains  are  laid  about  2  feet  below  the  tiurface,  on  a 
bed  of  half-round  tiles.  The  sewage  from  the  outfall  drain  is  delivered  into  a  brick 
tank  at  the  point  marked  a  upon  the  plan,  which  is  of  sufficient  capacity  to  hold, 

say,  one  day's  flow.  The  tank  ia  fitted  with  a  self-acting  syphon,  which  discbarges 
the  contents  of  tlte  taiik  suddenly,  and  causes  a  flow  of  the  sewage  tbroiigli  the 
wat«r-tigbt  drains,  and  theuce  into  the  minor  drains.  These  drains,  being  laid 
open-jointed,  allow  the  sewage  to  percolate  into  the  ground. 
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CHAPTER  LXIX 

SBW  AGS -TREATMENT. 

Sewage— Snrfaoe-treatmenfr—TuikB  for  Irrigation— The  Flat-bed  System— Spedal  Lrigatiiig  Appli* 
anoes,  Pipes,  Valves,  fta — ^The  Oontour  or  Catchwater  System— Osier-bed  Treatment — Pane  and 
Gntter,  or  Kidge  and  Farrow  System— Gombiued  Treatments— Sewage  Cropping— Intermittent 
Downward  FQtration  and  Sub-Irrigation — Examples  of  Same — ^DeUveiy  into  the  Sea— Precipitation. 

It  now  becomes  neceasary  for  me  to  give  some  examples  of  the  various  methods  of 
dealing  with  the  sewage  which  accrues  from  the  larger  establishments;  and  I 
will  do  this  BS  briefly  as  possible,  since  all  I  need  do  is  to  simply  furnish  the 
reader  with  an  idea  of  some,  at  least,  of  the  many  methods  which  are  employed 
for  the  disposal  of  sewage  other  than  by  the  stoiing  of  it  in  cesspools. 

First  of  all  let  us  define  what  sewage  is.  Sewage  is  water  holding  in  suspension 
and  solution  ingredients  which  do  not  belong  to  it  as  water,  which  render  it 
objectionable  to  sight  and  smell,  injurious  to  health,  and  unfit  for  the  domestic 

uses  of  man.  Town  or  house  sewage  is  water  broufl^t  to  this  condition  by  the 
addition  of  human  excreta  from  water-closets  and  urinalli  sink-washings,  the  washings 
of  the  surfaces  of  streets  and  yards,  and  the  refuse  from  trades  and  manufacturea 

To  remove  from  this  foul  water  the  substcmces  which  give  it  the  title  of  sewage  $ 
to  take  from  it  the  smell,  colour,  turbidity;  to  destroy  the  germs  of  disease, 

bred  or  dischai^ged  into  sewei'S,  and  to  bring  it  back  as  nearly  as  may  be  to 
the  original  state  of  pure  water ;  this  is  the  constituted  end  of  all  sewage  processes. 

Accumulate  sewage  is,  under  ordinary  circumstances,  a  bluish-grey  turbid 

liquid,  and  gives  ofi^,  in  coldest  weather,  when  fresh,  a  smell  which  more  resembles 
that  of  stale  cabbage-water  than  that  which  might  perhaps  be  expected;  but 

in  warm  weather,  or  where  it  is  long  in  i*eaching  its  outfall,  to  *  use  a  homely 
Olustration,  the  still  more  offensive  smell  of  rotten  eggs  is  added.  This  smell 
is  more  or  less  apparent  according  to  the  degree  of  concentration,  or  to  the  degree 
to  which  putrefactive  decomposition  has  proceeded,  and  the  offensive  combination 

is  now  generally  known  under  the  term  of  sewer-air  or  sewer-gas. 

Sewage  when  allowed  to  stand  does  not  become  clear ;  the  grosser  poi-tions  of  its 
suspended  matter  are  indeed  deposited  by  degi'ees,  and  in  this  way  a  certain 
improvement  is  brought  about ;  but  from  its  slimy,  glutinous  nature  it  is  difficult, 
if  not  impossible,  to  get  anything  like  a  clear  liquid  by  subsidence.  The  same .  is 

practically  true  of  the  ordinary  ai-tificial  filtration  of  sewage;  for  although  it  in 
})OAsible  to  filter  sewage,  the  pores  df  the  sand,  earth,  or  other  filtering-material 
employed,  soon  bejsome  choked;  and  all  attempts  to  thoroughly  Jilter  sewage  on 
a  large  scale  have  hitherto  resulted  in  failure^ 

The  suspended  matter  of  sewage  is  partly  of  an  animal  nature ;  consequently^ 
l»y  exposure  to  the  air  at  any  ordinary  temperature  it  is  liable  not  only  to  suffer 
putrefaction  itself,  but  to  induce  it  In  other  substances  of  a  more  inert  character. 
The  putrefactive  change  occurs  most  readily  when  the  sediment  is  exposed  to  the 
ftir,  as  when  the  deposit  found  in  sewers  or  the  tankb  connected  with  them  is 
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collected  in  large  qaaniiiieB ;  but  it  does  not  abflolutelj  require  tliis  free  exposofe 
to  air  to  set  up  putrefaction^  there  being  always  a  sufficient  supply  of  oxygen 
famished  by  the  agitation  taking  place  in  sewers.  To  the  gradual  palmfactioD 
of  solid  matters  is  attributable  the  fact  that  although,  if  sewage  is  filtered,  a  clear 
liquid,  almost  devoid  of  smell,  may  result,  this  comparatively  inoffensive  condition 
does  not  last  long.  The  liquid  still  contains  animal  and  vegetable  matters  in 
solution,  and  is  anything  but  water.  It  is  liable  to  speedy  putre&ction,  an^ 
consequent  noxious  smell,  with  the  production  of  a  further  quantity  of  sospended 
matter,  rendering  it  again,  though  in  a  less  degree,  turbid. 

In  addition  to  organic  matter,  the  filtered  liquid  contains  all  the  soluble  minenl 
compounds  of  the  sewage,  and  in  most  cases  is  charged  with  carbonic  acid,  and  with 
more  or  less  sulphuretted  hydrogen,  both  of  these  being  products  of  the  decay 
of  animal  and  vegetable  matters. 

The  object  of  irrigating  with  sewage  in  any  way  is  to  make  use,  where  possible, 
of  the  useful  constituents  upon  the  land,  and  to  bring  tJie  effluent  water  to  sack 
a  state  of  purity  as  will  satisfy  the  requirements  of  the  law. 

SURFACB-TREATMENT. 

There  are  a  great  number  of  persons  who,  disliking  cesspools,  turn  the  wbole  U 
their  sewage  on  open  grasslands  at  some  distance  from  the  house ;  and  when  one 
portion  has  become  saturated,  they  divert  the  flow,  it  may  be  by  a  flexible  W, 

to  another  portion  of  the  field.  This  surface-treatment  cannot  be  properly  called 
irrigation^  perhaps,  but  it  is  a  primitive  system  of  sewage<lisposal  leading  np  to 
it  The  portions  of  the  field  over  which  the  sewage  has  passed  show  a  richer 
verdure ;  and  if  the  sewage  is  not  permitted  to  discharge  too  long  on  one  placcj  tip 

grass  is  not  rendered  too  rank  or  unfit  for  grazing.  Hie  proper  method  of  dealin;* 
with  grass-land  which  is  to  be  sewaged,  is  to  divide  it  off  into  plots  bymean^ 
of  hurdles,  and  then  to  apply  the  dose  of  sewage  for  a  sufficient  time,  and  vbea 

enough  has  been  supplied,  the  hurdles  are  permitted  to  remain  up  until  the  soil  b^"^ 
appropriated  and  oxidised  the  sewage-matter,  which  it  will  very  rapidly  do  if  tbe 
soil  be  at  all  suitable.  The  cattle  may  then  be  safely  turned  upon  it ;  and  shoold  a 
shower  of  rain  occur  in  the  meantime,  it  will  be  all  the  better  for  the  crop.  1^ 

surface-treatment  of  this  description  it  is  not  often  necessary  to  pix>yid6  earners 
or  drainage,  there  being  no  effluent  worth  specially  providing  for. 

TAKES   FOR  IRRIGATION. 

i5etore  proceeding  to  notice  any  of  the  more  advanced  systems  of  irrigation, 
it  will  be  necessary  to  furnish  here  an  idea  of  the  outfall  discharge,  and  how  i> 
is  regulated.  These  tanks  differ  very  much,  and  I  will  only  describe  one  pattern  (< 
them.  In  the  example  shown  at  Fig.  284,  the  sewage  first  of  air  discharges  into 
a  small  regulating-chamber,  a,  out  of  this  chamber  a  pipe  is  led  to  two  subsiding 
t^nks  placed  right  and  left  of  the  chamber,  and  at  the  ends  of  these  pipes  in^^ 
the  regulating-chamber  are  two  flap  valves,  shown  at  b.  The  sewage  flows  into  the 
regulating-chamber  by  a  pipe  of  convenient  size  laid  to  a  suitable  gradient 
It  may  be  necessary  to  employ  flushing-tanks  at  each  head  of  the  ramification  of 
^e  s^wer,  in  order  to  keep  the  main  sewers  clear. 
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Hie  sewage  as  will  be  seen,  enteni  the  two  tanks  c  and  d  at  the  option  of 
the  workmen. 

In  this  case  the  tanks  are  sloped  down,  and  are  comparatively  shallow.     Hie 
tanks  are  fitted  with  double  gratings,  b,  r,  with  vertical  bars,  about  two  feet  apart^ 

and  the  spaces  between  these  gratings  are  stuffed- wiUi- straw  litter,  or  with  land 
refuse,  or  some  other  material  easy 
to  obtain.      This  filt«ring-medium, 
whatever   it  may  be,  is  weighted 
down    by  means  of  a  plank,  and 
altogether  it  speedily  forms  a  moat 
rfticient  strainer    for    the  sewage, 
arresting  by  this  simple  contrivance 
the  whole  of  the  sohdg. 

As  will  be  seen  by  the  longitu- 
dinal section  of  the  regulating- 

chamber  A,  which  is  given  below  at 
o,  the  sewage  enters  the  chamber 
by  means  of  the  pipe  B,  which  pipe 
must  be  brought  up  to  about 
eighteen  inches  above  the  ordinary 
level  of  the  ground  when  it  is  flat- 
lying.  In  the  r^ulating-chamber 
a  ganging-weir,  i,  is  Szed,  which 
regulates  the  flow  of  the  storm- 
water  ;  and  this  w^  b  set  at  such 
a  height  that  during  periods  of 
excessive  runfaU,  the  storm-water 
flows  over  it,  and  passes  direct  to 

the  outfall-pipe  j.  This  provision 
is  made  because  at  such  periods  an 
ezcefltdTe  volume  of  water  would 

damage  Ote  crops  on  the  irrigation- 
beds,  especially  if  the  brook  or  river  TK.  m 
into  which  the  effluent  water  dis- 

charged were  at  the  same  time  in  a  state  of  flood.  The  addition  of  a  small  quantity 
of  sewage  which  would  at  these  times  be  conveyed  to  a  brook  or  river  would  be 

almost  infinitesimal  The  overflow-pipe,  j,  of  course  passes  underneath  the  irriga-  ' 
tion-beds,  and  would  enter  a  brook  or  river  at  a  suitable  level.  An  overflow  is 
also  provided  in  the  settling-tanks  themselves  in  case  of  accident  i 

After  a  time  it  b  evident  that  the  settling  portion  of  the  tanks,  c,  d,  will  be  full  ' 
of  more  or  less  solid  deposits,  and  when  this  accumulation  takes  place,  the  water 
is  drawn  off  by  a  valve,  placing  a  few  bricks  before  it  by  way  of  a  rude  filter. 
When  the  water  has  been  all  run  off  in  this  manner,  the  contents  are  then  allowed 

to  diy  for  a  few  days,  and  afterwards  wheeled  away  into  a  compost-heap,  which 
is  subsequently  carted  away  for  putting  upon  the  land,  or  dug  in  upon  arable  land. 
Not  very  much  can  be  said  about  the  worth  of  this  material  It  pays  for  cartage, 
and  little  more  can  be  said  re.garding  its  value. 
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After  the  sewage  hat  paned  tlmra^  the  stnineiB,  r,  f,  it  has  the  ̂ pttn°^  ̂  
iiiinply  dirty  brown  water,  and  this  ia  led  directly  into  the  aewige^A^ien,  kkk, then  into  the  branch  oarrien,  and  so  on  all  OTer  the  ground. 

THB  FLAT-BBD  8TSTCM  OF  IKRIOATIOir. 

Suppoaing  the  aewage  from  the  house  or  village  to  have  paffied  wK^ 

fcgulating-chamber  into  the  settling-tanks  and  through  the  filter,  it  '^}^^  ̂ ^ 
carriers  to  the  ground  to  be  treated     For  example,  a  piece  of  ]axA  is  ̂ ^  ̂ 
Fig.  285,  and  this  irrigation-area  was  laid  out  so  aa  to  divide  it  in  ̂  

N-^ J^^-^ SECTION 

of  all  the  turf  was  ploughed  off,  and  then  its  higher  portions  were  plongbed  bo  ̂ 
to  level  it  down  until  each  bed  was  made  leveL  The  irrigation-area  ̂ m  ̂  
thoroughly  under  drained  to  a  depth  of  six  feet^  these  drains  being  made  of  ̂  
inch  agricultural  pipes  laid  about  six  yards  apart^  This  formed  the 

bed,  and  as  the  ground  was  in  this  case  semi-porous — ^by  which  is  meant 
with  a  little  washed  down  clay — the  under-drainage  has  proved  very  effect!^ 

has  had  the  practical  effect  of  converting  the  whole  of  the  irrigation-area  into  on^ 
large  filter-bed. 

In  the  example  drawn  at  Fig.  285,  the  land  is  irrigated  on  the  fiat-bed  sys^ 

the  site  being  divided  into  three  beds,  A,  B,  and  a  The  settling-tanks  are  shown  i^ 
D,  B,  the  sewer  by  the  thick  black  line,  the  overflow  and  main  under-dnintotbe 
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brook  hy  the  thick  dotted  line.  The  light  dotted  linea  show  Ute  undergToaod 
■gricoltiiral  pipes. which  form  the  permanent  bed,  and  drain  into  the  main  under- 
gronnd  drain.  The  three  beds  into  which  this  land  was  divided,  as  is  roughly  shown 
in  the  section,  Fig.  285,  are  so  arranged  that  each  bed  could  be  flooded  at  wiU. 
To  confine  the  sewage  upon  the  land  no  kind  of  special  pipe  was  required,  but 
■impl;  pieces  of  turf  laid  along  the  divisions  of  the  beds,  as  shown  at  a,  a,  a. 

Sewage-irrigation  works  bave  now  so  lately  increased  in  numbers  and  extent, 
tb>t  it  has  become  necessary  to  produce  appliances  by  means  of  which  the  sewage 
may  be  utilised  in  a  simple  manner,  and  with  the  least  possible  ofienoe  to  the 
neif^boorhood.     Ko  smell  arises  from  fresh  sewage  when  it  is  placed  upon  the  soil, 

but  if  it  be  kept  there,  and  remain  especially  on  the  sides  of  open  distributing 

ditches,  an  oO'easive  putrefaction  will  ensue. 
Hence,  in  some  soils  especially,  it  has  beoome  necessary  to  disoard  simple  earth 

ohsnuels  as  distributers,  and  provide  concrete  stoneware  or  other  conduits  which 
hare  no  irregularities  of  surface,  retain  no  floating  impurities,  are  eaaUy  cleaned 
out,  and  do  not  encourage  Testation  inside  them. 

Figa,  266  and  267  illustrate  ordinary  carrier-pipes  for  sewage,  and  these  are 
made  eithra  with  or  without  sockets,  as  shown.  These  are  the  simplest  forms  which 
sre  made,  and  if  properly  placed  aflbrd  great  advantages  over  the  ordinary  earth 
chamielB,  as  previously  explained. 

An  improvement  upon  the  ordinary  carriers  just  described  is  obtained  by  the 

UK  of  moulded  copings  (Fig.  288),  also  of  glazed  stoneware,  and  these  enlarged  con- 
duits vary  in  dimensions,  so  as  to  be  suitable  for  all  circumstances.  The  flange,  or 

projection,  at  the  top  of  the  coping,  marked  b,  which  surmounts  the  pipe,  a,  is  very 
awful,  inasmuch  as  it  forms  a  clean  and  easily  available  footpath  for  the  attendant. 
Goods  of  this  description  are  not  so  expensive  as  might  be  Uiought,  and  where 
the  irrigation-ground  is  small  and  a  pride  is  taken  in  it^  these  improvements 



mm  really  dmrntile.  Fig.  289  gives  ui  ex&miJe  of  a  fluige,  or  projectioo,  kt  (lie 
top  of  the  copiiig,  where  one  side  is  fixed  lower  than  the  other,  in  order  th»t  ik 
overflow  may  pan  from  the  low«r  side  only ;  and  pipm  of  this  description  would  be 

F:g.  ISO. 

of  use  in  irrigation-beds,  such  aa  that  given  at  Fig.  285,  by  this  means  obriitm^ 
the  necessity  of  having  to  place  the  lengths  of  confining  turf,  a,  a,  a. 

Another  advantage  of  these  special  gootls  is  shown  at  Fig.  290,  where  it  tHI 
be  seen  that  the  capacity  of  the  sewer  b  increased  by  the  use  o£  an  intennntiiir 
tile,  so  as  to  raise  the  coping.  These  main  carriers  are  made  from  nine  inchif  v 
two  feet  in  width,  and  sometinies  the  tiles  are  supported  and  held  together  t; 
a  concrete  backing. 

It  may  be  useful  here  to  point  out  another  very  avtulable  form  of  seTAgr 
carrier,  which  I  therefore  give  at  Fig.  291.     Carriers  of  this  descriptioQ  are  m 

so  frequently  used  as  the  open  carrier  already  described,  but  they  will  be  icmi 
useful  in  preventing  cattle  from  treading  down  the  sides  of  the  pipes. 

It  will  be  easily  understood  that  special  contrivances  of  some  sort  are  necssarr 
in  irrigation-grounds  for  stopping,  diverting,  and  regulating  the  flow  and  ii-- 
tribntion  of  the  sewage  brought  upon  the  Und.  Of  course,  this  can  all  be  an&n;") 
in  a  rough-and-ready  way  without  having  recourse  to  costly  contrivances  for  iW 
purposes ;  but  there  can  be  no  doubt  that  the  more  effective  method  of  perfcffci:^: 

the  work  is  by  using  stoneware  sluice- valves,  such  as  I  draw  at  Fig.  292.  The  \iirf- 
apparatus  is  here  given  in  separate  portions,  so  as  to  show  its  construction,  c  ̂^ 
the  carrier-pipe,  b  the  valve,  and  a  the  screw  which  works  it.  The  socket  is  sbo** 
at  D,  and  from  this  the  sewage  is  delivered  to  the  other  beds  at  will.  It  is  D'^ 
however,  common  to  make  use  of  sockete  when  small  pipes  only  are  reqnircvl. 
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Rg.  293  Bhows  a  very  simple  and  compar&tiTelj  mexpenstve  contriTauce  for 
Etopping  and  diverting  the  flow  of  the  Bewagenlistributioa ;    and 
the  UBS  of  these  will  be  noticed  farther  on. 

It  may  here  be  mentioned  that  moat  potteries  will  undertake 
the  mannfectnre  of  any  special  goods  which  may  be  considered 

applicable  by  the  managers  or  attendants  of  sewage-farms.  If  the 
main  carriers  are  composed  of  these  Doulton's  specially-made 
pipes  figured  above,  they  will  work  well  at  a  gradient  of  one  in  a 
thousand,  but  if  the  carriers  are  of  earth  or  clay,  not  more  than 
one  in  six  hundred  will  be  found  advisable. 

COUTODR  ByBTEK. 

The  manurial  value  of  sewage,  when  judiciously  applied,  is  so 
well  known  that  many  systems  have  been  devised  to  property  prepare  land,  so  as 
to  realise  to  the  greatest  extent  its  value.  At  the  same  time,  the  arrangement 
of  the  land  must  be  auch  as  to  permit  of  the  abstraction  from  the  sewage  of  those 
compounds  which  are  most  valuable  to  the  growth  of  plants,  due  attention  being 
of  course  paid  to  the  purity  of  the  effluent. 

I  have  given  a  short  example  of  an  irrigation-plot  where  the  flat  siu^ace 
treatment  has  been  resorted  to,  but  there  are  several  others  tliat  I  might  as  well 
now  explain. 

Fig.  294  gives  an  imaginary  sketch  of  what  is  called  the  catchwater,  or  contour 
Rystem.     By  this  is  meant  the  arrangement  of  the  land  into  different  levels,  so 

that  each  level  shall  be  able  to 

      retain  the  sewage  separately  until 

!  r  !  !    !   I  !  it  b  sufficiently  drenched.     Some- 
times it  will  happen  that  the 

sewage  will  be  brought  upon  land 
by  simple  gravitation  in  such  a 
manner,  that  the  sewage  passing 
into  the  carrier  A  will  readily 

be  applied  upon  the  three  dif- 
ferent levels  of  plateaux  by  way 

of  the  carriers  bb,  command 
being  had  over  the  whole,  as 
the  attendant  may  think  fit^  by 

Itg.  iH.  means  of  the  stops  marked  a  a 
At  other  times  the  house  or  farm 

lay  be  below  the  level  of  the  land  which  it  is  found  deairable  to  irrigate,  in 
bich  case  recourse  must  be  had  to  pumping  up  the  sewage  into  tanks  at  the  top 
f  the  slope. 

This  is  a  very  umple  form  of  irrigation  when  once  the  beds  have  been  properly 
:«pared,  and  it  is  perhaps  the  easiest  to  keep  in  proper  maintenance.      It    is 
Ivisable,  however,  not  to  make  the  beds  too  large,  and  to  make  them  as  fiat 
.  possible.     For  instance,  the  distance  from  k  to  f  would  be  from  50  to  80  yarda 

SometinieB,  in  order  to  be  able  to  collect  the  deposits  and  silt  which  accrue  from 
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the  iiewage,  it  »  deiiimble  to  provide  small  pits  in  the  line  of  the  open  main  curien 
at  intenrals  of  about  100  yarda,  and  some  attention  to  this  proyision  will  be  found 
usefal  The  main  thing,  however,  to  bear  in  mind  ia  that  the  greatest  enor  which 

can  poasibly  be  made  is  in  over-dosing  the  land,  and  drenching  it  with  sewage. 
HenoSi  separate  beds  are  prepared  and  treated  in  rotation.  The  gnas,  for 

fastanftf,  which  grows  npon  land  over«aturated  with  sewage  becomes  in  time  d  the 
very  rankest  kind,  which  no  animal  will  consume,  and  in  time  foetid  and  dsnk 
growths  unknown  to  the  neighbouriiood  will  prevail 

OeiSa-BBD  TBBATXKNT. 

I  have  already  given  an  example  in  the  previous  chapter  of  a  simple  oner-bed ; 
but  I  will  give  now  a  somewhat  more  extended  instance.     This  is  also  on  the  flat- 

bed ayfltem,  and  without  under-draining.  Fig.  295  exhibits  a  rather  lai^  osier- 
ground  fed  with  sewage,  the  settling-tanks  being  shown  at  a  b,  and  the  main  earners 
by  the  dotted  thick  black  lines,  c  d  and  E.  The  drainage  from  the  flat  osier-beds  is 
by  way  of  the  ditches,  p  a  h,  into  the  brook  marked  i ;  and  these  ditchesare  ooiae- 

i 
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quently  kept  well  deepened  and  cleaned  out.     As  will  be  seen,  the  five  plots  are 

treated  upon  the  flat-bed  system  previously  described. 

The  osierB  to  be  planted  in  the  osier-bed  must  be  of  the  kind  suitable  to  the  par- 
ticular  soil,  and  it  is  not  an  unwise  thing  to  consult  some  neighbouring  nurseryman 

before  deciding  upon  the  exact  species,  or  the  alternating  species  of  similar  plants 
which  are  to  be  employed. 

Osiers,  or  similar  plants,  calculated  for  speedily  licking  up  the  sewage,  and  con- 

verting the  plants  into  saleable  '<  wands,"  should  always  be  planted  sufficiently 
apart — say  at  distances  of  three  feet — so  as  to  allow  the  beds  to  be  regularly  cleaned 
out  when  necessary  by  horse  machinery.  Osiers,  as  a  rule,  grow  all  through  the  summer 
and  winter,  and  are  best  cut  down  in  the  early  spring,  when  the  sap  is  beginning  to 

rise.  When  they  are  reaped,  or  soon  after,  it  becomes  necessary  to  pass  the  horse- 
hoes  over  the  beds,  so  as  to  make  a  thoroughly  clean  site,  free  from  weeds  and  grass 

which  would  otherwise  grow  up  and  keep  the  osier-shoots  from  the  sun.  The 
spaces  between  the  plants  should  be  hand-hoed. 

One  of  the  best  and  most  profitable  methods  of  disposing  of  the  sewage  of  a 
village  or  mansion  is  by  utilising  a  portion  of  ground  for  the  growth  of  osiers.  As 
a  rule,  the  point  of  outfall  being  at  the  lowest  level  of  the  district,  is  usually  of  a 
swampy  nature,  peculiarly  suitable  for  this  class  of  cultivation.  When  laying  out 

land  for  this  purpose,  under-draining  is  found  not  to  be  very  practicable,  as  I  have 

before  mentioned,  the  i-eason  being  that  the  roots  of  the  osiers  extend  in  long  fine 
filaments  over  considerable  distances,  and  ultimately  reach  the  under-drain.  When 

a  strip  of  osier-root  reaches  these  imder-drains,  it  soon  passes  into  the  inside,  and 
speedily  grows  into  a  matty-like  material,  which  eventually  closes  up  the  pipes. 
Instances  are  not  uncommon  where  this  rooty  material  has  been  taken  out 

measuring  from  twenty  to  thirty  feet  long.  In  laying  out  an  osier-bed,  it  is  always 
preferable  to  dispose  of  the  land  in  flat  beds,  surrounded  by  deep  ditches,  making, 
if  needs  be,  each  plot  into  an  island.  All  round  the  bed  a  ridge  about  nine  inches 
high  is  formed  to  confine  the  sewage  until  enough  has  been  absorbed  by  the  earth. 
The  leads  taken  from  the  main  carriers  to  evenly  flood  the  beds  are  shown  by  the 
thin  dotted  lines. 

^  PANE  AND  GUTTER  SYSTEM. 

This  is  another  method  of  treating  sewage.  Supposing,  for  instance,  a  piece  of 
grcmnd,  tolerably  flat,  is  to  be  laid  out  to  intercept  and  purify  the  sewage  of  a 
large  mansion  and  offices,  the  procedure  might  be  as  under  : — 

The  coarse  stubble  or  surface  would  be  pared  off  to  the  full  depth  of  the  roots, 
by  means  of  proper  paring-tackle,  and  then  burnt  in  stacks,  so  as  to  be  spread  over 
the  Bai£ace  when  the  beds  were  formed.  All  the  surfaces  too  high  to  bring  the  land 
to  proper  levels  for  the  distribution  of  the  sewage  would  be  then  ploughed  off.  The 
land  would  then  best  be  profitably  cultivated  with  steam-cultivating  tackle  to  a 
depth  of  fifteen  inches,  twice  over,  the  second  time  as  nearly  as  possible  at  right 
angles  to  the  first  time;  and  the  surface  would  be  worked  down  afterwards  by 
double  harrowing.  After  this  was  done,  the  surface  would  be  ploughed  up  in  ridges 
or  furrows,  in  directions  and  levels  to  facilitate  the  flow  of  sewage  to  every  part. 
The  beds  would  be  about  40  ft.  wide,  each  with  feeders  along  the  ridges  and 
collectors  along  the  furrows,  delivering  into  the  main  catchwater-drains,  directly 



over  the  9-in.  mkia  nnder-dnuns,  which  h&d  prevional;  been  hud,  togetJier  wHh  G-m. 
ftod  2J-in.  bn&ch  andergronnd  drum  laid  to  Avulable  £a1bk  Fig.  396  gives  an  illiu- 
b«tioa  of  a  bed  laid  ont  oa  this  pane  and  gutter,  or  ridge  and  furrow,  tjatem. 

\         ..^ 

Hie  main  carriers  are  shown  by  the  thick  black  lines,  the  feeders  by  the  tiiin  bbct 
lines,  which  are  forty  feet  apart ;  and  the  underground  drains  are  shown  by  the  Gw 
dotted  lines,  these  being  collected  into  the  dark  dotted  line,  which  eventually  deliven 
into  the  brook.  This  example  will  also  show  how  necessary  it  sometimes  is  to 

,~  divert  a  brook  (see  the  cross-hatched  lines),  so  as  to  u- 
quire  atndght  lines,  or  a  speedier  delivery  of  the  rn""'"? 
water.  The  slopes  from  ttie  feeders  b,  to  the  catchwater- 
drain  c  (see  section),  should  not  be  more  than  one  in  fortj. 
The  catchwater-drains  are  generally  twelve  inches  wide  u>d 
six  inches  deep,  such  as  would  be  made  t^  a  plough.  Tbf 
main  drains  (see  section)  at  b  are  genertdly  six  inches  to 
nine  inches  deep,  and  correspondingly  narrow. 

In  this  example  the  underground  drains  are  fcHmed  of 
Fig.  js7.  2^in.  agricultural  pipes,  laid  in  the  trench  and  on  the  t^: 

ashes,  pit-bind,  or   thorns  are   placed  above  the  pipes,  ̂  
shown  in  Fig.  297,  so  as  to  provide  a  poroos  material  next  to  the  pipes.     Thc^ 
uudergTOund  drains  were  laid  about  fifteen  feet  apart. 

i 

i    . 
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COMBINED  TREATMENT. 

Sometimes  a  piece  of  land  in  the  neighbourhood  of  a  maiiaion  or  large 
establishment  is  not  very  well  adapted  for  irrigating-purposes,  since  it  may  happen 
that  the  land  upon  which  the  sewage  is  required  is  partly  below  and  partly  situated 
above  the  house,  rendering  necessary  the  pumping-up  of  the  sewage  to  the  higher 
ploi& 

Fig.  298  exhibits  a  piece  of  ground  requiring  a  complex  treatment,  or  which  may 
require  such  treatment)  according  to  the  wishes  of  the  owner.     Supposing  the  house 

1^.298. 

were  situated  at  A,  and  the  subsiding-tank  at  b,  the  whole  of  the  sewage  being 
strained  there,  it  will  easily  be  seen  that  this  sewage  must  be  pumped  up  into  the . 
gardens  and  pasture-land  shown  at  c,  which  in  this  case  was  some  twenty  feet  above 
the  house-level,  and  forty  feet  above  the  level  of  the  subsiding-tank  at  B. 

When  the  pumping-up  of  sewage  becomes  a  requirement,  it  can  be  carried 
out  in  several  ways.  In  this  case  the  sewage,  after  being  strained  at  the  subsidence- 
tank  B,  is  conveyed  to  a  set  of  plunger-pumps  worked  by  a  water-wheel  there, 
supplied  from  various  springs,  e,  f,  and  o,  at  a  higher  level.  The  level  of  this  wheel 
is  forty  feet  below  the  subsidence-tank.  Before  it  was  considered  necessary 
to  irrigate  the  plots,  o^  on  the  highest  levels  these  wheel-pumps  were  quite  able 
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to  perf ona  the  pumping-up  to  the  ground-level  h.  This  land  being  o€  a  greeDsaod 
character,  no  under-draining  wns  neoessaiy,  the  ground  taking  readily  up  the  whole 
of  the  lewage.  The  difficulty  was,  indeed^  to  lead  the  sewage  over  the  liod; 

and  Doulton's  carriera  became  a  necessity,  to  be  used  at  very  irequent  interfafe 
as  subsidiary  carriers  in  addition  to  their  use  as  main  carriers. 

When  it  became  desirable  to  treat  the  upper  portions  of  the  land  situated  at 
o,  which  are  chiefly  maricet^gardens  and  pasture-land,  it  was  found  nsoamrj 
to  8|)ecify  for  the  erection  of  additional  pumps,  say,  for  instance,  doubleacting 

horisontal  pumps,  wcrked  by  a  gas  engine  placed  at  J.  The  delivery-pipeB,  of  tiiree- 
inch  cast-iron,  are  carried  along  the  single  thick  dotted  line  to  points  of  oatpat 
marked  1,  2, 3,  4,  and  5,  which  are  respectiTely  in  such  situations  as  to  command  tlie 

Fig.  2». 

surrounding  land.  Valves  are  fixed  at  each  of  these  points,  which  can  be  so 
adjusted  as  to  ragulate  the  volume  of  sewage  to  be  discharged.  The  delivery  from 

these  valves  is  directly  into  the  Doulton's  carriers  previously  referred  to,  anJ 
shown  by  the  double  dotted  lines.  Tliese  carriers  are  permanent  in  character, 
and  the  roads  are  made  alongside  them.  The  plan  does  not  indicate  the  subsidiaij 

carriers,  because  these  have  to  be  formed  according  to  the  requirements  and  ca*> 
cnmstances  of  each  crop. 

It  is  not  always  convenient  or  desirable  to  apply  sewage  to  laud  under  a  crop; 
and  as,  moreover,  any  machinery  will  occasionally  get  out  of  order,  it  is  advisable, 
whenever  it  can  be  conveniently  done,  to  prepare  a  portion  of  the  land  to  act 
as  an  intermittent  irrigation-bed.  Such  a  bed  is  shown  at  x,  Fig.  298,  and  it  mar 

take  the  form  of  an  osier-bed,  or  plots  for  the  growth  of  mangel,  turnips,  cow- 
cabbages,  or  other  grossly-feeding  plants.  These  beds  would  at  all  times  be 
available  as  a  safety-valve  for  the  escape  of  the  sewage.  And  were  the  housp 
at  A  of  a  smaller  description   without  upland  property,  the  irrigation-bed  at  x 
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would  be  qnite  sufficient^  no  pumps  being  required,  since  ttie  sevage  would  flov 
there  by  gravitation. 

In  this  case  the  piece  of  ground  at  x  alopea  tapidly  down  a  dell ;  and  this  bong 
so,  the  underground  drains  are  token  straight  up  the  slope  at  the  nana]  depth,  as  in 
the  case  of  railwaj-cnttuigs.  This  is  not  the  usual  way  <A  proTiding  an  intermittent 
bed,  but  here^  owing  to  the  conformatioii  of  the  ground,  little  else  was  possibia 

Another  example  of  a  combined  treatment  is  shown  at  Fig.  299.     In  this  case 
the  whole  of  the  land  is  almost  flat,  tiiere  being  scarcely  three  inches  difference 
in  level  at  any  part  of  the  plot     In  consequence  of  this,  the  tanks  ore  embanked 
to  a  height  of  about  twenty-one  Inches,  so  as  to  obtain  a  ̂ 1  over  the  beds.     The 
sever  to  the  tank  is  carried  in  an  embankment  after  the  fashion  shown  at  Fig.  300, 
where  the  sewer-pipe  is  shown  snpported 
upon  a  4|-inoh  wall,  built  upon  two  set- 
oCbof  brick  in  mortar.    The  thin  wall  is 

usually  built  dry,  bo  as  to  compensate  a  little 
lor  settlement.     TTpon  the  plan  (Fig.  229), 
the  tanks  are  shown  at  a,  and  the  main 
CBrriers  by  liie  strong  black  line  marked  b  & 
These  are  laid  to   a  gradient  of  one  in  ng,  na 
1  thousand.      They    run  from   the    main 
carrier,  c  0,  dying  away  from  18  inches  in  depth  to  nothing  at  all,  sodded 
up  at  each  side.  The  feedea«  from  the  main  carriers,  which  are  marked 

c  and  B,  are  shown  by  the  double  lines,  each  marked  D,  the  main  underground 
dmin  which  drains  the  bed  is  indicated  by  the  double  dotted  line  e,  and  the 
ordinal;  underground  drains  by  the  single  dotted  lines.  It  will  be  observed  that 
this  is  another  example  of  the  flat-bed  ̂ stem  in  plots. 

There  are  several  peculiarities  about  this  example  which  are  worth  notice,  and 
one  is  the  intermittent  character  of  the  manipulation.  It  will  be  seen  also  that  the 
beds  are  divided  into  three  grand  plots,  the  one  marked  Na  3  taking  the  form  of  a 
^uare  nearest  the  outfall  of  the  effluent  water. 

This  Na  3  bed  is  provided  as  an  intermittent  filtration-bed.       For  instance, 
when  the  plots  1  and  2  are  in  cultivation — that  is  to  nay,  with  a  growing  crop  upon 
them — it  is  found  undesirable  to  supply  these  beds  with  a  further  supply  of  sewage. 
Hence,  the  laying-out  of  bed  No.  3  aa  an  intermittent  one,     Thia  intermittent  bed, 

then,  really  becomes  a  filter  for  the 
sewage,  but  it  would  be  subdivided 
in  such  a  way  that  some  portion  of 
it  should  be  under  crop  at  all  times. 

One   interestiag  feature  in  this 
case  lay  in  the  fact  that  the  ground 

ne  801  ^*^  ̂ °^  only  very   level,  but  that 
it  was  flanked  by  a  stream  which 

ve^  frequently  rose  to  a  flood-line,  and    would  have  overflowed  the  site  of  tJie 
mfadow   on  which    the    irrigation-beds   were   eventually  placed.       This  necesfd- 
t*t«d  the  formation  of  an  embankment  around  the  whole  parallelogram,  which  was 
UKordingly  built  in  the  fashion  shown  at  Fig.  301,  the  embankment  being  made  of 
■Kxls  and  earth  lud  closely  tt^ther,  and  somewhat  keyed  into  the  soil,  as  shown. 
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The  result  of  diis  precMition  wag,  Hut  when  the  water  was  np  to  the  line  a, 
which  lihows  the  ext«nt  of  an  ordiuarjr  flood,  the  interior  or  the  iirigatiui-beiis, 
B^  were  kept  nonualljr  dry  and  in  working  order.  When  the  flood  lasted,  howerer, 
for  several  days,  it  can  easilj  be  understood  that  the  influx  of  sevt^  vodd 

very  soon  change  the  arrangements  inside  the  bed  after  the  flood-Tatve  «1  the 
bottom  of  the  bed,  was  closed,  inasmuch  as  the  bed  would  be  charged  vitb 
simple  sewage ;  and  that  should  the  flood  last  a  considerable  time,  the  aewage  would 
fill  up  almost  to  the  level  of  the  flood.  In  cases  of  this  kind  a  common  ptictife  is 
to  turn  the  whole  of  the  sewage  into  the  flood-water,  or  a  portion  of  it,  and  b;  this 
meuis  keep  the  action  of  the  irrigation  »re«  intact ;  bat  the  reaort  to  this  must  be 
left  to  the  wisdom  of  a  skilled  attendant. 

,  It  is  a  curious  fact,  but  nevertheless  true,  that  when  even  a  modentdj  poroos 
ground  hu  been  under-drained  for  several  yeurs,  defined  conisea  seem  to  have  ftmned 
themselves  in  direct  connection  between  the  surface  of  the  irrigated  field  and 
the  underground  dr«ins,  so  much  bo  that  it  is  found  almost  impossible  to  regulate 
the  flow  of  the  sewage  over  the  whole  area  which  has  been  taken  in  hand.  In 
order  to  overcome  this  difficulty,  and  bring  the  sewage  to  the  roota  of  the  crop, 
it  is  sometimes  found  necessary  by  the  attendant  to  insert  stops  at  the  foot  of 

tlie  main  under-drain  at  sundry  times,  so  as  to  retain  the  sewage  until  it  has 
reached  the  surface  of  the  irrigated  area.  IDus  remark  would  apply  to  placed 
where  there  was  a  paucity  of  sewageKlelivery. 

I 
SBWAQI  OROPPtRO. 

This  can  hardly  be  called  a  separate  system,  because  it  simply  means  therougk- 
and-ready,  but  nevertheless  efiective,  method  of  raising  crops  upon  irrigated  lanii    | 
Nor  will  it  be  necessary  for  me  to  explain  at  any  lengtli  the  many  anrangemoits 
which  are  resorted  to  in  order  to  benefit  the  crops  which  are  grown  upon  Und 
treated   by   sewage.     If  a   graduated    scale  were  given  &vm    the   most  oidiiurjr    j 
produce  of  a  sewage-farm  down  to  the  requirements  of  a  kitchen-garden,  it  might 

be  said  to  take  the  fd- 
lowing   lines  : —  Osiers, 
black    oats,   rye    gras, 

mangels,  cabbages,  aid 

ordinary   gard^i   stuff. 
leading  up  lastly  to  tiie 
luscious  strawberry. 

Supposing   that  the Tif.  sot  land  were  to  be  laid  out  : 

for  the  production  of,  for 
instanoe,  crops  of  mangels,  the  beds  would  be  ploughed  into  smnething  after  the  fashios 
shown  at  Fig.  302,  the  distance  between  the  bed-centres  A  b  being  about  two  f«el, 
and  the  depth  of  the  furrow  C  to  D,  down  which  the  sewage  is  led,  about  nine 
inches.     The  inigated  area  would  be,  of  course^  under-drained,  say,  at  depths  of 
five  feet,  and  at  distances  apart  of  from  five  to  twenty  yards,  depending  entirely 
upon  the  nature  of  the  soil.     A  crop  of  the  kind  of  pabulum  best  suited  for  cattle, 
perh^ts,  after  all,  pays  the  beat; 
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In  the  coltivation  of  radishes,  leeks,  or  even  strawberries,  the  method  of  laying 
out  the  bed  is  iK>t  dissimilar.  Beds  are  formed  usaallj  about  three  feet  by  four 
feet  in  extent,  and  the  furrows  are  fed  with  sewage,  after  the  style  shown  at 
Fig.  303,  the  irrigating-medium,  which  in  these  cases  has  no  communication  with 
the  surface  or  the  upper  portion  of  the  plant^  giving  each  plot  a  resemblance  to  an 
island.  The  underground  drain  is  usually  about  three  or  four  feet  below.  The 
irrigated  beds  may  be  any  size  compatible  with  the  special  requirements,  viz.,  from 
three  feet  and  so  on  in  ■    ,  ■ 

width  to  eight  or  ten  " 
feet  long. 

EXAMPLES  OP   IRRI- 

GATION. 
*m 

' 

Tig.  808. 

I  will  now  proceed  |    | 
to  furnish  some  interest- 

ing examples  of  the 
various  methods  of  dealing  with  sewage  on  the  land,  and  I  am  better  enabled  to  do 
this  by  the  kindness  of  Mr.  Eogers  Field,  M.I.O.E.,  B.A.,  the  inventor  of  the 

well-known  flush-tank.  The  following  examples  of  irrigation  were  conceived  and 
carried  out  by  him. 

Fig.  304  shows  a  plan  to  a  scale  of  200  feet  to  an  inch  of  the  Charterhouse 
School,  Godalming,  from  which  will  be  seen  the  general  disposition  of  the  large 
range  of  buildings  occupied  by  that  school.  This  building  was  designed  by  an 
eminent  architect^  and  is  situated  in  a  position  which  would  perhaps  be  difficult  to 
equal  for  beauty  in  any  part  of  England.  The  example  is  here  given  as  being  one  of 
singular  interest,  and  showing  what  may  be  done  in  matters  of  sewerage.  In  the 
present  paper,  however,  I  have  to  deal  merely  with  the  drainage-arrangements,  and 
not  with  the  sanitation  of  the  building  generally.  The  building  appears  to  have 

been  favourably  situated  for  the  carrying-out  of  a  proper  system  of  sewage- 
disposal,  but  we  find  that  this  was  not  accomplished  in  the  first  instance — viz., 
when  the  buildings  were  erected.  The  system  of  sewage-disposal  originally 
resorted  to  was  that  of  absorbing  cesspools  excavated  where  convenient^  and 
fourteen  such  cesspools  were,  or  had  been,  in  use  up  to  the  time  when  it  was 
considered  necessary  to  depart  from  such  system.  Hie  plan  in  Fig.  304  shows 

the  system  of  sewage-disposal  designed  and  carried  out  to  supersede  the  former 
dangerous  method.  The  strong  dotted  lines  upon  the  plan  indicate  the  course 
of  the  new  drains,  which  it  will  be  observed  are  laid  out  in  straight  lines 

from  point  to  point,  with  manholes  and  inspection-chambers  at  all  junctions,  and 
bends  for  access  to  the  drains  for  examining  them.  The  manholes  are  covered  by 

iron  doors,  and  the  inspection-chambers  have  stone  covers,  which  can  be  taken  up  by 
removing  the  ground  above  them.  The  drains  have  in  every  case  a  good  fall,  so  as 

to  be  self-deansing ;  but  as  an  additional  security  special  means  of  flushing  were  pro- 
vided by  utilising  the  flush  from  baths  and  laundry  tanka  Tlie  drains  are  ventilated 

by  gratings  and  openings. 
The  drains  were  laid  with  glazed  earthenware  pipes,  and  special  attention  was 

given  to  the  jointing  and  to  the  gradients  being  in  every  case  true  to  line.     The 
48 
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TeutUation-syBtem  was  fully  secured,  and  separate  means  were  taken  for  the  disposal 
of  the  surface  and  roof  water  by  special  conduits  for  that  purposa  When  the  new 

system  of  drainage-works  had  been  carried  out,  the  disused  cesspools  were  in  every 
case  carefully  cleaned  out  and  filled  up  with  dean  earth.  It  will  not  be  necessary, 

while  describing  these  works,  to  stop  to  dwell  upon  the  details  of  all  the  arrange- 
ments provided  for  the  disconnection  and  ventilation  outside  the  walls  of  these 

buildings.  Great  care  was  taken ,  to  test  all  the  new  drains  by  filling  them  with 
water,  so  as  to  ensure  that  tliey  were  quite  tight,  and  thus  to  avoid  any  chance  of 

contaminating  the  water-supply,  which  is  drawn  from  a  deep  well  under  the  laundry. 
The  rain-water  drains  are  left  undisturbed.  One  cesspool  was  converted  into  a  tank 
for  rain-water  only,  and  the  rain-water  is  kept  entirely  distinct  from  sewage-drains. 
In  the  main  building  dry  earth-closets  have  been  generally  adopted,  but  there  are 
also  a  considerable  number  of  water-closets  in  use.  This  water-closet  sewage  and 
all  the  waste  and  slop  water  are  conducted  by  suitable  main  drains  laid  to  a  proper 
fall  and  in  the  position  shown  upon  the  diagram,  until  they  arrive  at  the  point 
marked  a,  and  there  used  for  irrigation  upon  the  land  bordering  the  approach  lead- 

ing to  the  south-west  of  the  building.  At  the  point  of  the  outfall  is  a  small  strain- 
ing-chamber, which  intercepts  the  solid  and  suspended  matter,  and  which,  if  cleaned 

out  every  day,  will  prevent  the  formation  of  sludge.  The  amount  of  matter  as 
intercepted  daily  is  so  trifling  that  it  can  readily  be  mixed  with  dry  earth  or  ashes, 
and  so  dealt  with  without  creating  any  nuisanca 

From  the  straining-chamber  the  sewage  flows  into  a  brick  tank,  called 
a  sewage-regulator,  so  contrived  that  no  discharge  takes  place  until  it  is  full ; 
vhen  a  syphon  automatically  discharges  the  contents  (about  3,200  galls.)  upon 
the  land  in  one  continuous  stream.  The  advantage  of  this  arrangement  is  that  a 
known  quantity  of  sewage  is  applied  automatically  to  any  desired  portion  of  land, 
and  that^  by  the  intermittent  action  of  the  discharge,  the  sewage  is  more  completely 
absorbed  by  the  soil  and  herbage.  The  tank  is  arranged  so  as  to  avoid  deposit,  but 
a  small  quantity  of  slime  will  necessarily  collect  in  the  bottom.  In  order  to  remove 

this^a  wooden  waste-plug  is  lifted  up  when  the  tank  is  nearly  empty,  and  all  the  slime 
swept  out  through  the  hole.  The  tank  is  then  allowed  to  fill  again,  when  the  plug  is 
once  more  lifted,  and  the  slime  carried  forward  on  to  the  land.  From  the  tank  the 

sewage  is  conducted  down  the  land  to  the  irrigation-ground  in  pipe  carriers,  with 
outlet  for  distribution  at  intervals.  There  are  two  penstocks  in  the  straining- 
chamber,  by  means  of  which  the  sewage  can,  if  necessary,  be  diverted  so  as  not  to 
flow  into  the  tank,  but  into  the  by-wash  drains,  and  thence  direct  on  to  the  land. 

Carriers  are  formed  across  the  ground  nearly  level  amd  on  contour-lines,  so  that 
the  sewage  can  be  made  to  flow  over  the  carriers  and  distributed  equally  over  the 
surface  by  means  of  stops  placed  at  any  desired  point  in  their  course.  These 
carriers  were  constructed  in  th^  simplest  manner,  by  cutting  a  chase  along  the 

contour-lines  and  forming  a  lip  with  turfed  sods,  so  as  to  maintain  their  form  and 
direction  in  the  earlier  stages  of  irrigation. 

It  may  be  interesting  here  to  describe  somewhat  in  detail  the  manner  of  forming 
these  carriers,  which  are  similar  to  those  used  at  North  Camp  Farm,  Aldershot^  for 
more  than  twelve  years  past. 

The  accompanying  sketch,  Fig.  305,  shows  a  section  of  the  upper  carriers  where 
the  soil  was  sandy.     It  is  found  quite  sufl&cient  where  the  top  soil  is  loamy,  and 



Om  BOMtB. 

•■pecimllr  wh»re  it  hu  b«Mi  cropped  and  left  a  border  of  stubble,  merely  to  dig  i 
pUin  oontoar  cutier  Mven  inohw  deep,  nine  inches  wide,  and  throw  the  m&terii' 
on  the  lower  tide.     Such  a  curier  maj  be  quite  level,  or  have  an  inclination  not 
exceeding  one  and  a  half  inches  in  t«n  feet ;  but  in  loose  soils  and  in  sand  it  vill 

be  impossible  to  obtMn  a  firm  "  lip  "  to  the  carrier  without  ihe  aid  of  frexh-cnt  turi 
Hiis  torf  should  be  abont  nine  inches  wide  at  the  top,  and  neatly  bid  on  the 

__  excavated  material,    and   care  skoold 
be  taken  to  prevent  leakage  under  tlir 
turf-l&jer,  and  the  back   of  the  curia 
may  require  to  be  held  up  in  plins 
also  by  turf,  but  as  a  general  nile  the 
natural  slope  is  found  suffident    Ko 
turf  requires    to    be    placed   at  tht 
bottom  of  the  carrier,  as  the  aewige  is 

1  found  to  convey  sufficient  dime 
to     render    the    carriers    impariwii 
Even  in  sandy  soils  layera  of  tnif  «ill 
make   carriers  of   any  dimensions,  if 

properly  backed  up  on  each  aide  uuf 
trimmed  down  flush  wiUi  a  spade  (see 

Fig.  306),  and  such  carriers  will  resist 
the  wear  of   flowing  sewage  up  to  i 

Telocity  of  two  feet  per  second.     In  setting  out  a  carrier  it  is  quite  sufficient  lo 
put  in  two  pegs,  say  t«D  feet  apart,  at  the  starting- poiut  of  the  carrier,  and  let  tbr 
top  of  the  second  one  be,  say,  half  an  inch  or  a  quarter  of  an  inch  lower  thu  th« 
first,  and  all  other  points  of  the  carrier  may  be  boned  from  the  first  two  pegs  bf 
cross-sights,  even  when  the  cnrvatnre  is  considerable, 

Wheu  sewage  is  at  firat  admitted  into  the  carrier,  it  should  be  carefully  noliffd 
whetfaer  it  wean  away  the  carrier  at  any  pointy  and  this  should  be  at  once  repaid 
with  turf  or  slate. 

The  sewage  will  not  of  itself  overflow  the  lip  of  the  carrier  so  as  to  irrigaif 

evenly,  and  it  is  therefore  necessary  to  check  the  flow  either  by  hand  "ttopi' 
(usually  of  oak,  as  Fig.  307),  placed  at  intervals  athwart  the  carrier,  or  by  lamps 
of  turf  roughly  laid  in  the  carriers,  so  as  to  back  up  the  stream. 
They  cause  an  overflow,  while  at  the  same  time  allowing  some 
portion  of  the  sewage  to  pass  by  in  the  carrier,  so  ad  to  be 
thrown  out  by  the  next  stop,  and  so  on,  until  the  carrier  is  filled. 

The  size  and  distance  apart  of  "  stops  "  must  of  course  be  regu- 
lated by  the  special  circumstances  of  each  case. 

Fig.  306  is  a  plan  showing  the  disposition  of  the  buildings 
in  the  Sanitorium,  the  sewage  of  which  has  been  dealt  with 

by  sub-irrigation.  Here  a  is  the  Sanitorium,  b  is  the  gai^ 

dener's  cottage,  and  c  and  d  are  the  plots  of  garden-ground  subjected  to  cub- 
irrigation.  The  gardener's  cottage  at  b  had  the  small  plot  of  land,  d,  for  its  cm 
use,  and  the  slops  from  the  Sanitorium  were  separately  dealt  with  as  shown.  In 
this  particular  instance,  the  earth-closets  were  used  for  the  excremental  deposit. 
liere  being  adequate  labour  to  give  the  proper  attention  necessoiy  for  this  sysleio. 

STOP 

tif-an. 
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A  self-acting  flush-tank,  similar  in  principle  to  the  sj^hon-taok,  described 
when  dealing  with  the  nuun  building  delivers  bath-water,  waste-water,  and  slop 
water  oq  the  garden-land,  as  shown  upon  the  diagram  at  o  and  d,  so  as  to 
charge  the  sub-irrigation  pipes.  These  pipes  are  the  size  of  common  agricultural 
drain-pipes,  and  are  laid  about  12  inches  below  the  surface,  on  a  permanent  bed ; 
the  sewage  flows  out  of  the  joints  into  the  soD  and  floods  the  vegetation.     The 
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auUirrigation  pipes  in  time  require  cleansing ;  and  the  wa;  of  doing  this 
is  to  open  down  to  the  pipes  in  several  places,  and  carefully  remove  a 
wuple  of  them  at  each  place,  without  disturbing  the  pennanent  bed,  and  peas  a 
cane  or  rod  through  the  intervening  lengths — thus  thoroughly  cleaning  them — then 
replacing  the  pipes  in  their  original  position  on  their  permanent  bed.  If  any 
lengths  of  pipes  are  lifted  out  of  position,  care  should  be  taken  in  re-laying  them 
that  they  are  made  to  break  joint  alternately  on  the  permanent  bed.  The  subsoil- 
drains  were  composed  of  2  and  3  inch  agricultural  drain-pipes,  laid  upon  permanent 
lieds  of  half-round  drain-tiles,  laid  to  the  proper  falla 

Fig.  309  shows  a  qrstem  of  drainage  and  sewage-disposal  carried  out  at  a  large 
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mansioii  near  Nuneaton,  and  presents  a  most  interesting  case  of  sewage-works  where 
the  available  irrigation-groond  was  situated  at  some  considerable  distance  from  the 
mansion,  a  river  and  watercourse  intervening.  The  diagram  here  given  shows  a 
plan  and  section  of  the  works  as  carried  out.  The  mansion  is  shown  at  a,  the 

stables  at  B,  the  farmyard,  laundry,  and  rectory  at  c,  and  the  village  at  d^  The 
strong  dotted  lines  indicate  the  course  of  the  drains  from  the  village  to  the  outfalL 
It  will  be  seen,  on  reference  to  the  diagram,  that  the  river  divides  the  irrigation- 
ground  from  the  buildings  to  be  dealt  with.  The  difficulties  which  arose  in  this 
case  were  the  slight  fall  available  for  the  main  drain  and  the  liability  of  the 
land  near  the  river  to  flood.  It  was  thus  necessary  to  cross  the  river  by  some 
means  in  order  to  reach  suitable  land  for  irrigation-purposes,  and  even  then  it  became 
imperative  to  embank  a  portion.  To  render  this  scheme  feasible,  it  was  also 

neoeasaiy  to  improve  the  existing  deep  land-drain,  which  had  its  outfall  at  the 

mill-tail  some  distance  down  the  river.  A  gain  of  4  ft  6  in.  in  level  was  obtained 
over  what  would  have  been  possible  supposing  the  ground  to  have  been  under- 
drained  direct  into  the  river  at  the  irrigation-plot,  and  the  land  woxdd,  moreover, 
have  been  water-logged  at  flood-times. 

To  render  the  drainage  workable  with  such  a  flat  fall  as  that  from  above  the 

stables — viz.,  1  in  330 — ^was  a  matter  of  some  consideration,  and  special  flushing  was 
arranged  in  the  village  for  cleansing  this  portion.  A  flushing-chamber  was  provided) 
shown  upon  the  diagram,  near  the  comer  of  the  stables,  for  discharging  the  sewage 
suddenly  down  the  lower  portion  of  the  system.  In  order  to  convey  the  sewage 
across  the  river,  it  was  necessary  to  construct  a  syphon.  This  syphon,  as  will  be 
seen  from  the  section  on  the  diagram,  is  of  peculiar  construction,  to  avoid,  in  this 
particular  case,  the  unsightliness  of  an  embankment.  The  syphon  is  composed  of  a 

cast-iron  pipe,  7  inches  in  diameter,  with  proper  inspection-manholes. 
The  irrigation-ground  is  shown  upon  the  diagram  and  the  deep  land-drain 

is  shown  by  a  chain  dot.  The  sewage  arrives  on  to  the  irrigation-ground  through 
the  syphon  by  the  delivery  flush-tank,  a^  before  mentioned,  and  is  taken  along  by 
carriers  in  the  usual  manner.  The  area  of  the  irrigation-ground  is  one  acre, 
and  serves  for  the  population  of  about  100  persons.  The  subsoil  is  irregular,  and 
consists  of  gravel  and  sand,  with  clay  underlying,  the  depth  of  gravel  and  sand 
vaiying  from  2  feet  6  inches  to  5  feet  The  irrigation-ground  is  under-drained 
in  the  usual  manner  to  a  depth  of  4  feet  to  4  feet  6  inches.  The  deep  drain  is  tilled 
in  with  puddled  clay,  so  as  to  make  the  sewage  enter  from  the  side  and  not  percolate 
directly  downwards.  The  total  length  of  the  syphon  is  680  feet,  and  it  was  carefully 
calculated  so  as  to  take  the  full  flow  of  sewage.  Experiments  made  after  the  works 
had  been  completed  showed  how  carefully  this  had  been  efleoted. 

The  methods  of  sewage-disposal  previously  described  have  been  by  gravitation 
to  the  outfall,  and  thence  flowing  on  to  the  irrigation-ground.  There  are,  however, 
cases  where  the  disposal  of  sewage  by  gravitation  is  impossible,  on  account  of  the 
configuration  of  the  ground  surrounding  the  house ;  and  as  the  following  example 
of  the  drainage  of  a  country  house  at  Iver,  Buckinghamshire,  is  of  peculiar  interest 
as  showing  what  may  be  done  in  such  cases,  I  propose  te  describe  it  at  some  length. 
The  house  is  situated  between  two  roads,  and  the  only  land  available  for  sewage- 
disposal  was  situated  above  the  level  of  the  housa 

The  original  sewerage-arrangements  of  this  house  were  in  accordance  with  the 
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asiud  method  pertaining  to  gentlemen's  oountry  houses  a  few  yean  sinoe,  vbere  the 
sewage  from  tiie  house  was  deUvered  into  *  oesspod,  which  cesspool  was  unTSHtr 

lated,  and  had  an  oyerflow  into  an  adjoining  ditch  or  brook.  The  diagram,  Fig.  3d0i 

shows  the  house  and  the  surrounding  property  attadied,  where  a  is  the  mansion,  and 

B  the  stables.  The  position  of  the  cesspool  which  took  the  sewerage  is  shown  at  the 

point  mariced  o,  and  was  so  situated  that  the  whole  drainage  gravitated  into  it^  this 

portion  of  the  property  being  the  lowest  in  regard  to  level 

It  became  necessary^  when  the  house  was  enlargedi  to  consider  in  what  maimer 

*  complete  scheme  for  water-supply  and  sewerage  could  be  best  carried  out  Mr. 

Bogers  Field  was  intrusted  with  the  matter,  and  the  works  to  be  described  vere 
designed  and  carried  out  by  him. 

The  first  question  which  naturally  presented  itself  in  considering  such  a  echeine 

was  that  of  outfall  for  the  sewers,  and  tlus  point  had  of  course  to  b&  taken  in  relar 

tion  to  the  very  important  one  of  disposal  The  lowest  point  of  the  property  where 

the  sewers  could  naturally  gravitate  was  first  considered ;  but  it  so  happened  in  this 

case  that  the  ground  around  this  lowest  point  was  of  such  small  extent^  that  it  was 

quite  insufficient  for  any  satis&ctory  method  of  sewage-disposal 

The  sewage  might  have  been  received  into  a  cesspool  at  this  point,  but  a  little 
consideration  showed  that  this  was  quite  inadmissible.  The  ground  was  impervious, 

so  that  the  liquid  would  not  soak  away,  even  if  this  had  been  considered  desirable^ 

which,  from  a  sanitary  point  of  view,  of  course  it  was  not^  An  overflow  into  the 
ditch  was  no  longer  tolerable. 

Had  a  watertight  cesspool  been  provided,  it  would  have  been  necessary  to  pomp 
out  the  contents  into  a  cart  at  very  frequent  intervals,  so  that  it  might  be  carried 
away  to  another  part  of  the  property ;  and  this  would  have  been  such  a  troublesome 
and  costly  matter  as  to  be  out  of  the  question.  Lastly,  an  engine  migkt  have  been 
erected  to  pump  the  contents  of  the  cesspool,  and  to  deliver  to  another  part  of  the 

property ;  but  the  situation  was  not  at  all  suitable  for  the  erection  of  an  engine- 
house.  The  only  available  land  for  taking  the  sewage  was  on  the  other  side  of  the 
house,  so  that  all  the  sewage  would  have  to  be  pumped  back  past  the  house. 

It  was,  therefore,  determined  not  to  take  the  sewage  to  the  lowest  part  of  the 
property,  but  pumping  was  necessary  to  convey  it  to  the  most  convenient  point  fcHr 
dealing  with  it 

In  order  to  determine  this  point,  the  first  consideration  was  to  find  a  suitable 
plot  to  form  an  irrigation-ground  on  which  the  sewage  could  be  utilised  and  got  rid 
of  without  any  nuisance  or  damage  to  health  through  the  pollution  of  the  water 

supply.  At  the  very  extreme  comer  of  the  property,  and  at  the  highest  point, 
there  was  a  small  field  of  garden-ground  about  an  acre  and  a  quarter  in  extent 

Examination  proved  that  the  subsoil  of  the  field  was  exceptionally  fiLvoarable 
for  the  purpose  of  irrigation,  the  subsoil  being  a  free  gravel  overlaid  by  sandy  soil} 
and  it  was,  therefore,  decided  to  bring  the  sewage  to  this  plot  of  ground. 

The  scheme  chosen  as  presenting  the  most  favourable  conditions  is  that  shown 
upon  the  diagram,  Fig.  310,  which  may  be  described  as  follows.  The  housedrains, 
shown  by  the  dotted  lines  on  the  sketch,  are  conducted  outside  the  buildings, 
and  carried  in  a  precisely  opposite  direction  to  that  they  previously  took,  to  tiie 

point  marked  e,  where  a  tank  is  constructed  to  receive  Uie  sewage,  and  a  gas- 
engine  is  provided  to  lift  and  deliver  it  along  the  cast-iron  main,  f  f  F. 



A  DIFFICULT  CASE. 
697 

.  The  general  fall  of  the  land,  as  already  stated,  is  towards  o,  so  that  the  drains 
were  taken,  as  it  were,  against  the  fall  of  the  land.  The  portion  of  the  ground 
between  a  and  c  is,  however,  practically  level ;  and  hy  taking  the  drains  in  this 

direction,  the  sewage  is  led  towards  its  ̂ 
final  destination  upon  the  irrigation- 
ground  at  X,  instead  of  away  from  it. 

It  is  not  necessary  to  dwell  upon 

the  arrangements  of  the  house-drainage 
in  detail,  either  as  regaixls  manholes 
for  inspection,  the  ventilating,  or  the 

flushing -arrrangements,  sufBce  it  to 
say  these  are  of  an  excellent  and  com- 

plete character. 
A  most  important  feature  in  a 

scheme  of  this  kind  is  in  the  construc- 

tion of  the  receiving-tank.  This  is 
shown  in  Fig.  311  in  a  plan  and  sec- 

tion to  an  enlarged  scale  of  the  work 

as  carried  out.  The  sewage  is  re- 
ceived into  the  circular  brick  tank  p, 

through  the  disconnecting-manhole  Q. 
The  circular  tank  is  brought  up  and 

finished  with  a  square  shaft  terminat- 
ing in  a  louvred  movable  roof  for 

ventilation.  Beneath  this  roof  is  an 

iron  tray,  sliding  upon  wheels,  and 
having  a  wire  basket  to  receive 
charcoal  over  the  whole  area  of  the 

shaft,  The  disconnecting-manhole  is 
for  the  purpose  of  preventing  any 
fool  air  from  the  tank  passing  into 
the  house-drains,  and  the  charcoal 
tray  is  for  deodorising  the  foul  air 
before  it  escapes  from  the  ventilator. 
As  a  matter  of  fact)  however,  from 

the  peculiar  construction  of  the  tank, 
hardly  any  foul  air  has  been  found 
to  exist 

At  the  point  b  in  the  tank  is 
placed  a  movable  bucket,  into  which 

all  the  drainage  of  the  house  is  dis- 
charged from  the  end  of  the  outfall 

drain.  This  bucket  is  perforated,  and  acts  as  a  strainer  to  keep  back  the  solid 
refuse.  The  bucket  is  of  a  size  that  an  ordinary  man  can  lift,  and  is  provided  with 
a  chain  for  that  purpose^  the  contents  being  removed  as  often  as  found  necessary, 
once  a  day  being  generally  sufiicieni  The  contents  of  the  bucket  are  mixed  with 
earth,  and  used  in  the  gardening  operations. 

Wig.  810. 
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Th«  «fii>ct  of  this  intnoepti.<m  ol  tin  aolida  is  klmost  cntiKlj  to  prerait 
tlie  fonaation  of  sludge  ;  tad  whftt  littie  ■lodge  forau  Kt  tJie  bottom  of  Hw  Unk  ii 

pumped  entirely  out  everj  time  the  tsnk  is  emptied,  in  oonseqnenoe  of  tLe  sKtim- 

Pif.  sii. 

pipe  dipping  into  a  eamp4io)e,  s,  which  is  constracted  below  the  general  level  i^  t^ 
bottom  of  the  tank. 

From  the  tank  the  sewage  is  lifted  by  the  gas«ngine  provided  at  t,  and  is  ioKti 

through  the  iron  main  W  to  the  point  H  {Fig.  310)  on  the  snmmit  of  the  irrigaUai- 
ipiouud.     The  cast-iron  main,  where  it  passes  through  the  garden  d,  Fig.  310,  ii 
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provided  with  stand-pipes,  to  which  a  hose  can  be  attached  for  the  purpose  of 
applying  sewage  to  the  garden. 

The  details  of  the  pumping-machinery  at  v  have  been  carefully  worked  out ;  an 
air-vessel  is  provided  to  render  the  delivery  of  the  sewage  constant,  and  a  valve  is 
fixed  upon  the  main  to  prevent  any  undue  pressure  bursting  it  The  main  can  also 
be  entirely  emptied,  if  necessary,  by  means  of  a  special  valve.  In  order  to  provide 

against  any  break-down  in  the  pumping-machinery,  an  arrangement  of  hand-power 
pumps  is  fixed  at  u. 

The  end  of  the  iron  main  f  f  f  delivers  into  a  small  brick  chamber  at  u,  Fig.  310, 
in  order  to  take  the  wash  of  the  sewage  as  it  is  forced  out  of  the  main.  From  this 
brick  chamber  the  sewage  flows  gently  into  the  carriers,  which  are  constructed  in 
the  simplest  possible  way,  by  means  of  shallow  channels  or  farrows  cut  into  the 
ground,  and  from  these  carriers  the  sewage  flows  over  the  surface  of  the  ground. 

The  irrigation-field  is  under-drained,  as  shown  by  the  fine  dotted  lines  upon  the 
sketch,  Fig.  310.  The  lodge  at  the  entrance  of  the  property  shown  at  y  upon 
Fig.  310  was  too  far  away  to  be  drained  into  the  general  system,  and  this  was 
therefore  dealt  with  in  a  different  way.  The  dry-earth  system  was  used  for  the 
closet,  and  the  slop-water  from  the  sink  discharged  outside  the  house  into  a  flush- 
tank,  which  delivered  into  sub-iiTigation  drains  under  the  garden.  The  bed-room 
slops  had  to  be  emptied  into  the  flush-tank  direct 

An  example  of  sewage-disposal,  and  one  of  some  interest  as  occurring  frequently 
in  px^ctice,  is  shown  on  the  sketch.  Fig.  312,  and  is  here  given  as  illustrating  a 
similar  case  to  the  last  described,  where  the  sewage  is  brought  by  gravitation  to  a 
suitable  spot  and  afterwards  lifted  by  power  to  some  distance  and  height  to  ground 

-which  it  was  considered  desirable  to  irrigate  with  sewage.  The  system  of  drainage, 
as  originally  arranged,  in  this  case  and  around  the  village,  was  exceedingly 
dangerous;  cesspools  and  midden  pits  generally  prevailed,  and,  as  the  water  for 

drinking-purposes  was  obtained  from  shallow  wells  placed  near  the  cesspools,  the 
-wells  became  in  some  instances  polluted. 

The  landowner  was  desirous  of  adopting  some  means  of  altering  the  existing 
state  of  affairs,  and  the  scheme  to  be  described  was  prepared  by  Mr.  Wallace  Feggs, 
Assoc  Mem.  Inst  C.K,  to  meet  the  difficulty. 

The  properties  to  be  dealt  with  were  conveniently  situated  with  regard  to 
drainage,  the  land  falling  generally  towards  the  river,  where  a  suitable  spot  was 

fixed  to  which  the  drains  could  gravitate  near  the  bridge  carrying  the  turnpike-road 
over  the  river.  The  difficulties  of  such  a  small  scheme  as  that  under  consideration 

were  considerable,  for  the  land  available  for  receiving  the  sewage  was  at  some 
distance  away  beyond  the  river,  and  situated  upon  the  slight  escarpment  shown 

upon  the  diagram. 
It  was  not  considered  desirable  to  use  the  land  near  the  river  for  irrigation  on 

account  of  its  proximity  to  the  mansion,  and  the  portion  of  ground  which  could  be 
available  was  liable  to  flooding.  Moreover,  the  ground  was  of  a  heavy  stiff  clay, 

and  not  suitable  for  the  purpose.  The  ground  chosen  for  irrigation-purposes  was  of 
a  very  suitable  kind,  being  a  poor  light  gravelly  subsoil  overlying  the  chalk. 

The  drains  from  the  houses,  as  shown  by  the  dotted  lines  upon  the  diagram, 

were  laid  out  truly  in  ̂ raight  lines  from  point  to  point,  with  inspection-manholes  at 
every  turn,  providing  also  the  necessary  ventilation-openings.      E^ich  length  was 
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provided  with  apodal  fliuhiDg-wnuigenieiitB,  and  the  dnins  were  all  laid  to  >elf- 
cleftnsing  grades. 

All  the  drainage  was  eventually  carried  to  the  point  marked  A  upon  tlie 

diagram,  crosaing  under  the  river  near  that  point  and  arriving  at  the  tank  built  to 

tBoeive  it,  from  which  it  is  to  be  pumped  in  the  manner  aa  foUows: — Asm»n 

Btre«m  of  water  running  alongside,  and  being  parallel   for   some  distance,  v«, 

r\r<y 
after  careful  gauging,  found  to  yield  sufficient  power  for  working  tiie  small  tnrUiK 
which  is  placed  in  the  building  at  A.  The  turbine  was  arranged  to  drive  the  pump 
which  lifts  the  sewage  from  the  tank  and  delivers  it  by  a  cast  iron  main  to  the  point 
marked  b  on  the  irrigation-grounds.  Arrived  at  that  point  the  sewage  is  distributed 
through  carriers  of  earthenware  pipes  along  the  main  lines,  as  shown,  and  fnin 
these  into  subsidiary  carriers,  and  thence  into  small  furrows  in  the  top  soiL  THe 
whole  area  of  the  irrigation-ground  is  under  jwntrol,  and  each  may  receive  its 
proper  share  of  sewage  by  a  little  attention  to  the  valves  and  turning-points. 

No  one  should  undertake  to  execute  sewage-dijq)osal  work,  especially  inigstua 
of  any  kind,  except  he  has  satisfied  himself  of  the  strata  and  subsoils  and  an;  otlier 
matter  whiclk  influences  the  proposed  works.  It  is  a  general  practice  for  engioKi^ 
to  specify  what  work  is  intended  to  be  doite,  but  the  peiroa  who  carries  it  out  bu 
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oommonlj  to  obtain  liis  own  information  on  any  subject  which  can  in  any  way 
inflaence  the  quotation  of  a  price  for  the  work.  As  a  rule,  also,  no  charges  for 
extra  woik  are  allowed  in  consequence  of  any  misunderstanding  of  the  drawings, 
the  intention  being  that  for  the  defined  sum  the  work  is  to  be  satisfactorily 

executed — ^any  really  extra  work,  or  any  less  work,  being  rated  at  the  schedule  sent 
in  on  the  quantitie&  In  work  of  this  kind  it  is  always  very  desirable  to  furnish 
quantities,  for,  otherwise,  the  client  will  often  be  the  loser.  It  should  also 
be  entrusted  to  an  engineer  in  the  first  place,  if  for  no  other  reason  than 
the  necessity  of  furnishing  accurate  levels  coupled  with  the  best  advice  generally. 
When  this  precaution  is  not  taken,  it  often  happens  that  the  works  are  carried  out 
in  a  faulty  manner,  and  have  even  to  be  executed  over  again,  perhaps  on  an  altered 
scheme  altogether.  All  surplus  earth  not  required  for  forming  and  levelling  up  the 
lands,  roads,  or  embankments,  and  all  stone,  gravel,  clay,  sand,  or  timber,  <fec., 
should  be  reserved  by  the  client  and  removed  to  a  suitable  place,  but  as  a  matter  of 
course  the  contractor  is  to  be  free  to  make  use  of  them  as  far  as  they  are  useful  to 
him  on  the  works.  These  few  remarks  are  merely  thrown  out  as  likely  to  be 
useful.  The  contractor  for  this  kind  of  work  should  always  agree  to  a  six 

months'  maintenance  of  his  work  before  he  receives  his  final  balance  of  account 

SEA-DELIVEBT   OF  SEWAGE  FROM  HOUSES. 

It  is  not  an  uncommon  practice  for  persons  residing  near  the  sea-shore  to  take 
their  sewage  to  the  nearest  cliff  or  sands,  leaving  it  there  entirely  to  itself,  careless 
as  to  what  amount  of  nuisance  it  is  creating.  Deliveries  of  this  kind  can  easily  be 
found  by  tracing  the  passage  of  the  black  silt  across  the  sands  when  the  tide  is  out, 
or  by  watching  the  detour  which  pedestrians  make  in  order  to  avert  the  smell  when 

nearing  such  an  outfall.  Towns  are  allowed  to  discharge  theii*  sewage  into  the  sea, 
however,  only  below  the  line  of  low  water ;  but  this  is  a  very  different  thing  from 
turning  the  sewage  of  a  cluster  of  houses,  for  instance,  into  the  sea  above  high- 
water  mark.  In  unfrequented  haunts  the  nuisance  would  be  small,  but  it  is  very 
different  if  the  practice  be  resorted  to  in  the  neighbourhood  of  watering-places,  as  is 
frequently  the  case,  for  then  the  sewage  will  be  thrown  back  upon  the  shore  and 
contamips  e  it  Moreover,  as  has  been  pointed  out,  sea-water  does  not  readily 
oiddise  sr  «rage,  and  when  the  latter  becomes  incorporated  with  the  material  which 
forms  tlie  beach,  the  gases  evolved  therefrom  in  the  summer  are  dangerous  to 
health.  The  old  bathing-places  of  many  villages  have  been  entirely  destroyed 
by  the  inconsiderate  turning  of  sewage  into  the  sea,  and  several  cases  in  point  come 
prominently  to  my  mind,  where  even  the  neighbourhood  of  a  mansion  has  been 
polluted  for  want  of  care  in  this  particular,  and  coves  more  and  more  remote  sought 

iu  turn,  in  order  to  enjoy  some  freedom  from  the  sea-borne  mud  and  wind-wafted 
odours. 

Leading  the  sewage  of  a  residence  to  the  sea,  or  even  the  overflow  of  cesspools, 
then,  is  one  of  the  clumsiest  modes  of  dealing  with  effete  matter,  and  recourse 
should  be  had  to  irrigation  of  some  kind.  There  is  almost  always  a  garden  where 
the  wastes  could  be  treated  in  a  sensible  manner,  and  the  gardener  who  does  not 
^  the  advantages  which  might  be  gained  by  a  utilisation  of  such  wastes  upon  his 
land  can  have  no  sense  of  propriety  or  economy. 
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THE  CnSMICAL  TEBATMXNT  OF  BKWAOE. 

It  •ometimes  ocean  tlmt  a  building  has  been  erected  upon  a  site  which  offers 
no  oonTenienoe  for  the  removal  of  the  sewage,  there  being  either  no  sewer  to  drain 

into  or  no  land  belonging  to  it^  making  inigation  out  of  the  question.  And  it  ofu^n 
hi4>pens  that  such  a  residence  and  offices  have  been  draining  for  many  years  into  a 
running  stream,  when  suddenly  notice  is  given  by  the  authorities  to  the  owner, 
insisting  upon  an  abatement  of  its  pollution.  Under  these  circumstances,  it  is 
likely  enough  that  recourse  must  be  had  to  some  sort  of  precipitation.  There  are 
several  methods  of  effecting  the  precipitation  of  sewage,  and  the  removal  of  its 
chief  polluting  ingredients;  for  instance,  the  ordinary  lime  process,  as  used  at 
Bradford ;  the  Hille  lime  process,  as  in  use  at  Tottenham ;  the  SeM  lime  proems, 
as  carried  on  at  Burnley ;  the  A  B  0,  or  native  guano  process,  as  in  operatiaii  at 
Aylesbury ;  and  the  Precipitation  and  Irrigation  process,  which  is  worked  by  the 

Kivers'  Purification  Society  at  Coventry.  The  result  of  this  precipitati<m  of  sewage 
is  called  sludge^  and  it  has  various  values  according  to  the  chemicals  emplojedL 
Sometimes  the  sludge  resulting  from  the  lime  process  only  ia  simply  carted  upon  the 
land,  and  as  the  sewage  is  but  partially  purified  the  effluent  is  hardly  fit  to  W 

allowed  direct  entrance  into  a  stream.  In  Greneral  Scott's  system  at  Bumley,  the 
sludge  is  dried  and  burnt  into  clinkers,  which  produce,  when  ground,  a  good 
hydraulic  lime.  CoL  Jones,  V.C.,  has  a  plan  in  operation  at  Wrexham,  by  which, 
after  the  sludge  is  dried  sufficiently,  a  manure  is  produced  by  miidng  twelve  parts 

with  seven  parts  of  fine  raw  bone-meal  and  one  part  of  sulphate  of  ammonia.  The 

sludge  produced  by  the  ABC  process,  where  the  sew^age  is  treated  by  alum,  blooil 
clay,  and  charcoal  precipitants  —  in  proper  proportions — ^is  dried  by  pressmof. 
heating,  and  grinding  into  powder,  which  finds  a  ready  sale  at  home  and  abroad 

The  sludge  at  Coventry  is  air-dried  simply,  and  is  valuable  for  dressing  on 
the  land.  The  effluent  water  from  the  tanks  in  this  last  instance  is  the  resultant  of 

irrigation  as  well,  and  is  very  pure. 
An  excellent  idea  of  the  values  of  the  various  systems  of  the  treatment  of  sewage 

by  chemical  agency  will  be  found  in  Professor  H.  Robinson's  work  on  "8ewa<7^ 

Disposal,"  and  it  is  evident  that  much  has  to  be  considered  before  having  recourse 
to  precipitation.  There  is  no  work  extant  which  treats  of  the  adaptability  of 
chemical  treatment  to  houses—all  the  recorded  systems  dealing  with  towns  and 
cities  only. 

But  examples  must  be  multiplied,  and  the  results  carefully  analysed,  l)efore  the 
treatment  can  be  deliberately  recommended.  Very  few  cases,  one  would  think, 

would  occur  in  which  irrigation  of  one  kind  or  another  would  be  found  impossible, 
in  the  matter  of  country  houses  especially. 
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CHAPTER  LXX. 

L^i^MVMMV 

HOUSE  EXAMPLES  AKD  CONGLUBIOK. 

Kzampila  of  Coitage-dramage — Of  the  Drainage  of  a  Laige  Villa— Of  the  Drainage-arrangemente 
of  a  lAige  Maiuion — Sundry  Hints  for  Guidance  in  the  matter  of  HooM-drainage— Useful 
Memoranda  to  Persons  concerned  with  Work  of  that  description. 

Befobs  ooncluding  my  section  it  would  perhaps  serve  some  useful  purpose  if  I  were 

to  furnish  an  example  of  buildings  showing  drainage-arrangements  actually 
carried  out,  with  a  few  remarks  thereon.  I  will  therefore  do  so,  giving  three 
instances,  one  of  a  small  cottage,  one  of  a  large  villa,  and  one  of  a  large  mansion. 

It  w^ill  be  impossible,  however,  upon  any  reasonable  scale  to  show  the  outhouses  and 
other  buildings  appertaining  to  the  two  larger  plans  which  follow,  but  where  it  is  at 
all  necessary  the  relationship  of  these  to  the  main  drains  will  be  explained.  In  no 
case  were  brick  drains  made  use  of  in  any  way. 

It  should  be  borne  in  mind  that  in  laying  down  drains,  especially  soil-drains 
of  any  kind,  they  should  be  laid  down  upon  straight  lines ;  and  whenever  a  fresh 
direction  is  necessary,  a  manhole  should 
be  placed  at  each  diversion,  the  object 
being  not  only  to  be  able  to  clean 
out  the  drain  easily  when  required, 
but  also  to  afford  a  line  of  sight 
through  the  drain  at  each  length. 

At  Fig.  277,  page  656,  I  purposely 
drew  an  example  of  a  house  drained 
on  eurved  lines,  so  as  to  explain  what 
was  undesirable  in  this  respect ;  but  I 
did  not  complicate  it  by  drawing  the 
desirable  lines.  It  is  easy  to  see, 
however,  that  straight  and  not  curved 
lines  were  possible  there,  and  I  merely 
mention  this  because  straight  lines  are 
always  preferable  to  curved  lines, 

however  easy  the  latter  may  be.  Ex- 
amples of  drains  laid  down  on  straight 

lines  will  be  furnished  in  the  next  few 

pages.  It  is  sometimes  allowable  to 

curve  a  drain  wHch  does  not  remove  anything  except  rain-water  to  a  tank 
anderground. 

At  Fig.  313  I  give  the  sketch  of  a  small  one^storey  cottage  tmch  as  would  be 
inhabited  in  rural  districts,  and  containing  sufficient  accommodation  for  a  man  and 

wife  and  a  small  family,  requiring  the  use  of  one  bed-rdom  only. 

There  is  a  kitchen,  a  large  living-room,  and  a  parents'  bed-room,  with  store  and 
pantry  accommodation,  and  with  a  side  verandah,  up  the  posts  of  which  a  shade 
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oould  be  got  by  dimbing-plante.     Nothing  could  be  nmpler  than  the  plan  of  sudb  a 
cottage. 

It  might  be  that  thia  cottage  could  be  placed  in  proximity  to  a  drain  leading  to  a 

■ewer,  in  which  oaae  the  closet  at  a  could  be  a  servant's  cleanly  waah-out  closet^  with 
a  double  seat,  one  with  an  aperture  suitable  for  children.  In  that  case  the  doaet 
would  be  disconnected  from  the  drain  beyond  by  means  of  any  of  the  doaet 
disconnection-traps  explained  in  Chapter  LXY.  If  the  wastes  of  the  cottage  coold  be 
led  into  a  proper  drain,  then  in  that  case  the  waste  of  the  kitchen  sink  at  c  oodd 
be  led  into  a  small  disconnection-guUy,  suitable  for  cottages  at  d  ;  such  a  tnp  as, 

for  instance,  the  interoepting-gully  known  as  Dean's,  and  made  with  lifting  siltpot, 
such  as  I  have  drawn  at  Fig.  256.  Hie  rain-water  would  likely  enough  be  cdlected 
from  the  down  pipes  at  roof,  and  led  into  a  tub  at  ■,  with  a  draw-off  from  it, 
and  a  small  gully  underneath.  Such  a  collection  of  rain-water  would  always  be 
useful  for  washing-purposes,  and  if  a  separate  small  washhouse  were  attached 
to  the  building  so  much  the  better,  as  the  wastes  could  in  that  case  be  collected 
in  one  of  the  automatio  flushing-tanks  described  by  me  (see  Big.  279,  for  instance), 
which  would,  when  full,  deliver  its  contents,  and  so  flush  out  the  drain. 

Likely  enough,  however,  such  a  cottage  in  the  country  would  be  erected  &r  awaj 
from  any  drain^  and  in  that  case  the  treatment  would  be  different.  Hien,  yerr 
possibly  with  advantage,  the  closet  ▲  would  become  an  earth  or  ash  closet,  the 
former  being  preferable^  as  being  more  suitable  for  use  in  small  gardens,  such  as  are 
always  attached  to  cottages  of  this  description.  Then,  also,  with  no  regular  drain, 
the  kitchen  sink  would  best  be  delivered  into  a  small  flush-tank,  which  would 
receive  the  kitchen  liquid  wastes ;  and  if  there  were  no  small  washhouse,  and  the 
washing-tub  were  placed  on  the  sink  c,  the  wastes  would  deliver  all  the  same  into 
the  fludiing-tank,  which  would  be  placed  outside  the  house  at  d.  When  it  became 
necessary  to  empty  the  bed-chamber  slops,  it  would  by  no  means  be  a  sanitaiy 
practice  to  empty  them  down  the  sink  o,  despite  the  access-trap  which  would  be 
wisely  placed  there,  and  these  slops  should  rather  be  carried  down  the  steps  f,  and 
emptied  over  the  grating  of  the  flush-tank  at  d,  which  is  in  the  open  air.  This 
tank  would  be  ventilated  by  a  small  pipe  on  the  roof,  so  as  to  remove  any  posable 
smell,  and  the  tank  would  be  occasionally  cleaned  out  to  keep  it  in  sweet 
condition. 

I  have  already  explained  in  Chapter  LXYIII.  how  very  easily  such  slops  as 
would  here  be  collected  could  be  utilised  by  sub-irrigation  on  a  small  plot  of  ground 
laid  out  for  the  purpose,  and  I  am  sure  that  once  a  cottager  became  acquainted  with 
the  wisdom  of  such  treatment  of  his  wastes,  he  would  never  drain  into  an  open 
ditch,  or  into  garden  pools  or  cesspools.  It  is  very  rarely  indeed  that  a  garden  is 
situated  where  there  is  no  running  stream  into  which  his  effluent  water  could  be  led. 
The  main  thing  to  teach  a  cottager  is  to  avoid  draining  into  an  open  ditch,  where 
all  kinds  of  wastes  lie  festering  throughout  the  year,  and  do  not  drain  away.  H 
recourse  must  be  had  to  a  cesspool,  then  this  receptacle  must  be  built  of  brick  in 
cement^  and  made  perfectly  water-tight,  by  rendering  it  with  cement  inside;  and  it 
should  be  placed  as  far  as  it  is  possible  from  any  weU,  ventilated  in  some  proper 
fashion  also,  with  radial  overflows  made  of  common  agricultural  pipe,  laid  some  foot  or 
so  underground.  It  should  also  have  a  common  pump  fixed  over  it^  not  onlj  to 
facilitate  emptying  it^  but  to  remind  the  cottager  by  its  very  presence  that  the 
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contents  can  be  made  useful  to  the  land  all  the  year  through.  If  the  pump-mouth 
were  fitted  with  a  screw,  and  the  man  had  a  length  or  two  of  common  hose,  he 
could  distribute  the  sewage  very  much  better. 

A  cottage  or  a  congregation  of  cottages  treated  in  the  improved  methods 
mentioned  above  would  greatly  conduce  to  better  health  in  country  villages,  besides 
teaching  the  tenants  of  the  houses  cleanliness  and  economy ;  emd  it  should  be  the 
duty  of  every  inspector  dealing  with  such  things  to  see  that  no  dweUing,  however 
small,  should  be  allowed  to  be  inhabited  until  the  wastes  were  in  some  way  or  other 

Fig.  S14.~Larere  Sorlmrban  Villa. 

satisfactorily  disposed  of.  The  majority  of  our  country  cottages  and  their 

surroundings  are  simply  Liliputian  pest-places. 
I  will  now  furnish  an  example  of  the  drainage-arrangements  of  a  large  vUla, 

designed  by  me,  and  erected  on  one  of  the  northern  heights  of  London.  This  is 
shown  at  Fig.  314. 

In  this  instance  it  was  considered  desirable  to  collect  the  rain-water  from  the 

roofe,  and  deliver  it  into  a  rain-water  tank  for  use  in  the  laundry  and  gardens. 
This  rain-water  tank  is  shown  at  a,  and  the  single  dotted  lines  represent  the  drains, 
which  collect  the  rain-water  from  the  down  pipes,  x  x,  into  the  tank.  None  of 
these  rain-water  pipes  descend  inside  the  house.  The  drains  which  remove  the 
closet  and  sink  wastes,  <ba,  are  shown  by  the  strong  black  line,  and  it  will  be 
noticed  that  none  of  these  drains  run  inside  the  house.  The  plan  exhibits  the 
ground  floor,  the  cellars  being  mostly  wine  and  beer  cellars.  The  closets  are 

situated  as  under:  b  being  the  billiard-room  closet,  c  the  house  closet^  d  the 

servants'  closet ;  and  the  soil-pipes  from  the  upstairs  closet  descend  on  the  outside, 
and  are  ventilated  to  above  root  The  sinks  are  as  under : — The  scullery  sink  at  b, 

Uie  butler's  pantry  sink  at  f,  the  entrance-haU  lavatory  at  o,  and  the  billiard-room 
lavatory  at  h.  The  wastes  of  the  housemaid's  sink,  bath,  <fec,  descend  in  the 
comer  j,  where  they  are  disconnected  into  the  open  air.  Every  waste  delivered  in 

the  open  air  except  simply  the  soil-pipes,  and  the  disconnection-gullies  used  for  the 
49 
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Iiath  and  sink  wastes  were  of  the  siiiiplest  kincL  Beyond  the  point  k,  where  l^e  two 
dndna  make  junction,  was  built  a  disconnection-chamber  with  sjphon,  and  open  pipe 
inside  the  covered-ap  manhole,  such  as  I  have  figured  in  a  former  chapter.  The 
hoQse-drain  had  no  communication  with  the  drainage  from  the  lodge,  as  it  was 
possible  infectious  cases  might  be  present  in  the  latter,  to  the  detiiment  of  the 
inmates  of  the  honse,  and  both  had  therefore  separate  entry  into  the  sew^  in  the 
roadway.  The  laimdry  was  also  dndned  separately  into  the  m&in  drain,  because  it 
stood  on  a  lower  level  Am  for  the  stables  and  cow-house,  the  wastes  from  tb«e 

were  collected  into  a  liquid  manure-tank,  with  pump  attached  for  use  in  the 

gardeiL 
The  basement  or  cellars  had  a  separate  drain  mariced  by  the  double  dotted  line, 

but  this  drain  was  disconnected  at  a  ventilated  gully,  k,  before  it  passed  into  tiie 
main  drain.     The  diaoonnecting-gullies  round  the  house  are  shown  at  k,  j,  and  p. 

As  a  sewer  had  been  provided  for  the  district  in  which  this  bouse  was  built,  it 
was  not  considered  desirable  to  irrigate  with  the  drainage  upon  the  ground  in  any 
manner.  It  is  easy,  however,  to  see  that  this  could  be  very  well  effected  by  any  of 
the  methods  shown  in  former  examples. 

I  will  now  give  an  example  of  a  large  mansion  in  Lincolnshire,  the  drainage  of 
which  I  undertook  so  as  to  bring  it  ¥dthin  modem  principles.  This  residence  is 

shown  in  plan  at  Fig.  315.  The  faint  continuous  lines  represent  the  rain-water,  and 
the  bulk  of  these  drains  lead  to  a  large  rain-water  tank  situated  at  B  w,  having  filters 
l)efore  it.  The  overflow  of  this  tank  is  by  the  double  faint  continuous  lines  in  the 

direction  of  x  x,  where  the  water  passes  into  a  stream.  A  small  water-engine  at 
w  w,  worked  by  the  waterworks  which  I  erected  some  two  miles  distant,  raises  the 

rain-water  from  this  tank  to  a  tank  at  the  top  of  the  house  for  the  purpose  of  ablu- 
tion. The  drains  from  the  house  are  shown  by  the  darker  continuous  lines,  and  are 

nowhere  taken  just  inside  the  house,  except  between  b  and  e,  where  they  are 
surrounded  by  concrete. 

The  basement  is  drained  along  the  thick  dotted  line,  and  this  drain  became 
necessary  in  order  to  take  the  water  from  the  hydraulic  lift,  and  also  to  drain  the 

passages.  But  this  drain  does  not  enter  into  the  main  drain  until  it  has  been  dis- 
connected and  rendered  safe.  Tlie  soil-pipes  are  nine  in  number,  and  the  where, 

abouts  of  their  descent  is  marked  s,  each  pipe  being  placed  outside  the  house,  and 

duly  ventilated  to  above  roof,  the  closets  being  all  valve-dosets,  with  the  exception 

of  the  servants'  closets,  whidb  are  wash-out  closets,  placed  at  f  and  M.  It  will  be 
seen  by  the  pofdtion  of  the  various  disconnection-chambers,  whidi  are  marked  d,  that 
these  chambers  are  placed  as  close  to  the  walls  of  the  house  as  could  conveniently 

be  got,  a  current  of  fresh  asx  being  let  into  each  diamber  from  a  proper  inlet  Inspee- 
tion-<^ambors  are  placed  at  x,  wherever  this  letter  is  shown,  and  also  at  other  plaeas. 
The  waste-pipes  from  the  baths,  the  upstairs  and  downstairs  sinks,  all  ddiver  into 
gullies  outside  the  house.  The  grease-diamber  is  placed  outside  the  house  at  J.  The 
house-drains,  after  passing  through  the  vaiious  disconnection-chambers  marked  n, 
converge  in  the  direction  of  a,  b  and  c,  and  at  some  distance  beiow  c  they  meet 
At  some  hundred  feet  distance  from  the  point  where  the  three  make  junction 

the  sewage  is  taken  into  a  straining-chamber,  whence  the  solids  are  removed  daOy, 
the  liquids  passing  into  a  tank  of  considerable  dimensions,  having  an  annular  syphon 
fixod  in  it^  the  action  of  which  is  exphuued,  and  the  whole  apparatus  drawn  in 
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aectionftt  Kg.  281.  When  tbamterhu  riMa  up  toft  certain  ha^t  in  tbe  tank,  tlie 

■f{4um  u  atuted,  md  the  whole  of  the  conteatB  of  the  t«nk  ue  dudiajged  in  tUt 

initenoe  apot  <m«  or  mora  of  a  wrieB  of  oser-beds,  the  effluent  bung  caa^t  in 
a  deep  ditch.     There  ia  no  ceaapool  anywhere. 

lie  diaoonDection-chamben,  maiked  d,  are  all  of  a  pattern  aimiluto  tiutdnwn 
at  Fig.  316,  andar«  formed  with  brick  aides  veil  cemented.    TheMitioti  of  these  u^ 
chambers  wm  described  in  one  of  my  earlier  ch^ters.     It  may  here  be  added  thU 

„     between  the  junction  of  the  diains,  wltere 

P     A,  B,  and  c  nnite,  and  the  itrge  flaatuDf- 
Wt     tKok    with    strainer    for   salida  in  front, 

Be     manholes,  acting  also  aa  veatiUtaTB,  wen 
^     placed  &om  time  to  time.      Hydnmta !« 

j^  m^  flushing     out    the    drains    were    plaod 
wherever  the  letter  h  is  dr&wn,  and  pipes 

were  laid  from  these  points  to  the  disconnection-chambera,  the  econring-powa  of 
the  water  being  eqtul  to  a  run  through  a  1-in.  pipe  from  a  distant  reaerriur  same 
nxty  or  seventy  feet  above  the  platewi  on  whid)  Uie  house  was  builL 

TBC  unrnna  of  HonsB. 

A  person  who  diinks  of  taking  a  house  of  any  kind,  in  town  or  country,  woold 
do  wisely  to  have  the  drainagentrrangements  ezamioed  by  some  competent  aathori^, 
in  order  to  see  that  they  are  soundly  jointed  and  free  from  deposits,  the  soil-^pa 
properly  tight  and  well  ventilated,  the  sink,  bath,  lavatory,  and  other  wast<B  &■ 
connected  in  the  open  air,  and  the  wastes  or  overflows  of  all  dstems  treated  io  i 
i(itnilnr  manner.  The  sinks  and  lavatories,  etc.,  should  also  be  examined  to  tee  ii 
they  are  properly  trapped,  for  disconnection  in  the  open  air  is  not  sufficient,  aice 
any  effluvium  from  the  trapping-wator  of  a  golly,  or  the  smell  of  any  filtb  in 
the  pipe,  will,  in  the  absence  of  a  trap,  be  often  sucked  into  the  room.  Flotr 
traps  inside  the  room  should  also  be  removed  unless  these  deliver  again  into  tb 
open  yard  or  area.  And  previous  to  entering  upon  residence,  the  tenant  ahcnU 
make  sure  that  all  the  cisterns  are  thoroughly  cleaned  out,  and  that  no  sink  or 
draw-off  tap  where  drinkiiig-wator  can  be  drawn  is  in  commonication  with  a  6iDm 
which  supplies  a  water^oset^ 

It  ia  not  at  all  a  settled  point  aa  to  whether  a  landlord  or  lessor  is  obliged  ta 
provide  the  inooming  tenant  with  other  than  pan-closets ;  but  whether  this  be  so  (c 
not,  it  ia  advisable  that  some  arrangement  should  be  come  to  in  the  way  of  rejiM^ 
such  closets  by  valve  or  other  improved  conveniences  of  this  kind.  Tha  landloni  u 

certainly  obliged  nowadays  to  disconnect  his  sinks  and  cistem-wastea,  and  i^' 
provide  ventilated  soil-pipea.  The  drain  must  also  be  sound,  and  trapped  off  hix 
the  Bewer  in  some  manner.  In  regard  to  the  last  precaution,  the  landlord  shoolj 

be  required  to  show  a  late  or  present  report  from  the  District  Surveyor's  ofBce,  « 
Sanitary  Authority,  stating  also  that  the  drainage  runs  away  freely,  and  that  tlK 
outfell  is  cleozdy. 

With  reference  to  a  disconnection  between  the  main  drain  and  the  sewer,  ̂ ^ 

which  is  meant  a  chamber  with  open  channel  pipe,  a  syphon,  fresh-air  inlet,  and  i 
mauhtJe-cover,  the  landlord  often  refuses  to  go  to  this  expense,  and   contends  dut 
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it  is  nowhere  made  compulsory  upon  him  to  provide  such  a  contrivance.  This  is  so 

far  true ;  but  rather  than  the  trap  between  the  house-drain  and  the  sewer  should 

take  the  form  of  a  Mason's  or  dip-trap,  it  would  be  well,  if  the  landlord  refuses  to 
provide  for  a  disconnection  of  some  sound  kind  with  an  air-inlet,  for  the  incoming 

tenant  to  provide  one  for  himself,  removing  any  dip-trap,  and  seeing  that  there  is 

no  trap  at  the  foot  of  the  soil-pipes  to  stay,  the  constant  ventilation  which  an  air- 
chamber  is  meant  to  provide. 

The  above  general  rules  should  guide  every  one  seeking  for  a  house.  If  the  house 

has  been  lately  re-drained  under  proper  supervision,  and  if  a  certificate  has  been 
granted  to  it  by  an  efficient  engineer  as  being  healthworthy,  this  should  mean  that 

all  the  foregoing  rules  have  been  carried  out.  Even  then,  however,  the  cisterns 

should  be  cleaned  out,  the  syphon-chamber  and  air-inlet  examined,  and  the  gullies 
and  drain  flushed  out ;  and  always  after  painters  or  decorators  have  had  the  run  of 

the  basement  for  a  time,  the  whole  of  the  traps  and  drains  should  be  examined  to 

see  if  they  are  free  from  the  many  foreign  materials  which  they  are  apt  carelessly 

to  throw  into  the  drain,  by  way  of  some  handy  sink  or  yard  trap. 

Experience  teaches  over  and  over  again  that,  as  a  rule,  it  is  not  wise  for  an  in- 

coming tenant  to  allow  the  landlord  to  '^  put  the  drains  right  for  him  "  before  he 
takes  up  residence,  inasmuch  as  on  too  many  occasions  the  remediary  work  is  given 

to  mere  jobbing  builders,  who  do  not  understand  the  disconnection  and  ventilation 

of  drains.  The  wisest  plan  is  for  the  tenant  to  employ  some  competent  person  to 

make  a  report  upon  the  sanitaiy  Arrangements  of  the  residence  as  left  by  the  last 

tenant^  and  then  to  stipulate  that  certain  work  must  be  executed  to  the  satisfaction 

of  his  engineer  before  any  agreement  or  lease  is  signed.  It  is  not  an  uncommon 

occurrence  to  find  a  tenant  who  has  entered  upon  a  house  being  obliged  to  ieave  it 

before  he  has  occupied  it  for  a  month,  and  to  be  put  to  the  inconvenience  of  having 

much  work  carried  out  before  he  can  resume  occupation,  and  this  at  his  own  expense, 

with  no  remedy  against  his  landlord.  It  is  for  the  interest  of  lessor  and  lessee  alike 

that  everything  should  have  been  put  in  good  order  at  the  first.  Cases  do  occur 

where,  from  faulty  drainage,  a  tenant  can  justifiably  refuse  to  remain  in  the  house, 

and  refuse  to  pay  rent  then  due  and  future  rent  as  well ;  but  an  invocation  of  the 
law  in  these  cases  is  a  very  expensive  course  to  take,  and  the  cost  of  proving  that 

the  house  was  uninhabitable,  or,  vice  versa,  that  it  might  be  regarded  as  a  healthy 

one,  invariably  turns  out  to  be  moreover  a  very  tedious  and  doubtful  matter,  in- 

volving the  examination  of  many  kinds  of  witnesses. 

USEFUL    MBMO&AKDA. 

The  following  memoranda,  taken  from  several  sources,  may  be  taken  as  fairly 

reliable,  and  will  be  found  useful : — 

Water. 

277*123  cubic  inches  sb  l  gallon. 
1  gallon  weighs  10  lb.,  and  oocupies  0-16  of  a  cubic  foot ;  6^  gallons  =  1  cubio  foot. 
1  cubic  foot  weighs  62*4  lb. 
1  cwt.  =  1*8  cubic  feet  or  11*2  gallons,  and  1  ton  35-9  cubio  feet  or  234  galloiuk 
1  cubic  foot  multiplied  by  0*557  =  I  cwt.  nearly. 
1  cubic  foot  multiplied  by  0*028  =  I  ton. 
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The  daily  average  oonsDinption  of  water  per  head  is  ahooi  8  gaUima,  and  about  36  per  cent 
mare  ia  required  in  miinmer  than  in  winter.  It  ia  nanal  to  f  Icniatft  ior  up  to  30  galloBi 
per  mdiTii^ial  per  day. 

SSWAOI. 

A  Telocitj  of  60  leet  per  minute  will  anffice  for  Mwage  which  ahnoet  iwiemKlea  water,  one  of  90 
feet  per  minute  for  strained  sewage,  and  one  of  150  feet  per  minute  for  ordinary  aewage. 

One  inch  in  depth  of  aewage  over  an  acre  of  land  ia  equal  to  101  tons  or  22,600  galLona. 
Taking  all  agea  and  aezes  together,  the  daily  amount  per  head  of  population  ia  about  2|  ounces  of 

foBoal  and  40  ounces  of  urinary  discharges,  or  a  total  of  about  2}  lb.  It  ia  near  enoo^  to 
reckon  the  solid  to  the  fluid  eracuationa  aa  1  to  16. 

"Mmasvkeb. 

Lineal  feet  multiplied  by  '00019  s  miles,  and  lineal  yards  multiplied  hy  *000568  as  nilea. 
Square  yards  multiplied  by  -0002067=  acres. 



DEFECTIVE  SANITARY  APPLIANCES  AND 
AERANGEMENTS. 

By  Pbofissob  W.  H,  Cobfield,  M.A.,  M.D.  (Oxon.), 

■ot 

CHAPTER  LXXI. 

DEFECTS   IN   DRAINS   AND   DRAINAGE. 

Nature  of  Defective  Sanitation— Faults  of  Old  Drains  and  Cesspools— Old  Traps— Defects  in  Laying 
Drain-pipes— Faulty  Oonnection»—yentilating-pipes— Various  Defects  through  which  Foul  Air 
may  enter  a  House— Faults  in  Yard  and  Sink  Drainage— Connection  of  Water-supply  with  Soil- 
pipes. 

When  refuse  organic  materials  are  allowed  to  accumulate  in  and  about  houses, 

decomposition  takes  place  in  them,  and  foid-smelling  substances  escape  into  and 
contaminate  the  air,  the  soil,  and  the  water  around. 

Under  such  circumstances  deterioration  of  the  health  of  persons  living  in  houses 

where  this  is  the  case  of  necessity  takes  place ;  and  so  the  general  death-rate  in 
towns  where  the  refuse  materials  of  the  population  are  not  continuously  removed 
from  the  houses  is  high,  and  is  invariably  lessened  by  the  more  speedy  removal  of 
such  refuse  matters,  no  matter  by  what  means  such  removal  is  carried  out 

As  young  children  are  more  affected  by  impure  air  than  adults,  it  is  found  that 
in  such  towns  the  death-rate  of  children  is  especially  high. 

Since  the  refuse  ezcretal  matters  from  human  beings  may,  and  not  unfrequently 
do,  contain  poisons  of  certain  specific  diseases,  the  more  these  refuse  matters  are 
retained  about  the  premises,  the  more  likely  are  such  diseases  to  spread. 

The  Oriental  plague  and  cholera  hare  always  prevailed  most  in  the  filthiest 
places^  and  on  the  other  hand,  in  towns  where  the  refuse  materials  are  most  speedily 

removed,  **  cholera  epidemics  have  been  rendered  practically  harmless." 
Enterio  or  typhoid  fever  is  also  a  disease,  the  poison  of  which  is  especially 

spread  by  means  of  excremental  matters,  and  it  is  found  that  this  disease  prevails 
especially  in  places  where  excremental  matters  are  collected  in  and  about  the  habita- 

tions, and  where  the  soil  and  the  water  in  the  wells  get  contaminated  by  these 
matters. 

It  is  for  this  reason  that  typhoid  fever  and  cholera  are  more  especially  prevalent 

upon  pervious  soils.  People  living  upon  such  soils  obtain  their  drinking-water  from 
wells  dug  near  to  the  houses,  and  it  is  plain  that  if  excremental  matters  are  allowed 
to  get  into  the  soil  they  will  find  their  way  into  the  wells.  If  then  these  matters 
<x>ntain  the  poison  of  typhoid  fever  or  of  cholera,  the  drinking-water  will  become 
contaminated  with  it,  and  thus  the  disease  will  be  spread. 

Diphtheria  is  another  disease  which  is  also  without  doubt  propagated  by  means 

of  foul  matters  containing  the  special  poison  of  the  disease ;  but  while  the  poisons  of 



712  OUE  HOMKS. 

efnteric  fever  and  cholera  seem  to  be  especudlj  conveyed  by  means  of  fool  wator, 
though  no  doubt  oocaaionally  ako  by  foul  air,  the  poiaon  of  diphtheria,  on  the  otiier 
handy  is  eqMcially  conveyed  by  foul  air,  but  ia  alao  certainly  in  some  instanoeB  osh 

veyed  to  human  beinga  through  the  medium  of  foul  drinking-water. 
DiarrhoMk,  which  produoea  so  large  a  number  of  deaths  in  the  summer,  eapedallj 

in  our  large  towns,  is  also  produced  to  a  very  great  extent  by  the  drinking  of  foul 

water  at  a  temperature  above  60"  Fahrenheit ;  and  is  no  doubt  produced  by  the 
decompoaition  of  organic  mattera  contained  in  such  water,  more  eapedally  by 
decomposing  excremental  mattera 

Relaxed  and  ulcerated  sore  throats  are  also  very  frequently  caused  by  living  in 
atmospheres  contaminated  with  the  results  of  fcDcal  decomposition.  An  outbreak  of 
Bore  thi«at  in  a  house  is  a  very  frequent  sign  of  defective  sanitary  arrangements,  bj 
which  foul  mattera  are  allowed  to  accumulate,  and  the  result  of  their  decomposition 
to  poison  the  air ;  a  severe  form  of  pneumonia  has  also  been  not  infrequently  kaced 
to  a  similar  cause. 

Thus  we  see  that  it  ia  of  the  greatest  possible  importance  for  the  health  of  the 
community  that  foul  refuse  matters  should  be  removed  continuously  and  speedily 
from  the  vicinity  of  habitations.  This,  necessary  everywhere,  is  eflpecially 
necessary  in  large  towns  where  so  many  thousands  of  people  are  oongregated 
together  upon  comparatively  small  spaces,  where,  therefore,  the  aocumulatiffli  of 
foul  refuse  matters  is  liable  to  be  so  much  greater  on  a  given  area  than  am(mg 
more  scattered  populations,  and  where,  too,  other  unsanitary  conditions  of  necessity 
exist  to  a  greater  or  less  extent,  and  are  aggravated  by  the  unnecessary  presence  of 
foul  organic  matters  in  a  state  of  decomposition. 

Defective  sanitary  appliances  and  arrangements  are,  therefore,  those  whidi  allow 
of  the  retention  and  accumulation  of  foul  refuse  matters  in  and  about  the  hous^; 

and  sanitary  arrangements  are  the  more  perfect  the  more  completely  they  allow  of 
the  speedy  and  continuous  removal  of  such  refuse  matters,  and  the  more  they 
prevent  any  accumulation  of  such  matters,  however  smalL 

It  will,  therefore,  be  well  to  learn  the  defects  which  are  usually  found  in  the 
drains  and  sanitary  fittings  of  modem  houses.  Comparatively  few  people  have  the 
opportunity  of  building  houses  for  themselves,  the  majority  being  obliged  to  take 
possession  of  those  which  are  as  perfect,  or  rather  as  imperfect,  in  theae  respects 
as  most  houses  which  are  built  at  the  present  time. 

The  knowledge  which  it  is  important  to  possess  should  enable  the  tenant  to 
understand  the  difficulties  with  which  he  will  have  to  contend,  if  his  house  is  to  be 

so  altered  as  to  meet  all  the  requirements  of  health.  As  the  doctor  knows  where 
to  look  for  disease,  the  householder  shoidd  know  where  defects  are  likely  to 
be  found,  and  by  appreciating  the  character  of  the  evil,  will  be  able  to  understand 
the  steps  which  must  be  taken  to  put  the  house  into  a  thoroughly  habitable  condition. 

DRAINS. 

Whatever  system  of  removal  be  adopted  for  the  solid  refuse  matters,  a  hrgd 
amount  of  foul  water  must  be  disposed  of  in  all  households,  and  so  channels,  or 

pipes,  for  tlie  removal  of  this  foul  water  ai'e  necessaiy  in  all  cases.  These  are 
commonly  called  house-drains,  or,  more  shortly,  diuins,  though  they  woidd  be  more 
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appropriately  draomin&ted  honse-sewers ;  as  fay  &  drain  is  etrictly  meant  &  channel 

for  the  removal  of  sorplos  water  &om  the  surface  or  Bubeoil,  and  by  a  Bewer  is 

meajit  a  channel  for  the  removal  of  foul  vater  from  dwellings.     Popularly,  however, 

tlie  term  sewer  ia^  restricted  to  the  larger  pipes,  or  channels,  by  which  the  foul 
water  from  a  umnber  of  houses  is  removed,  and  pipes  belonging  to  a  eingle  house 

are  called  drains.     This  is  the  case  because,  in  the  first  instance,  these  channels 

were  made  for  the  removal  of  surplus  surface-water,  and  it  was  only  secondarily 

that  they  came  into  use  for  the  removal  of  refuse  matters  from  houses.      This 

being  so^  Uiey  were  only  made  of  pervious  materials,  so  that  the  water  could  easily 

get  into  them,  whether  from  the  surface  or  from  the  i 

soil  beneath.     If  water  could  get  into  Uiem,  it  is  clear 

that,  under  certain  drcumstances — as,  for  instance,  if 

they  got  choked  up — water  could  find  its  way  out  of 
them  into  the  soil  around ;  and  as  these  drains  were 

made,  in  the  great  majority  of  instances — sapecially  in 

large    towns— to  run   underneath   the  basements  of 

houses,  and  often  in  close  proximity  to  wells,  the  foul 

water  found  its  way  through  them,  and  contaminated 

the  soil  under  the  houses,  and  the  water  of  the  wells.        fik.  sit.— B«tu«oiiv  Brick  Dmiu 
-      ,      ,      .  .J,  ,.,1      >.         ■         I  with  Tila  Caier,  Ickking  into  Soil 
Such  drains  were  made,  and  are  still  often  found        ■roimd. 

under  old  houses,  of  bricks  set  in  mortar  without  any 

cement,  either  between  the  bricks  or  lining  the  interior  of  the  drajn,  of  rectangular 

section,  so  that  there  was  the  greatest  amount  of  friction  and  the  greatest  likelihood 

of  deposit  occurring.    Sometimes  the  top  of  the  drain  was  covered  with  slabs  of  stone, 

at  others  with  half -tiles,  forming  a  sort  of  rude  arch  (Fig.  317).  Not  only  were  drains 

so  constructed  pervious  to  water  at  first,  but  they  became  more  so  as  time  went 
on.   The  mortar  was  washed  out  of  the 

joints,  so  that   in  old  drains  of   this 
kind    the    bricks    can    frequently   be 

easily  pulled  out  with  the  hand.     But 
rats  worked  their  way  through  them 

into  the  houses,  carrying  foul  matters, 

and   perhaps   the    poisons    of    certtun 
communicable  diseases,  with  them  to 

various  parte  of   the  houses,  and  es- 

pecially to  the  food  in  the  larder,  or 

store-room;    and,  moreover,  foul   air 
from  the  dnuns  entered  the  houses  by 

Firr.  318.— R»t-nin»  frena  DofeotlTB  Dmiu  into  Bi»e-         ..       v    i        _    j      t      iL        i_    __J   
noit,  i-onl  Air  sMxptng  Into  HoDM.  tbe  holes  made  by  the  rats,  and  ren- 

dered the  air  impure  (Fig.  318). 

H"ot  only  were  these  brick  drains  porous,  but  they  wei-e  far  too  large  for  the 
purpose  for  which  they  were  required  ;  and,  especially  as  they  frequently  had  but  a 

flight  fall,  the  amount  of  water  passing  through  them  was  not  suiGcient  to  keep 

them  clear  of  deposit.  In  order  to  prevent  such  drains  being  a  nuisance  to  the 

penioDS  inhabiting  the  houses,  it  was  sometimes  the  practice  to  cover  a  large  part 

or  the  whole  of  the  basement  of  the  house  with  a  layer  of  concrete  three  or  four 
inches  thick. 
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By  Uiia  tumiui  Rome  of  the  *vil  nfiboU  were  obviated,  but  it  not  onlnqwDily 

liappenp<l    that   •   serious    nuisaiuv    to    nfighboiiring  hoiUM>s  vos  caused  m  thu 
w»y.      la  oue  iiLHtance  which  came  under  my  notice  bobm  yean  ago,  then  W 
be«u  on  several  occasions  cues  of  disease   that  speared  to  be  dm  to  fml 
air,  in  a  liouso  where  the  samttuy  urnuigeiuuutti  had  been  carefollf  attaakded  to. 
Un  aoooiuit  of  the  fact  that  unifllu  woni  obaFr\  etl  to  issue  from  the  loose  jaintii 

of  the  pavement  in  the  baaeuieut— not  near  tiie  dnun  of  the  honae  in  qoeiticiii,  boi 
on  the  side  rcmot«  from  it,  and  agaiust  a  neighbouring  house — the  paving  *h  bkea 

up,  when  it  was  found  that  the  nte  b*d 
made  a  channel  &T>m  the  dnins  d  the 

uei^bouring  house  into  the  basemeit  <i 

the  house  in  questicHi,  under  the  heartli- 
stone  of   the    Icitcheu    grate,   no   doubt 
attracted  by  the  wannth,  and  also  by  find- 

ing that  it  was  the  easiest  way  out  oC  tbe 
draia  into  one  of    the  houses  (Fig.  iM). 
Under  this  hearthstooe  were  more  tlaa 

a  score  of  dead   rata,  in  all  copdi&ws  ti 

*       decay,     from    dry     skeletons     to    recent 
corpsee ;   and   the  reason  they  had  famtd 

tliis  to  be  the  easiest   way  was  that  the   owners  of  the  next  house,  LaviDg  n- 
jterienced  a    considerable    nuisance    from  their  drains,  -had    had    them  tnd  iLe 
whole  basement  covered  with  three  or    four    inches  of  concrete.      As  they  W 

no  nuisance  in  their  own  house,  it  was  with    the  greatest  difficulty  thit  tliey 
could   be   persuaded    that    their    drain  could  produce  a  nuisance  anywhere  tar. 
or  tfiat  there  was  any  necessity  for  them  to  have  anything  done  to  it,     I  ̂kuII 
add  that  the  drain  in  question  was  not  only  most  imperfectly  constructed,  but  coel- 
muaicated  directly  with  the  street  sewer,  so  that  the  rats  had  opened  a  connecluii 
between  the  interior  of  the  house,  in  which  the  owner  had  had  everything  done  tki 
was  possible  to  put    his  house  in  a 
wholesome    oondition,   and   the  main 
sewers  of  London. 

Since  such  brick  and  tile  construc- 
tions were  originally  meant  to  carry 

off  the  surplus  drunage-water  of  the 
town,  they  were  naturally  taken  to  the 
nearest  watercourse ;  and  so,  when 
refuse  matters  from  houses  b^an  to  be 

turned  into  them,  it  was  thought  de- 
urable  that  some    means    should    be 

adopted  for  preventing  the  more  solid         Tig,  sa).— CMtpooi  i— mj  lata  Boq,  ud  <»' 

parts  of  such  refuse  from  getting  into  ._Z*,     ̂ !^  "„ 
the  rivers,  and  it  was  usually  the  prac- 

tice to  have  one  or  more  pits,  or  cesspools,  connected  with  the  drainage-arnmgeiiKB^ 
of  a  house.     These  cesspools  were  usually  constructed  with  as  little  care,  as  regant 
their  being  pervious  or  impervious  to  water,  as  the  drains  themselves.     Indew), » 
some  instances  they  were  deliberately  mode  as  pervious  as  possible — Him  bn^^ 
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walls  not  evea  being  joined  with  mortar — ^in  order  that  as  mucli  water,  or  rather  as 
much  foul  water  as  posdble  should  percolate  out  ot  them. 

Id  one  town  it  was  the  practice  in  constructing  a  cesspool  to  dig  down  to  a 

"spring,"  in  which  case  the  cesspool  needed  no  other  outlet,  and  never  requii«d  to 
be  emptied ;  a  stone  was  put  over  the  top  of  it,  and  it  was  sealed  up  ' '  for  ever  "— 
the  acme  of  all  that  could  be  done  in  removing  foul  matters  from  honsea  being 
considered  to  be  reaidied  by  this  method.  These  cesi^KXils  were  placed  either  actually 
under  die  house,  or  in  the  immediate  vicinity,  and  frequently— I  might  almost  say 
generally — at  a  short  distanoe  from  the  well  which  supplied  the  family  with  drinking- 
water  (Fig.  320).  The  well,  of  course,  collecting  water  from  the  soil  around,  was 
supplied  very  largely  by  the  foul  water  that  percolated  from  the  pervious  drains 
and  cesspools  under  or  near  the  house. 

It  is  to  this  "circular  system"  of  water-supply,  as  it  has  been  termed,  that 
we  owe  the  fact  that  enteric,  or  typhoid  fever,  and  cholera — diseases  the  poisons  of 

which  are  chiefly  spi-ead  by  means  of  impure  drinking-water — are  far  more  prevalent 
upon  pervious  soils,  so  healthy  in  other  respects,  than  upon  impervious  ones,  which 
do  not  permit  so  readily  of  soakage  through  them,  and  in  which,  moreover,  wells  are 
not  so  frequently  dug,  partly  on  account  of  the  difficulty  of  getting  water,  and  partly 
because  it  is  not  so  clear  and  sparkling  and  pleasant  to  the  taste  as  the  water  from 
gravels  or  sands,  so  that  the  drinking-water  has  to  be  procured  from  sources  which 
are  less  likely  to  be  contaminat«d  by  soakage  from  cesspools  and  drains. 

As  these  porous  drains  offered  little  obstacle  to  the  passage  of  fonl  air  from  the 
>Kwcrs  or  cesspools  into  the  houses,  a  contrivance  was  devised  fOr  preventing,  at  any 

rate,  the  rush  of  a  current  of  lur  up  the  drain.    ITiis  consisted  in  making  a  pit,  or  re- 
Ltptacle,  in  the  coui-se  of  the  drain,  before  it  reached  the  sewer  or  cesspool,  and  fixing 
A  slab  of  stone  or  slate  right  across  the  drain,  over  the  middle  of  this  pit,  and  dipping 
two  or  three  inches  into  the  water  that,  of  course,  always  remained  in  it  up  to  the  level 
of  Ihe  outlet  leading  to  the  aewer  or  cesspool.     This  construction  was  known  as  the 
(1il>«toiie  trap,  but,  from  the  fact  that  it  was  frequently  made  of  considerable  size, 
Hud  often  some  feet  deep,  it  was,  and  is 

htiU,  known  in  some  pai-ts  of  the  country 
:is  the  cesspool,  and  acted  as  such  by  re- 

taining  a   considerable   quantity  of    solid 
tilth.     Indeed,  I  have  seen  cesspools  that 
had  evidently  been  originally  constructed 

as  such,  with  a  laige    dip-stone  in  them, 
for  the  purpose  of  preventing  foul  air  froni 
the  sewera   getting  into   the   house^drain. 
More    care    was    usually    taken     in    the 

,.,,.,  .  ,,  -  Fig.  321.-I>8ro  Dip^tona  Trap,  wili  aocmonta- 
conatruction  of  the  dipatone  trap  than  in         "  '  Hon  of  fliih  in  tt. 

that   of   the   drain,    as   it    was   necessary        fcrnnneBHrinHmpi  ijt)™ini™>LnBTnPic.Wi.. that    the    former   should    hold   water,    in 

order  that  its  purpose  might  be  effected,  and  so  it  was  frequently  lined  with  a 

eoating  of  cement.     The  drains  and  cesspools  were  not  provided  with  any  means  of 
ventilation,  unless  accidentally  by  means  of  rain-water  jnpes,  or  openings  from 

the  surface  leading  into  them  and  insufficiently  trapped — that  is,  not  properly 

protected  against  the  escape  of  fonl  air  from  them  into  the  house  or  its  vicinity — 
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and  so  the  foul  air  found  its  way  into  the  houBes,  both  through  the  connedions 
made  with  the  drains  from  various  parts  of  the  house,  and  through  the  soil  itsell 

From  all  this  it  wiU  be  seen  that  it  is  neoessaiy  for  house-drains  to  be 
impervious  to  water,  and  this  effect  is  attained  by  making  them  of  glazed  stone- 

ware pipes,  with  socketed  ends,  properly  jointed,  or  in  some  instances  iron  pipes 
are  used.  Stoneware  pipe  drains  are,  however,  frequently  laid  so  as  to  prove  a 
source  of  danger.  Somettmes  they  are  laid  with  little  or  no  fall,  so  that  the  solid 
matters  accumulate  in  them,  and  gradually  choke  them  up.  This  may  happen 
l>ecause  the  main  sewer,  into  which  they  have  to  be  taken,  is  not  low  enough  to 

allow  of  a  fiedl  in  the  house-drains ;  but  it  frequently  happens  when  the  sewer  is 
quite  low  enough,  by  the  trench  in  which  the  drain  is  laid  being  dug  too  shallov, 
except  close  to  the  sewer,  in  order  to  save  the  small  expense  of  digging  a  little 

deeper  throughout  the  length  of  the  drain.  Thus  the  drain  is  nearly  flat  through- 
out the  greater  part  of  its  length,  and  fiJls  with  a  steep  incline  into  the  sewer. 

SVS> 

Tift.  322.— Dnin  liid  level,  with  Sharp  FaU  new 
Sewer,  intteed  d  with  Begnkr  Fill  m  ahown  by 
dotted  Unea. 

Fig.  323.— Branch  Drain  finom  DowBo^ape  wiUi 
FaU  the  wronff  way:  AceamnlatioB  m  Dnin, 
Foul  Water  leaking  through  Defective  Jomta. 

(Fig.  322.)  But  things  may  be  worse  than  this ;  and  not  unfrequently  branch 
drains,  at  any  rate,  are  laid  with  a  fall  in  the  opposite  direction  to  tliat  in  which 

the  water  is  intended' to  run  (Fig.  323).  Again,  the  pipes  that  are  used  are  fre- 
quently too  large,  because,  having  been  accustomed  to  build  brick  drains  of  ei^teen 

inches  or  more  in  diameter,  the  builders  can  with  difficulty  be  got  to  understand 
that  a  pipe  nine  inches  in  diameter  is  unnecessarily  large  for  the  drainage  of  a  house, 

and  that  six-inch,  or  even  four-inch  pipes  are  quite  sufficient  Large  drains  cannot 

be  flushed  by  the  quantity  of  water  ̂ at  is  discharged  from  an  ordinary  dwelling- 
house,  whereas  small  ones  can.  The  amount 
of  water  that  will  suffice  to  keep  a  four,  or 

even  a  six-inch  pipe  drain  quite  clear  of  deposit 
will  not  do  so  for  a  nine-inch  pipe  drain  laid 
at  the  same  incline  (Fig.  324). 

I  have  said  that  the  pipes  should  be  properly 

jointed.  There  are  a  variety  of  ways  in  which 

pipes  may  be  and  are  improperly  jointed.  One 

is,  when  the  pipes  are  simply  fitted  into  the 

sockets  of  one  another,  without  any  joioiiig- 

material  being  used  at  all,  or,  as  it  is  technically  termed, "  laid  dry  "  (Fig.  325).  In 
this  case,  of  course,  it  is  impossible  that  the  drain  should  be  water-tight,  and  fool 
water  continually  leaks  into   the  ground  around  the  drain.      Sometimes  clay  is 

Fig.  824.— A,  Section  of  Four-inch  Pi|>e  ran- 
ning  full.  B,  Section  of  Six-inch  Pipe,  and 
c,  Section  of  Nine-inch  Pipe,  with  the  eame 
ooantity  of  Water  running  tfarongh  them 
Uiat  sdlloea  to  fill  the  Fonr-inoh  Pipe. 
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used  as  a  material  for  packing  the  joints,  on  the  ground  that  if  a  settlement  occurs, 
the  pipes  will  not  be  broken,  as  the  joints  will  yield  a  littla  This  is  a  verj  bad 
argument,  as  it  supposes  that  drains  are  laid — as  they  ought  not  to  be — in  such  a 
manner  that  a  settlement  can  take  plac&  If  this  is  the  case^  it  is  quite  clear  that 
irrp^:uiarities  will  be  produced  in  the  floor  of  the  drain,  deposits  will  be  formed, 

Tiff.  325— Stoneware  Pipes  "laid  dry. 

»» 

Fig.  386.— Stoneware   Pipes  laid  the wrong  way. 

Fig.  327.-^Stonewaxe  Drain  with  Cement  Jointi 
improporlj  made. 

and,  moreover,  the  joints  which  have  ''  given ''  a  little  will  necessarily  leak.  Clay  is 
apt  to  be  washed  out  of  the  joints  in  time,  and  this  is  especially  the  case  if,  as  in 
an  instance  that  came  before  me  some  time  ago,  the  pipes  are  all  laid  the  wrong 
way,  so  that  the  sockets  point  towards  the  outfall  instead  of  towards  the  head  of 

the  drain  (Fig.  326).  In  this  instance,  the  clay  "with  which  the  sockets  had  been 
packed  was  all  washed  out  The  water  flowed  out  through  the  open  joints,  and 
solid  matters  were  deposited  in  it,  until  it  was  completely  blocked  up. 

With  cement,  on  the  other  hand,  water-tight  joints  can  be  made  which  will  last 
perfect  for  a  very  long  time  indeed ;  but  they  require  to  be  made  with  considerable 
care,  or  pieces  of  cement  may  project  into  the 

interior  of  the  drain  (Fig.  327),  causing  irregu- 
larities in  its  floor,  and  serving  as  obstructions 

against  which  accumulations  of  filth  form, 
and  even  if  they  do  not  ultimately  block  up 
the  drain,  by  tiieir  decomposition  continually 

produce  foul  air.  In  order  to  obviate  these  difficulties,  Stanford's  joint,  already 
referred  to  (page  616),  has  been  devised.  In  this  the  ends  of  the  pipes  and  the 
interiors  of  the  sockets  are  lined  with  a  preparation,  the  surface  of  which  is 
bevelled  off  in  such  a  manner  that  the  end  of  one  pipe  fits  tightly  into  the  socket 
of  another.  No  cement  or  luting  of  any  kind  is  required ;  the  ends  of  the  pipe 

are  merely  greased  and  pushed  into  the  sockets.  In  this  way  a  water-tight  drain 
can  be  constructed ;  but  it  is  quite  clear  tliat  these  pipes  can  be  laid — if  the  work 

is  done  carelessly — so  that  the  drain  shall  not  be 
water-tight  at  all  It  is  not  an  )infrequent  thing 
to  find  bends  in  drains,  made  by  fitting  the  straight 

pipes  together  improperly,  so  that  the  pipes  lie  at 
an  angle  to  one  another,  and  not  in  a  straight 

line,  as  they  should  (Fig.  328).  This  is  done  by 
putting  the  end  of  one  pipe  farther  into  the 
socket  on  one  side  of  it  than  on  the  other,  and  is 

not  unfrequently  done  to  such  an  extent  that  one 
side  of  the  pipe  does  not  enter  the  socket  at  all,  and  a  knife  or  even  a  finger  may 
be  put  into  the  drain  between  the  end  of  one  pipe  and  the  socket  of  the  next 

Pipes  are  made  with  various  curves,  and  these,  which  aie  technically  caUed 

Fig.  328.--Straight  Pipes  used  instead  of 
•*  Bends." 
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kin  oonnactad  to  ICain 
thiooffh  Hole  cut  in  the 
Pipe,  instead  of  with 
pocketed  JancUon. 

bimdii,  should  always  be  used  where  it  is  necessary  to  depart  from  the  stnugfat 
line. 

The  junction  and  branch  drains  are  frequently  nutde  by  cutting  a  hole  in  one  of 

the  main  pipes,  fitting  the  branch  pipe  in,  and  making  good  (f)  with  bits  of  slate  or 
tile  and  cement  (Fig.  330).  Such  patchwork  jobs  are  seldoin 

water-tight  for  any  length  of  time,  and  t^ere  is  generally  a 
projection  into  the  drain  of  the  branch  pipe,  which  caases 
an  obstacle  to  the  flow  in  it;  and,  moreoTer,  nothing  k 
saved  by  making  junctions  in  this  way,  as  various  kinds  of 
junctions  are  now  made  in  stoneware,  and  they  are  far  less 
trouble  to  lay  than  it  is  to  make  such  a  patchwork  joint  as 
has  just  been  described. 

The  junctions  should  always  be  laid  so  that  the  water 
running  from  the  branch  drains  will  run  into  the  main  in 

the  direction  in  which  it  is  required  to  go,  and  not  at  ri^t  angles  to  the  main 
drain,  and  still  less  in  the  opposite  direction  to  that  in  which  the  water 
flows  in  it,  and  this  for  obvious  reasons.  That  the  mention  of  this  is  not 
unnecessary  wUl  be  seen  in  a  moment.  When  it  is  required  to  diminiah 

the  sise  of  a  drain,  as  in  passing  from  a  six-inch  pipe  to  a  four-inch  pipe,  a 
pipe  called  a  diminishing  pipe  should  be  used.  This  pipe,  for  the  instance 
just  mentioned,  would  be  six  inches  in  diameter  on  the  lai^r  end,  and  would  hare 

a  socket  for  the  four-inch  pipe  at  the  smaller  end.  But  drains  are  fr^uentlj 
diminished  or  increased  in  size  in  other  ways;  that  is  to  say,  by  making 
imperfect  joints  of  some  kind  or  another.  One  most  curious  instance  of  this  I 
have  lately  seen,  and  it  is  shown  in  the  accompanying  sketch  (Fig.  330)l 
Six-inch  drains  had  been  laid.  The  upper  part  of  one  of  them  was  finished 

off  with  four-inch  pipes,  but  as  I  suppose  the  builder  had  no  dirainishing-pipe, 
he  conceived  the  extraordinary  idea  of  continuing  from  the  six  to  the  four-inch 

pipes  by  insei*ting  the  socket  end  of  the  foui>inch  pipe  into  the  last  socket  of  the 
six-inch  pipe  of  the  drain,  and  then  con- 

tinued the  four-inch  drain  by  pipes  all 
laid  the  wrong  way.  In  one  place  a 
junction  had  to  be  made  to  receive  the 
discharge  from  a  gully  into  which  the 
waste-pipe  of  a  sink  was  taken.  This 
junction  being,  like  the  rest  of  the  pipes, 
laid  the  wrong  way,  the  water  from  the 
sink  had  to  run  in  the  wrong  direction  into  the  drain ;  for  the  junction  should,  of 
course,  always  be  made  so  that  the  water  coming  in  by  the  branch  runs  in  the  same 
direction  as  that  in  the  main  drain. 

It  is  a  great  mistake  in  drainage-arrangements  to  have  the  drains  laid  unde^ 
neath  the  basements  of  houses  at  all  if  they  can  be  placed  outside ;  but  whether 
inside  or  outside  of  houses,  drains  should  be  water-tight,  and  they  should  be  t^ted 
by  blocking  up  the  lower  end,  filling  them  with  water,  and  observing  the  level  to 
see  if  the  drain  remains  fulL 

Fig.  330.— Plan  of  Six-inch  StonewBre  Dninredoeed 
to  Fottf-inch.  bj  laTiag  tbe  Four-fanck  Pipe  tht 
wrong  war,  instead  of  using  a  Dimmishing  Pipe- 
Jonetion  zrom  Gully  taking  Water  into  the  Dna 
in  the  opposite  direction  to  the  OutSow. 
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YW.  831.— Hoiue-drain  directly  oonneeted  with 
main  Sewer;  Sink-waste  nntrapped,  and 
direotlj  oonneoted  with  Honse-urain;  Air 
from  Sewer  esoaping  into  the  Honae. 

OOKKEOTIOK  WITH  MAIK  SEWER  OR  CESSPOOL. 

In  some  instances  the  drain  is  positively  unconnected  with  the  main  sewer  at 
all,  and  of  oonrse  soon  gets  stopped  up.  In  others,  it  is  connected  with  an  old 
8€fwer  which  has  been  blocked  up  at  both  ends  perhaps  for  years,  but  is  not  full,  and 
continually  leaks  into  the  soil  around.  In  this 
case,  a  kind  of  closed  cesspool  is  formed,  and 
the  sewi^  may  run  away  from  the  houses  for 
years  without  the  state  of  things  being  found 

out ;  or  an -old  sewer  may  be  blocked  up  pur- 
posely, a  new  one  being  laid  without  all  the 

house-drains  being  connected  with  it;  but 
these  are,  of  course,  somewhat  exceptional 
instances.  Just  as  was  the  case  with  the  old 

brick  drains,  so  it  frequently  happens  with 
pipe  drains,  that  they  are  connected  directly 
^th  the  main  sewers  or  cesspools,  without  any  obstruction  to  the  passage  of  air  from 

the  latter  up  into  the  house-drains,  or  with  at  most  a  swinging  iron  flap,  which  serves 
to  keep  rats  out  of  the  house^lrains  as  long  as  it  is  in  working  order  (Fig.  331). 

In  some  places  this  is  the  plan  that  is  deliberately  adopted,  and  no  form  of 

water-trap  is  placed  upon  the  house-drain  before  it  reaches  the  main  sewer  or 
cesspool ;  the  theory  being  that  if  the  main  sewers  or  cesspools  are  thoroughly  well 
ventilated,  it  is  better  to  have  no  obstruction  to  the  flow  of  sewage  from  the  houses 

into  them.  This  plan,  however,  must  be  regarded  as  a' defective  one,  as  it  is  not 
desirable  that  the  air  from  main  sewers  or  cesspools,  however  well  ventilated  they 

may  be,  should  be  allowed  to  get  into  the  house-drains  at  all.  Cesspools,  of 
necessity,  contain  a  large  quantity  of  decomposing  filth,  and  the  air  passing  from 
them  is  foul,  while  the  air  of  main  sewers,  although  in  many  instances  very  slightly 
ofiensive,  is  liable  at  any  time  to  contain  the  poisons  of  specific  diseases,  and  it 
is  therefore  clearly  desirable  that  means  should  be  taken  to  prevent  its  entering 

the  drains  of  houses.  This  is  done  by  placing  a  water-trap  of  some  form  or 
another  upon  the  house-drain  before  it  reaches  the  main  sewer  or  ces^KX)!. 

The  dip -stone  ti*ap,  which  has  already  been  described,  is  frequently  used,  even 
with  pipe-drains;  but  it  is  very  objectionable,  as  it  retains  a  large  quantity  of 
foul  matters,  which  decompose,  and  render  the  air  in  the  drain  continually  impure. 
It  has  been  improved  by  making  it  smaller,  so  that  it  is  only  as  wide  as  the 
drain,  by  giving  it  a  steep  slope  on  the  side  next  the  house,  and  a  gradual  slope 

into  the  exit,  by  sloping  the  dip-stone  in  the  direction  of  the  water,  and  by 
rounding  off  the  bottom  of  the  trap,  so  that  there  are  no  comers  for  foul  matters 

to  collect ;  and  a  still  further  improvement  consists  in  placing  a  U-shaped  stone- 
ware bend,  commonly  called  a  syphon-trap,  upon  the  course  of  the  pipe  drain.  This 

bend,  being  of  the  same  diameter  as  the  drain,  holds  a  much  smaller  quantity  of 

water  than  any  of  the  forms  of  dip-stone  trap,  and  sediment  is  much  less  likely  to 
accumulate  in  it. 

But  even  in  the  use  of  these  traps  there  are  several  things  to  be  guarded  against 

which  must  now  be  pointed  out.  As  I  have  already  said,  nine-inch  pipes  were 
formerly  laid,  and  are  still  very  largely  used  for  house-diains,  and  so,  of  course 
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nine-inch  U-tntp«  were  placed  upon  them.  Now,  the  wat«r  from  an  ordinu;  h.mse 
will  not  keep  a  nine-inch  trap  clear  of  sediment,  so  a  deposit  Mcomnlftlea  is  it,  and 
ultimately  it  becomes  stepped,  the  dmins  get  full  of  water,  and  the  jard  or  buemfci 
of  the  house  ia  flooded.  In  order  to  get  at  the  trap  and  remore  the  obstractiai 
without  breaking  a  pipe,  these  tnpa  were  made  with  a  vertical  pipe  rioi^  bvn 
the  lowest  part  of  the  bend,  and  this  pipe  was  carried  up  to  near  the  ntrfaoe  of  tin 
ground,  a  plug  being  placed  in  the  top  of  it,  which  could  be  easily  removed,  so  thu 

the  contents  of  the  trap  could  be  stirred  up,  or  it  oonld  be  forced  b;  a  plonga'. 
But,  as  will  be  seen  from  Fig.  332,  this  upright  pipe  must  always  amtais  ̂ tia 
up  to  the  level  of  the  outlet  of  the  trap,  and  so  floating  matters  coming  dcm  lite 

drain  and  passing  into  the  U-trap  rise  up  into  the  water  in  the  vertical  pipe^  u>^ 
there  remain  for  a  considerable  time,  not  being  removed  by  anything  bat  a  \tr; 
large  flush  of  wat«r ;  so  that  they  help  to  keep  the  water  in  the  trap  fonL  It  i^ 
therefore  necessary  to  have  some  other  way  of  getting  at  the  imp.  Althoe^  * 
water-trap  will  prevent  a  rudi  of  foul  air  from  the  main  sewer,  or  ceaspoc^  into  the 
house-drain,  many  gases  contained  in  such  air,  being  soluble  in  water,  are  abeoibcd 
by  the  water  at  one  end  of  the  trap,  and  oome  out  into  the  air  in  the  hoiise-dnii> 
at  the  other  end ;  so  that  even  with  a  water-trap  on  the  house-drain,  the  air  in  the 
latter  ia  foul,  and  it  was  soon  found  that  if  no  means  of  escape  were  provided  ttn 
it,  it  would  lind  a  means  of  escaping  for  itself,  through  the  connections  betwcM 
the  house  and  the  drain,  and  even,  as  will  be  seen  farther  on,  tbroogli  *^' 
substance  of  the  lead  pipes  connected  with  the  drain.  This  led  to  means  bein; 

provided  for  the  escape  of  fool  air  from    the   drains   by  means  of  pipes,  vbkti 
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uhould  of  conrsa  be  made  to  end  in  such  positions  that  the  air  coming  out  at  them 
will  not  produce  a  nuisance.     In  some  instances,  however,  the  remedy  has  been  made 
as  bad,  if  not  -worse,  than  the  defect     Frequently,  for  instance,  rain-water  pipes, starting  behind  a  parapet  close  to  the  bed-room  windows  of  the  top  floor,  passing 
with  loose  joints  close  to  the  windows  of  the  house,  connected  by  small  branches with  balconies  and  conservatories,  are 
allowed  to  pass  directly  into  the  drain, 
thus  giving  out  foul  air  in  close  proxi- 

mity to  the  windows  of  the  house;  or 
Tentilating-pipes    are  allowed   to  end 
within  a  short  distance  of  windows,  so 
that  the  air  that  comes  out   of   them 

is  liable  to  be  blown  into  the  house, 
or  into  neighbouring  houses  (Figs.  333 
and  331). 

I  have  seen  a  ventilatiug-pipe,  or 
rather  ahaft,  constructed  with  bricks 
and  mortar,  and  oonneoted  with  the 
drwns,  standing  up  in  the  door  of  a 

wine-cellar,  with  what  is  called  a  "hit  PIs.SSS.— DnfaieaaiiMtAdiritli  Alr-inlatinCeUiti. 
and  miss "  ventilator  on  the  top  of  it, 
BO  that  the  air  from  the  drain  could  be  turned  .on  <a  off  as  was  considered 
meet  desirable.  This  was  no  doubt  originally  intended  to  vetitilat«  the  space 
under  the  floors,  but,  during  some  alteration  to  the  drains,  the  channels  which 
led  from  it  being  observed  and  thought  to  be  drains,  had  been  connected  with 

the  house-drain  (Fig.  335).  In  another  instance  wbioli 
came  under  my  notice  the  drain  of  the  house  was 

ventilated  at  its  upper  end — the  proper  place  for  a 
ventilation  pipe — directly  into  the  scuUeiy  by  a  pipe 
ending  just  under  the  ceiling.  This  was  brought  to 
paiis  in  the  manner  shown  in  Fig.-  336.  A  pipe  was 
placed  down  an  angle  of  the  scullery,  to  take  the 
rain-water  from  the  flat  above  into  the  drain.  It  was 
necessary  to  have  a  bend  of  some  kind  at  the  top 
of  this  pipe.  The  bend  found  to  be  most  convenient, 
or  the  one  which  happened  to  be  at  hand,  was  a 
Y-shaped  junction.  This  was  accordingly  put  in  at 
the  top — one  branch  of  the  Y  connected  with  the  head 
which  received  the  rain  on  the  outside,  and  the  other 
one  left  wide  open  in  the  scullery.  It  was,  no  doubt, 

■  '^  ̂ ^9  intended  that  the  latter  should  have  been  dosed  up, 
but  this  had  never  been  done,  and  the  air  in  the 

Kolleiy  at  the  time  of  inspection  was  in  the  most  pestilential  condition.  I 

have  seen  a  drain  actually  ventilated  by  the  open  head  of  a  rain-water  pipe  inside 
k  boose,  and  receiving  the  water  by  means  of  gutters  from  the  roof  (Fig.  337). 
I  have  seen,  too,  the  ventilating-pipe  of  a  drain  made  to  end  inside  a  shaft  which 

WW  intended   for  the  exit  of  air  from  ̂ e   wf^ter-closet,  but  wbicli,  in'  reality, 
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acted  far  more  often  as  aa  entrance-shaft  than  as  an  exit,  in  which  case  the 
air  escaping  &om  the  ventilator  was,  of  course,  all  brought  down  into  tbe 
house. 

Drains  are  frequently  ventilated^-especially  in  old  houses — ^by  the  oTerfloT- 
pipes  of  the  cisterns.  I  select  the  following  typical  example  (Fig.  338).  In 
a  large  house,  where  there  were  old  brick  drains,  partly  filled  with  foul  sediment 
and  so  pervious  that  most  of  the  water  that  went  into  them  leaked  out  into 
the  soil  around,  directly  connected  with  the  main  sewer,  and  bored  through  by  rau 

in  various  directions,  the  main  drinking-water  cistern,  in  the  basement,  had  a  laip^ 
trumpet-shaped  standing  waste-pipe  in  it,  about  three  inches  wide  at  tlie  top,  and 
two  at  the  bottom,  connected  directly  by  a  2-inch  pipe  with  the  drain.    This  was, 

and  had  been  for  years,  the  passage  by 
which  foul  air  found  its  escape  into  the 
house,  and  attention  was  only  called  to 
it  when  a  death  from  typhoid  fever  took 
place.  In  another  instance,  where  the 

waste-pipe  of  a  cistern  in  a  water-closet 
pa&^ed  directly  into  the  house-drain^ 
which  itself  was  connected  directly  with 
a  cesspool,  a  nuisance  had  evidently 
been  caused  in  the  house,  by  this  method 

of  ventOating  the  di*ains  into  it,  and 
the  device  shown  in  Figs.  339,  340,  was 
resorted  to  for  the  purpose  of  obviating 
the  nuisance.  A  zinc  pipe  was  placed 

over  the  top  of  the  waste-pipe  of  the 
cistern,  commencing  by  a  funnel-shaped 
piece,  larger  than  the  head  of  the  waste- 
pipe,  and  dipping  half  an  inch  into  the 
water  in  the  cistern  when  the  latter  was 

full — the  zinc  pipe  itself  being  carried  up 
through  the  roof  into  the  open  air.  The  idea  evidently  was  to  conduct  the  foul  air 
from  the  drain  out  into  the  open  air,  but  it  is  clear  that  this  could  only  be  die 
case  when  the  cistern  was  full  of  water,  and  as  soon  as  a  little  water  was  drawn  out 

of  it  the  funnel-shaped  piece  of  zinc  no  longer  dipped  into  the  water,  and  there 
was  a  free  passage  for  the  foul  air  into  the  house.  .This  is  an  example  of  the  waj 
in  which  people  are  apt  to  resort  to  imperfect  measures. 

The  ventilators  of  a  drain  should  be  as  large  as  the  branches  they  start  hm. 
and  should  bo  at  the  highest  point  of  those  branches ;  as  the  branches  are  usually 

4-inch  pipes,  the  ventilators  should  be  four  inches  in  diameter,  and  they  shoulil  be 
carried  up  above  the  ridge  of  the  roof,  and  well  out  of  the  way  of  dormer  windo«i 

and  skylights.  Only  comparatively  recently,  a  well-laid  water-tight  drain, 
with  a  U-trap  on  it  to  prevent  the  entrance  of  foul  air,  and  a  sufficiently  larp? 
ventilating-pipe,  or  pipes,  was  considered,  so  far  as  the  drain  itself  was  concemej. 
to  be  perfect  from  a  sanitary  point  of  view;  no  foul  air  could  accumulate  in 

it,  on  account  of  the  large  ventilating-pipes,  and  the  air  tliat  was  in  it  ̂-^^ 

frequently  displaced  by  the  discharge  of   water,  Ac.,   at  various   points  into  i'- 

Fig.  337.  —  Bain-water 
Pipe  open  under  Ceil- 
inK.  ftud  ventilatiog 
Plain  into  Hoose. 

7]g.  338.— Wast*  ?:!•:>  •< 

Drinking-water  Cis- 
tern, directly  r«- nected  with  the  Daia and  ventUatix^  ii- 
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But  it  has  been  found  that  this  is  by  no  means  a  perfect  arrangement.  The  air 
in  such  drains,  and  in  the  pipes  connected  with  them,  is  always  foul,  and  nearly 

stagnant,  except  in  the  cases  where  there  happen  to  be  two  or  three  yentilating- 
pipes,  when  a  current  of  air  may  be  established  down  one  or  more  and  up  the  rest, 

especially  if  they  end  at  different  levels,  and  so  a  movement  of  air  be  effected  in  the 

drain.  This  being  observed,  it  became  at  one  time,  and  is  still  in  some  places  and 

by  some  architects,  the  practice  to  place  a  ventilating-pipe  (taken  up  above  the 
roof)  at  the  lower  end  of  the  drain  between  the  house  and  the  U-trap,  the  idea 
being  that  air  will  enter  by  this  pipe  x^r.*'* 

and  escape  by  the  venti  lati  ng-pipes 
at  the  highest  points  of  the  drain; 
and  so  far  as  ventilation  is  concerned, 

this  plan  will,  no  doubt,  work  in 

the  majority  of  cases  more  or  less 
efficiently,  but  it  affords  no  means 
of  getting  at  the  drain  or  at  the 

U-trap^  and  must  for  this  reason 
be  considered  to  be  a  deficient  ar- 

rangement. 

It  thus  gradually  came  to  be  re- 
cognised that  for  the  proper  ventila- 

tion of  drains  it  was  necessary  to 
have  an  inlet  or  inlets  for  air,  as  well 
as  an  outlet  or  outlets,  and  it  soon 
came  to  be  seen  that  the  lower  the 

level  at  which  the  inlet  was  placed, 

the  moi*e  likely  was  it  to  act  oon- 
timiallv  as  an  inlet  for  air.  So 

openings  were  boldly  made  into  the 
drain  itself,  on  the  house  side  of  the 

trap,    from   the    level   of   the   ground  ^  • 

or  thereabouts,  cCnd  it  was  found  to  the  astonishment  of  many  that,  providetl 

there  were  no  places  in  connection  with  the  di'ain  where  actual  lodgment  of  foul 
matters  could  take  place,  such  openings  prove  no  nuisance  whatever.  This 

point  having  been  reached,  a  variety  of  "  disconnecting-traps  "  were  devised,  in  all 
of  which  there  is  an  inlet  for  fresh  air  to  the  drain  on  the  house  side  of  the  trap, 

and  in  one  of  which — the  Edinburgh  air-chamber  disconnecting-trap — there  is  a 

long  open  channel  interposetl  between  the  U-trap  and  the  house-drain.  Most 

of  these  traps,  however,  while  affording  an  inlet  for  fresh  air,  do  not  afford  a 

sufficient  means  of  getting  at  the  drain  and  at  the  U-trap  at  any  time.  Neither, 

with  the  exception  of  the  one  just  mentioned,  is  the  inlet  of  air  as  large  as  is 
desirable. 

.Hence  the  practice,  which  has  been  described  in  preceding  pages,  of  building  a 
manhole  or  air-chamber  in  brickwork  on  the  course  of  the  drain,  caiTying  the  drain 

through  the  bottom  of  it,  as  first  suggested  by  Mr.  Rogers  Field,  by  means  of 

channel-pipes;  and  fixing  the  syphon  or  U-trap  at  the  lower  end  of  these.  The 

manhole  may  be  covered  by  an  ii*on  locking  grating,  or,  where  this  is  considered 

Pig.  339.  —  Ventilating-pipo 
over  Wa«te-pipe  of  Cis- 

tern, taking  Sewer-air 
through  Boof  when  Cis- 

tern la  full. 

Fig.  SiO.— Samearrangc- ment  with  Cistern 
partly  empty,  and Sewer-air  escaping 
into  Honse. 
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undesirable,  by  an  iron  locking  door,  aii^inlets  being  provided  by  channels  carried 
into  the  manhole  from  suitable  poBition&  One  great  advantage  of  this  plin, 

besides  the  &cility  it  affords  for  getting  at  the  drain  and  the  trap,  ib,  that  if  at  any 

time  air  escapes  from  the  air-inlets,  the  air  that  oomes  out  is  the  last  fresh  air  ̂ at 

has  entered  the  manhole,  and  so  practically  these  inlets  never  become  a  nuisance. 

As  it  may  be  desirable  to  get  at  the  drain  beyond  the  U-trap,  although  tins  is  not 
very  likely,  it  is  better  to  fix  a  T  junction  beyond  the  trap,  and  bring  pipes  from 

this  up  into  the  side  of  the  manhole,  closing  the  end  with  a  plug,  -which  can  be  cat 
out  if  necessary.  The  floor  of  such  a  manhole,  with  sloping  sides  and  two  side 

inlets,  is  now  made  in  one  piece  of  stoneware  by  Messrs.  Doulton,  and  sold  under 

the  name  of  the  *'  Kenon  Floor,"  and  the  XJ-trap  with  an  arm  brought  from  the 
farther  end  of  the  trap  and  ending  just  over  the  inlet  to  it,  this  arm  serving  for  access 
to  the  drain  beyond  the  trap,  is  abo  made  by  them,  and  sold  under  the  name  d  the 

"  Kenoh  Syphon."  A  tiiult  that  is  frequently  committed  in  the  fixing  of  U-trap9 
and  drains  is  that  sufficient  fall  is  not  given  to  the  drain  immediately  before  the  trap. 

Sometimes  two  syphons,  or  TJ-traps,  are  placed  on  the  houaeKirain,  one  after 
another,  with  a  ventilating-opening  between  them ;  the  idea  being  that  if  the  water 
in  the  Hvphon  farthest  from  the  house  is  forced  by  the  sewer^air,  this  escapes  bj  the 

ventilating-opening  and  does  not  get  into  the  house-drain;  but  this  presupposes 
that  the  main  sewer,  or  cesspool,  is  very  insufficiently  ventilated,  and  in  practice  it 

is  found  that  two  traps  are,  to  say  the  least,  quite  unnecessary.  It  would  be  an 

excellent  thing  if  we  could  do  without  water-traps  (at  any  rate  on  the  house-drain) 
altogether;  and  I  certainly  look  upon  it  as  a  mistake  to  have  more  than  one. 

Drains  are  very  frequently  laid  without  inspection-pipes — a  great  blunder,  as  if  the 
drain  has  to  be  examined  at  any  point  the  pipes  have  to  be  broken,  and  there  is 

considerable  difl&culty  in  fixing  new  ones ;  indeed,  the  usual  plan  is  to  patch  up  the 

opening  that  has  been  made.  Inspection-pipos  should  be  placed  at  the  heads  of 
branches  and  in  various  places  throughout  the  course  of  the  house-drain,  especially 

at  or  near  bends,  and  the  stones  in  the  pavement  over  the  positions  of  the  inspection- 
pipes  should  be  marked.  Another  mistake  that  is  very  commonly  made  is  to  have 
the  drains  covered  in  before  a  plan  of  them  has  been  prepared.  This  plan  shoiiM 

not  only  indicate  the  course  of  the  drain,  but  the  positions  of  all  junctions,  o^n- 
nections,  inspection-pipes,  and  all  other  particulars  which  may  be  useful  at  ajiv 
future  time.  Sometimes  the  drains  of  two  6r  more  houses  arc  connect<Ki  togeilu  r 

before  entering  the  main  sewer,  so  that  there  is  only  one  junction  with  the  main 
sewer  for  these  housea  This  is  known  as  the  system  of  Combined  Ditiinage.  It  is 

not  to  be  recommended ;  as,  through  the  fault  of  one  householder,  the  drainage  of 
several  hoiises  may  be  stopped,  and  as  there  is  only  one  entrance  to  the  main  sewer, 

anything  impeding  the  flow  of  sewage  in  this,  affects  all  the  houses  connected  with 

it.  But  occasionally  the  drainage  of  one  or  more  houses  passes,  wholly  or  pai-tially, 
through  the  di'ain  imdemeath  anotlier  house  into  the  main  sewer,  so  that  the  di^in 
under  the  house  in  question  becomes  in  effect  a  public  sewer  for  other  houst^. 
Til  is  ought  never  to  be  allowed,  as  not  only  does  it  considerably  increase  tlui 

possibility  of  this  drain  becoming  blocked,  but  it  increases  considei-ably  tlie 
possibility  of  disea.se  being  communicated  from  the  neighbouring  houses  to  the  one 

under  which  runs  the  common  drain;  for  while  under  the  system  of  combinr^l 

drainage — properly  so  called,  as  already  descril^ed — each  householder  can  have  a 



YAKD-DaAINAGE. 725 

roper  difloonnecting-Arrangement  to  separate  the  drain  of  his  house  from  those  of 
tber  houses,  when  the  drains  of  several  houses  are  connected  with  the  drain  passing 
nderaeath  a  particular  house,  although  the  owners  of  these  houses  can  isolate 

hemselves  by  a  disconnecting-arrangement,  the  owner  of  the  house  in  question 
annot  do  anything  of  the  kind ;  a]l  he  can  do  is  to  isolate  the  common  drain  run- 
Ang  underneath  his  house  from  the  main  sewer.  This  is  so  serious  a  defect  in  the 
rrangements  of  a  house,  that  it  has  been  recently  decided  by  the  Court  of  Chancery 
hat  any  lease  of  a  house  possessing  this  defect  is  void,  unless  it  is  specially 
aentioned  in  it  that  the  setoage  of  other  houses  is  to  be  permitted  to  pass  through 
he  drain ;  and  that  it  is  not  sufficient  to  provide  in  the  lease  that  loater  from  other 
louses  is  to  be  permitted  to  pass  through. 

At  the  time  of  writing  a  house  situated  in  a  square  in  the  western  part  of  the 
netix>polis  is  in  very  much  this  difficulty.  The  drain  from  a  neighbouring  house 
masses  into  the  drain  of  the  house  mentioned,  which  therefore  has  to  do  duty  for 
:wo  bouses.  Owing  apparently  to  some  fault  in  the  sewer,  the  terminal  end  of  the 
Irain  is  choked,  and  the  owner  of  the  house  referred  to  is  obliged  to  submit  not 

Duly  to  the  risks  attendant  upon  the  sewage  of  his  own  house  foi^cing  its 

way  up  through  the  traps,  but  also  that  of  his  neighbour's,  a  condition  to  which 
he  must  submit  imtil  the  local  authority  can  be  induced  to  reconstnict 
the  same. 

YARD-DRAINAGK 

It  is  clear  that  there  must  be  openings  into  the  drain  at  various  places  for  the 

entrance  of  surface-water  from  areas,  yards,  &c  Not  infrequently  these  ai*e  found 
untrapped :  that  is  to  say,  there  are  direct  communications  from  the  surface  of  the 

yard  through  a  grating  or  perforated  stone  into  the  drain  below  (Fig.  341). 
There  are  two  disadvantages  in  tliis  plan.  The  first  is 
that  fine  gravel,  dust,  &c.,  from  the  yards  is  washed  down 
by  the  rain,  or  swept  down  directly  into  the  drains,  and 
b  liable  to  form  deposits  in  them ;  the  second  is  that 

these  openings  become  ventilating-shafts  for  the  drains, 
and  are  in  many  instances,  at  any  rate,  liable  to  cause  a 

nuisance;  nevertheless,  with  badly-constructed  and  im- 
perfect systems  of  drainage-arrangements,  they  have 

very  frequently  proved  a  safeguard,  as  tliey  allow  an 
otherwise  unventilated  drain  to  be  ventilated  outside  the 

house.  More  frequently,  however,  some  kind  of  trap  is 
placed  underneath  the  grating,  or  other  openings  leading 
from  the  surface  of  the  yard  into  the  drain,  llie  trap  that 
is  most  commonly  in  use  for  this  purpose  is  the  worst  of 

all  trapa     It  is  known  as  the  *'  Bell-trap,"  and  consists  of 
an  iron  box,  which  can  be  let  into  a  hole  in  the  pavement  over  a  pipe  leading 
to  the  drain,  and  which  has  a  small  pipe  standing  up  in  it,  and  passing  through 
the  bottom  of  it.  Underneath  the  perforated  covering  of  the  box  is  fixed 

an  iron  cap,  or  bell;  the  water,  of  course,  stands  in  the  box,  when  there  is 
sufficient  water  in  it,  up  to  the  level  of  the  pipe  leading  into  the  drain.     When 

Fi^.  S41. — Untrapped  open* 
ing  into  Drain  in  Area. 
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the  covPT  is  in  itu   pluHS,  Uio  rim  of  the    bell    dips   a  short  distance   into  the 

water  in  the  bqx,  around  the  overBow-pipe,  and  so  any  air  from  the  drain  comiK; 

up  the  Utter  gets    into  the  bell,  but    is    prevented  by  the  water  fawn  pasan^ 

through  the  trap.     Thia  trap  has  very  Berious  disadvantages.      It  always  letiuu;  a 

quantity  of  mnd  or  filth  of  some  kind  in  the  box,  around  the  overflowpipe.    Th" 

Bmall  quantity  of  water  is  frequeutly  reduced  by  evaporation,  so  that  the  bell  no 

longer  dips    into   it    (Fig,  343)    when  the  foul  air 

escapes.     On  account  of  the  small  holes  in  the  eover, 

and  of   the  shape  of  the  trap  itself  water  does  not 

quickly  run  tiirough  it,  especially  w  the  holes  are 

liable  to  be  stopped  np.     So  the  cover  gets  removeJ, 

bell  and  all,  and  a  free  opening  into  the  drain  is  pro- 
duced, and  as  the  cover  is  very  often  not  replaced,  ib» 

advantages  of  the  trap  are  lost ;  this,  too,  is  also  tL? 

case  when,  as  not  infrequently  happens,  tbe  beU  geU 

broken.     In  short,  the  two  fatal  defects  of  this  trap 

»i(  M2  -B*D  tnp  with  «»«  r^    "^i  *''*'  ''■  ooUecta  foul    matters,  and  that  the  trap 

"toS-'^'toS?:;^"!??.'""    it«;lf  is  removed  when  the  cover  is  taken  off 
If  this  is  a  bad  trap  in  areas  and  yards,  it  is  eull 

worse  in  any  position  inside  the  house ;  yet  it  is  not  at  all  infrequent  to  God 

several  of  these  traps  in  the  basement  of  a  large  house,  some  of  them  disused 

for  years,  and  ventilating  Hie  drain  into  the  house.  When  it  was  fonner!; 

the  practice  to  swill  down  sculleries  and  various  o^er  parta  of  the  basemtui 

with  water,  it  was  necessary  to  have  some  entrance,  or  entrances,  into 

the  drain,  for  tliis  water  to  run  away.  These  were  usually  made  direnlf 

into  the  drain,  aiid  " protected"  (t)  with  bell-traps.  The  state  of  things  m 
bad  enough  then,  but  it  has  been  rendered  worse  by  the  practice  of  washing  •O'i 

scraping  basement  floors  instead  of  swilling  them  down,  so  that  these  be!>-tra;s 
become  disused,  often  with  the  worst  results.  It  is  not  at  all  uncommon  to  find  cue 

in  the  floor  of  a  larder  or  dairy ;  still  more  common  to  flnd  one  in  the  floor  under  the 

scullery  sink ;  and  frequently  to  find  one  in  the  kitchen,  under  the  hot-water  Up, 

close  to  the  fire,  where  it  will  be  often  found  quite  dry,  from  the  fact  that  the  tap 

does  not  leak,  and  that  the  heat  of  the  fire  soon  evaporates  the  small  quantity  d 

water  that  is  ever  left  in  the  trap. 

In  a  case  that  recently  came  under  my  notice,  an  outbreak  of  inflammation  <^ 

the  lungs — a  disease  frequently  produced  by  foul  air— was  caused  in  a  scbwl, 

although  the  sanitary  arrangements  of  the  house  had  recently  been  "put  in  o-lei' 
by  the  fout  air  that  camo  in  through  a  dry  bell-trap  under  a  disused  sink  in  tlif 
basement.  It  was  thought,  as  is  generally  the  case,  that  as  the  sink  was  never  W 

there  was  uo  danger  in  it ;  but  the  parts  of  a  house  that  are  never  used  »« 

generally,  from  a  sanitary  point  of  view,  those  from  which  danger  is  most  to  l* 

apprehended. 

The  next  form  of  trap  most  frequently  used  in  such  situations  is  the  "  Lip-tnp'' 
(Fig.  343).  It  consists  of  an  iron  box,  somewhat  similar  to  that  of  the  bell-trap,  ̂ i^ 

t)ie  outlet  at  the  side  instead  of  at  the  bottom — the  outlet  being  guarded  by  aplatt 

of  iron,  that  passes  downwards  from  the  top  of  the  trap  and  dips  in  the  water,  vbi^ 

nf  course  remains  in  the  box  up  to  the  level  of  the  outlet     This  plate  of  iron  gi'* 
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the  trap  its  name.     On  lie  top  of  the  box  there  is  a  pei-forated  iron  gnttiiig 
covering,  to  allow  the  water  to  pa&a  into  the  trap,  and  prevent  Bubstanoea  from 
getting  in  to  stop  it  up.     This  is  not  flo  bad  as  the  bell-trap,  because  the  cover  may 
be  taken  off  or  broken  without  the  trap  itself  being  destroyed ;   but  not  being  a 
self-cleansing  trap,  it  becomes  a  receptacle  for  earth,  diist,  Ac.,  and  also,  as  it  holds 
very  little  water,  this  ia  liable  to  be  dried  up  by  evaporation.     It  is  therefore  a  bad 
form  of  trap,  whether  for  use  in«de  or  outside  of  a 

lioiise.     Very  frequently  with  both  these  traps — the 
liell-trap  and  the  Up-trap^the  iron  box  is  not  fixed 
with   sufficient  tightness  into  the  pavement,  or  the 
cement  aroond  it  has  got  broken  away,  and  then,  if,  aa 
is    very  frequently   the  case,  they  are  merely  placed 
loosely  over  a  hole  leading  into  the  drain,  the  whole 
contrivance  is  worse  than  useless. 

Jnst  as  U-shaped  bends  and  so  called  "Syphon-  Vig.  na.~" Lip-iaa:p.'' 
traps  "  are  now  made  to  fix  in  the  drains  themselves, 
BO  bent  pipes  which  would  hold  water  were  devised  for  connecting  the  neoessary 
gratings  to  carry  off  surface-water  with  the  dnuna.  The  first  of  these  ia 

known  as  the  "  P-trap,"  and  cnnsiats,  simply  of  a  U-shaped  pipe,  with  the 
one  limb  of  the  U  turned  round  horizontaUy,  so  that  it  can  be  connected  with 

the  drain.  The  bent  part  of  the  U  holds  tlie  -water,  which  forms  the  seal  of  the 
wnter-trap,  and  the  vertical  limb  receives  the  water  from  the  surface,  through  a 
grating  fixed  in  the  pavement.  The  S-trap  is  very  similar  to  this,  except  that  the 
limb  which  ia  joined  to  the  drain,  instead  of  being  horizontal,  ia  turned  downwards, 
so  tliat  it  is  parallel  to  the  vertical  piece  through  which  the  water  enters :  it  is,  in 

fact,  like  the  letter  S  placed  aideways^thua  01  As  these  traps,  however,  require  a  . 
brickwork  construction,  or  gully,  built  up  to  the  level  of  the  pavement,  they  are  not 

all  that  could  be  desired,  although  far  superior  to  other  traps  mentioned  before ; ' 
and  now  gullies,  both  with  S  and  F  tiaps  attached,  are  made  all  in  one  piece  of 
stoneware;  they  are  self-cleansing,  afford  a  large  inlet  to  the  drain — in  fact,  aa  large 
as  the  drain  itself — and  any  sediment  that  may  settle  in  them  is  easily  removed  by 
the  band.  They  are  also  made  with  inlet-openings  above  the  level  of  the  water  in 
them,  no  that  waste-pipes  of  various  kinds,  as  mentioned  in  the  preceding  section, 
can  be  taken  into  them  above  the  water. 

Deep  gullies  are  also  made  in  stoneware,  with  a  kind  of  pit  below  the  level  of 
the  outlet,  the  object  being  to  collect  sand,  ia:.,  and  so  prevent  it  from  getting  into 
the  drain ;  and  aometimee  they  are  provided  with  an  iron  bucket,  that  can  be  lifted 
oat  when  it  is  full  of  sand.  Stoneware  gullies  are  also  made  with  the  upper  part 
containing  the  inlet-opening  in  a  separate  piece,  so  that  it  can  be  fixed  to  the  gully 
with  the  opening  in  any  direction  which  may  be  most  convenient ;  these  are  called 
gullies  with  reversible  inlets. 

In  connection  with  the  surface-drainage  of  yards  and  areas,  it  will  be  convenient 
to  consider  the  rain-ioatar  ff utter g  arid  pipes.  Boof  gutters  are  not  infrequently 
made  to  run  through  the  house  fiom  one  side  to  the  other,  especially  from  the  front 
to  the  back,  in  order  to  avoid  having  rain-water  pipes  down  the  front  of  the  house. 
This  ia  a  very  undesirable  plan,  as  such  gutters  cannot  be  made  air-tight,  nor,  as  a 
rale,  is  tiiere  any  attempt  to  make  them  so;  and  as  soot  and  leaves  collect  in  them, 
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Fig.  344.— Open  Bain-wAter  Gutter  under .—Open 
Bod -room  Floor. 

tho  air  that  comes  into  the  houae  through  them  is  not  only  damp,  but  foul  Thej 

are,  moreover,  frequently  left  undeansed  for  years,  and  a  deposit  a  oonple  of  inches 

deep  is  not  infrequently  found  in  them.  Frequently  they  are  passed  through  bed- 
rooms ;  and  I  have  known  several  cases  of  illness,  especially  of  sore  throat,  distinctly 

traceable  to  sleeping  in  rooms  oontaining  rain-water  gutters.    The  gutters,  ther^ore, 
should  always  be  on  the  outside  of  the  house 

where  possible,  and  where  it  is  impossible  to 
place  them  outside  the  house,  at  any  rate  ̂ er 

should  not  pass  through  the  sleeping-rooiss. 
A  lead  pipe  may  sometimes  be  laid  in 

the  gutter  from  end  to  end,  inspaticHi- 
openings  i>rovided  with  brass  caps  and 
screws  being  fixed  at  intervals  on  it 

Kain-water  pipes  themselves,  or  **Dovu 
Pipes,"   as  they  are   frequently  called,  are 

often  earned  through  the  inside  of  the  house,  and  are,  as  a  rule,  made  of  castiron, 

with  joints  more  or  less  imperfectly  sealed.     (Generally  some  kind  of  trap  is  placed 
at  tlic  bottom  of  them,  to  prevent  air  from  the  drain  ascending  them,  but  freqnentlr 
this  is  not  done,  even  when  they  are  inside  the  house ;  and  it  is  not  at  all  an 
uncommon  thing  to  find  a  rain-water  pipe,  that  might  with  perfect  ease  have  been 
placed  outside  the  house,  carried  down  just  inside  the  front  wall,  tiurough  every 
floor,  including  the  best  bed-room,  the  drawing-room,  and  the  library,  into  the  dran 
below.     In  such  houses  cases  of  illness  of  various  kinds  continually  arise,  and  the 
cause   is   often   not  discovered  for  years;  frequently  a  variety  of  other  sanitan 

arrangements  being  put  right,  while  this  very  serious  one  is  overlooked.     WhethtT 

the   pipe  is  trapped   or  not  at  the  bottom  makes  very  little  difference ;  as.  if 
untrapped,  air  from  the  drain  gets  directly  into  it,  while  if  trapped,  it  pas?5 
continually  through  the  water  in  the  trap,  so  that  the  air  in  the  pipe  is  always  fu^ 

of  this  foul  air,  which  is  drawn  thi*ough  defective  joints  into  the  rooms,  even  when 
it  is  not  actually  being  displaced  by  water  coming  down  the  pipe*     Indeed,  if  ̂̂  
pipe  is  untrapped  at  the  bottom,  smd  there  is  an  air-inlet  into  the  drain,  there  is 
less  chance  of  accumulation  of  foul  air  in  it  than  if  it  were  trapped.     But  even 
when  the  pipe  is  outside  the  house  through  its  whole  length,  but  is  connected  wid 
the  drain  below,  foul  air  frequently  gets  into  the  house  from  it,  as  the  head  is  Tinder 
the  eaves  of  the  roof,  and  frequently  in  close  proximity  to  the  top  of  a  windoir; 
or  the  pipe  begins  in  a  gutter  behind  a  parapet  on  to  which  the  attic  windows  look, 
in  either  of  which  cases  the  air  from  the  drain  may  be  blown  in  at  the  windows;  & 

if  the  pipe  is  trapped  at  the  bottom,  the  foul  air  is  displaced  whenever  there  is* 
shower  of  rain,  and  may  find  its  escape  from  the  pipe,  and  enter  the  house  in  (^^ 
same  way.     I  have  known  a  large  number  of  cases  of  diphtheria  and  ulcera£^ 
sore  throat,  and  I  have  reason  to  believe  some  of  typhoid  fever  too,  which  have  bees 
apparently  produced  by  this  cause. 

But  rain-water  pipes  a)re  occasionally  placed  in  worse  positions  than  the^- 
They  not  infrequently  pass  through  a  water-closet  in  the  basement  or  through  tl^ 
dust-bin,  in  which  case  the  foul  air  from  the  closet  or  dust-bin  may  find  its  i^J 
through  a  leaky  joint  into  the  pipe,  and  out  again  into  a  room  farther  up,  or  k^ 
a  balcony  or  conservatory,  connected  by  a  branch  pipe  with  the  one  in  qaestk^ 
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Very  serious  nuisances  are  sometimes  produced  in  this  way.  Again,  it  is  not  at 
all  infreqaent  to  connect  a  water-closet  witli  the  rain-water  pipe,  and  even 
with  a  rain-water  pipe  the  head  of  which  is  not  at  the  top  of  die  bouse,  but 
some  distance  down,  in  immediate  proximity  to  a  bed-room  window.  Of 
course  this  is  most  objectionable.  Bain-water  pipes,  too,  are  not  infrequently 
deliberately  connected  with  the  drain,  and  left  untnipped  at  the  bottom,  with  the 
intention  that  the;  should  act  as  ventilators  for  the  drain ;  but  for  the  reasons 
already  mentioned  this  is  not  a  desirable  plan,  .  , 
unless  they  are  in  positions  where  the  air  that 
escapes  from  them  cannot  enter  any  window, 
wbich  is  not  frequently  the  case.  It  is  even 
not  at  all  infrequent,  as  I  have  already  men- 

tioned, to  find  the  open  head  of  a  rain-water 
pipe  inside  the  house,  the  foot  of  it  being 
connected  with  the  drtun,  and  the  rain-water 
brought  into  it  by  gutters  from  the  roo£ 
Sometimes,  too,  an  open  rain-water  gutter  inside 
a  house  is  connected  with  the  main  soil-pipe, 
a  trap  of  some  kind  being  placed  on  it  just 

before  die  junction,  or  even  without  this  pre- 
caution (Fig.  345). 

Bain-water  pipes,  then,  should  be  outside 
the  house,  and  should  not  be  connected  in  any 
way  with  the  drain  at  the  foot,  but  should 

dischai^  over  the  surface-areas,    or  if  taken 
below  the  pavement,  should  be  connected  with  ̂ j  3».— Saii-p  pe  with  Opm  H«id  insiilo 

the  side  inlets  of  the  surface-gullies.  Both  a™«.  "»i  i£i.B.-™ter  Outur  
di.Bh«gins 

rain-water  pipes  and  gutters  are  sometimes  made 
of  zinc,  but  this  is  too  perishable  a  material,  and  either  lead  or  galvanised  iron 
shoidd  be  used.  Ordinary  cast-iron  requires  to  be  frequently  painted,  in  order  to 
prevent  rust.  Sometimes,  however,  the  rain-water  has  to  be  mllected  in  tanks,  so 
that  the  rain-water  drains  do  not  eater .  the  soil-drains  at  all ;  in  this  case  the 

rain-water  pipes  are  usually  carried  straight  into  four-inch  drains,  which  ai'e  taken 
the  nearest  way  to  the  tank — only  the  water  from  the  roof  being  collected  in 
these,  the  surface-water  from  the  yards,  die,,  being  discharged  through  gulliea 
into  the  soil-drain.  In  this  case  it  is  necessary  that  the  rain-water  tank  should 
be  freely  ventilated,  if  poasiblo  near  the  level  of  the  ground,  and  should  be 
cleaned  out  from  time  to  time,  as  a  sediment  is  apt  to  accumulate  in  it.  If  the 

ventilation  is  inefficient,  foul  air  will  collect  in  the  tank,  and  passing  up  the  rain- 

water pipes,  may  enter  the  house  by  some  of  the  windows.  In  order  to  pi-event 
leaves  from  collecting  in  the  tank,  it  is  also  desirable  to  have  wire  gauze  or 

perfoiat«d  lead  caps  over  Uie  heads  of  the  rain-water  pi]>es,  and  at  the  entrances 
from  the  gutters; 

SOIL-PIPES. 

The  pipes  with  which  the  water-closets  are  connected  are  often  made  of  objection- 
able materials ;  occason^ly,  but  rarely,  they  are  made  of  sine — a  material  which  is 
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vvvy  riMilily  oitchIiiI  liy  foul  nir,  and  the  iise  of  which,  indeed,  for  such  &  porpose  is 

iii)t  ili'fi'iiiiiilv  on  niiy  ;^unds  whatever.  They  are  more  frequently,  however,  made 
eithur  of  iron,  lead,  or  stoneware.  The  diaailvaLitage  of  iron  fipa 

')  for   this   [luqiDse    !;«  that  the  joints  are  not  always  made  secorely ; 
i  and  the  aaiuo  may  be  said  of  stoneware  pipes,  with  the  addition 

I,  that  lis  Ktont'ware  pipes  are  aa  a  rule  only  made  two  feet  long, 

;[■  the  joints  are  much  more  frequent  thao  with  iron  pipes.  When 

li-ail  Ls  usifl  it  is  fretjucntly  too  thin — say  4  or  5 11).  to  the  foot 

inHtcail  of  7  or  8 — this  being  done,  of  course,  to  save  eipens«. 
Seamed  le.id  pipes  are  also  frequently  used,  and  by  some  deliberately 

chosen ;  they  are  miide  by  cutting  a  long  oblong  piece  of  sheet 

leiul,  rolling  it  round  into  the  form  of  a  pipe,  and  soldering  a 

joint  the  whole  length  of  the  pipe,  whence  they  are  named  seamed 

pipes;  but  I  have  frequently  found  that  these  pipes  have  given 

way  at  the  seam,  and  there  are  in  the  Farkes  Museum 

■>^'..  several  s]>ecimens  of  such  pipes  eaten  into  holes  by  foul 
^^:.air  at  the  seam;  so  that  the  drawn  lead  pipe,  which  only 

i-equii-es   to   be  jointed  at   the  ends    (the  joints  afterwards 

^-'  *'^'^*'''irTD'^'     forming  practitailly  part  of  the  pipe — ^and,  indeed,  the  strongest 
ot  fuji.  part — and  not   bebg   merely  jMcked   like    the  joints  of  an 

iron  pi|M!),  is  much  to  be  preferred.     Kevertheleas,  what  are 

c.illcd  "Hlip  joints"  are  sometimes  nsed  on  lead  soil-pipes:   that  is  to  say,  the 
ends  of   the   pipes  are    not   soldered    together,  but  merely  slipped  one   into  :be 

otlicT,  as  is  frciiueutly,  and,  indeed,  uatially,  done  with  lead  rain-water  pipes.     Tiiis 

a;,"!!!!!,    is    most    objectionable    in    soil-  -*- 

pipes,  as  it  provides  a  series  of  insecure 

joints.       Soil-pipes   ore,    of    course,    fi'e- 

qucntly   pliiced    throughout  their  whole 

length     inside    houses,    although     they 

ought,    wherever  it  is   possible,  to    be 

Jixod    entirely  outside,    in    which    case 

galvanised  iron  pijwa  may  be  used  for 

them  instead  of  lead.  They  are  fre- 
quently not  merely  insiile  houses,  but,  like 

rain-water  pijies,   pass   through    rooms, 
and  not  infrequently  through  the  larder 

in   the   basement     They  are  sometimes 

carried  nearly  horizoiitally  from  one  part  ? 

ot    the    bouse    to    another    (Fig.    3i7), 

often  under  a  bed-room   floor,  and  are 

buried  in  walls,  so  that  they  cannot  be    ̂ '^^^ 
got  at  and  examined     Sometimes  they 

are  not  connected  with  the  dram  at  the  foot  at  all,  but  carried  through  the  floor  of 

the  basement,  and  left  to  discharge  tlieii-  contents  at  a  distance  of  five  or  six  inclies 

from  the  mouth  of  the  "junction,"  or  from  a  hole  cut  in  one  of  the  pipes  (Fig.  346). 

Thus  a  Hmall  cesspit  la  formed  under  the  basement  of  the  house.      Sometimes  they 

are  trapped  at  the  foot — and,  indeedj  this  used  generally  to  be  the  practice— hut 
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there  ia  no  advaotage  in  it,  and,  as  a  general  rule,  tliey  are  better  directly  con- 

nected with  the  drain,  provided  that  the  latter  is  ventilated  and  properlj  discon- 
nected before  its  junction  with  the  main  aewer  or  cesspool. 

Soil-pipea  are  not  infrequently  fixed  closed  up  at  the  top :  that  is  to  say,  the 
pipe  begins  at  the  highest  water-closet,  and  is  carried  down 
te  the  drain,  receiving  perhaps  the  branch  pipes  from  one  or 

two  of  the  closets  on  its  way.     In  this  case  it  is,  of  course,  ' 
always  full  of  foul  aii-,  which,  though  the  pipe   ia  niado  of 
lead,  soon  eats  ite  way  tlirough  it  in  numbers  of  places,  and 

afterwards  finds  its  way  continually  into  the  house.     A.  large 
number  of  cases  of  illness  have  been  traced  to  the  existence 

of  these  perforated  soil-pipe&     Such  perfomtions  are  especially 
apt  to  occur  at  the   upper  part  of   the  pipe,  and  above  the 

water-line  in  those  pipes  which  have  been  fixed  nearly  hori- 
zontally.    A  remarkable  specimen  of  this  is  to  be  seen  at  the 

Parkes  Museum,   being  (t  part  of  a  soil-pipe  that  was  found 

underneath  a  bed-room   floor.      It   is  perforated   with   holes 

made  by  the  foul  air  from  end  to  end.     But  when  the  soil- 

pipe  is  not  entirely  closed  at  the  top,  the  means  of  esit  pro- 
vided   for    the    foul    air    is    often   very    inadequate.     Thus,     Fig,  sis.-sniidi  Vtnu- 

4-inch   pipes   being  almost  universally  used    for  soil-pipes,    a       miMt^^'S? 'Stf-'pi'iB 

.1-uich  pii>e  is  not  at  all  infrequently  fi.ved  at  the  top  te  act       wHdowl"*  ""'^"  " 
as  ventilator,  and  carried  above  the  roof.     This  is,  of  couree, 

better  than  nothing,  and  prevents  an   accumulation  of  foul  air  under  pressure ; 

but  nothing  short  of  a  ventilator  the  same  size  as  the  soil-pipe  can  be  considered 
to  be  sufficient;  in  fact,    the   pipe 

itself  sliould  be  carried  on  up  above 

the  roof,  and  left  to  end  wide  open. 

Sometimes    this   ventilating-pipe    is 
made  to  end  too  near  the  windows 

;  (Fig.   348),    in   which    case   the  air 
-.-  from  it  is   liable  to  be   blown  into 

them.     I  have  known  a  2-inch  pipe 

carrietl  from  the  soil-pipe  of  a  closet 
on  the  first  floor   of    a  house,    and 

made  to  end    close  to   the  landing 

window  of  the  nui-sery  floor. 
To  show  the  importance  of  fixing 

soil-pipes  where  tbcy  can,  be  [  seen 
and  got  at,  I  may  mention  a.  case  in 
which   there  was  a  bad   smell   in  a 

Pif.SW.— HHiariTan  Into  yta.  SS0.-8oiljjlEe  ven-      ,       ,        ,,  t       .-l 
SoU-pipo  In  Larder  WaU.  tu&ted  onder  Window,      larder,  the  source  of  which  was  not 

found  out  for  a  long  time,  until  it 

was  observed  that  the  soil-pipe  from  one  of  the  closets,  the  course  of  which  had 
not  been  traced,   must  be    buried   in   the   wall  of  the  larder.     Then,  on  taking 

hold  of   an  old  nail  which  had  been   driven  into  the  wall,  and  on  which  some 

larder-clotbs  were  banging,   it  came  out  with    the    greatest  ease,  and   it  was 
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found  that  it  had  been  driven  into  the  soil-pipe.     This  soil-pipe,  too,  was  unvsh 
tilated  (Fig.  349). 

Fig.  350  ahowB  a  curious  instance  in  which  the  small  ventilator  of  the  soil-pipe 
had  an  open  conical  head  on  it  under  a  windov,  and 

the  waste-pipe  of  the  cLstem  discharged  into  tlii:» 
head 

The  ventilator  of  the  soil-pipe  is  sometimes 
connected  with  a  rain-water  pipe,  the  head  of  which 
is  under  an  attic  window,  and  I  have  seen  the 

waste-pipe  of  a  cistern  supplymg  drinking-water 
connected  with  the  same  rain-water  pipe  (Fig.  351). 

Sometimes  it  is  considered  desirable  to  disconnect 

the  soil-pipe  from  the  drain  at  its  foot,  by  means 
of  some  trap  with  the  air-inlet,  and  a  variety  of  such 
traps  are  in  the  market  In  this  case,  howeTer,  tlie 

di-aiu  has  to  be  ventilated  by  separate  pipes,  and  W 
this  plan  the  number  of  traps  and  also  of  pipes 
about  a  house  is  increased,  without,  I  believe^  any 
corresponding  advantaga  The  more  usoal  pkn 
now  is  to  connect  the  soil-pipea  directly  with  the 
drains  by  means  of  stoneware  bends,  so  that  the  soil- 
pipes  themselves  may  ventilate  the  drains,  and  then 
to  disconnect  the  drains  from  the  main  sewer  or 

cesspool  by  means  of-  a  trap,  with  an  air-inlet  or  a 
ventilating  manhole,  as  has  been  already  described 

under  "  Drainage." 
Such  are  the  common  defects,  as  met  with  in 

practice,  of  drains  and  soil-pipes ;  leading  to  the  re- 
tention and  accumulation  of  offensive  matter  within 

tliem,  and  to  the  escape  of  emanations  from  them  into  the   dwelling-house— a 
condition  only  too  frequently  discovered  when  some  serious  accident  to  health,  or 

Pig.  851.— Bain-water  Pipe 

df  -      -       - 
properly nth  Yen- .ijBConiicct«>d  at  foot  but  with  ven- 

tilator of  Soil-pipe  and  also  Wiutte- 
pipe  of  Ci<itera  connected  with  it. 

oven  life,  has  led  to  a  systematic  search  for  the  cause. 
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CHAPTER   LXXn. 

DBFECTS  IN   INTBRIOB  SANITARY  FITTINOB. 

Water-dcfleti— Defects  of  the  Pan  Closet  and   of   D-traps— Valve   Closets— Plug,  Wash-out,  and 
Hopper  Closets— Bad  Joints— Water^ervice — Sinks— Baths. 

Wateb-clobets  are  very  {requently  placed  in  most  undesirable  positions — some- 

times in  the  centre  part  of  'die  house,  without  any  external  ventilation  at  all,  in 
cramped  positions,  under  staircases  where  proper  ventilation  is  impossible ;  not 

infrequently  in  dressing-rooms  directly  connecting  with  bed-rooms;  sometimes  built 
out  as  little  additions  to  bed -rooms,  with  nothing  but  a  small  wooden  partition  to 
separate  them  from  the  rest  of  the  room;  not  at  all  infrequently,  too,  they  are 

fixed  in  cupboards  in  bed-rooms  with  absolutely  no  ventilation  at  all,  and  are,  in 
fact^  part  of  the  furniture  of  the  room.  Contrivances  of  this  kind  are  found 
most  frequently  in  houses  where  there  is  plenty  of  space  at  hand,  simply  because 

they  are  thought  to  be  convenient.  The  water-closets  in  the  basement  are  too 
frequently  placed  in  most  improper  situations — at  the  end  of  dark  passages  without 
any  ventilation,  or  opening  directly  out  of  the  pantry,  the  sculleiy,  or,  still  worse, 
the  larder.  The  water-closets  in  the  basement  should  always — where  it  is  not 

absolutely  impossible — be  out  of  doors  ;  so  should  the  ground-floor  closet  or  closets 
where  this  is  practicable ;  and  the  upstairs  closets  should  be  separated  by  ventilated 
lobbies  from  the  rest  of  the  house.  If  the  positions  in  which  water-closets  are 
placed  are  often  bad,  many  of  the  forms  of  apparatus  used  are  often  at  their  best 
veiy  unsanitary  appliance& 

PAN    CLOSETS. 

Tho  worst  form  of  all  is  tho  one  which  is  most  commonly  used,  cspooially  for  up- 

stairs closets.  It  is  known  as  the  "Pan  Olosot"  (sec  pat^e  140),  and  its  construction 
is  as  follows  : — Below  the  conical  cliina  basin  is  placed  the 

"pan,"  a  movable  vessel,  something  like  a  bowl,  made  of 
tinned  copper,  and  capable  of  being  swung  to  and  fro  in 

a  large  box,  generally  made  of  iron,  called  the  "container" 
— the  lower  part  of  the  conical  basin  being  fixed  in  a  hole 
in  the  top  of  this  container.  At  tlie  bottom  of  the  con- 

tainer is  a  3-inch  outlet-pipe,  which  is  usually  connected 
vith  a  trap  of  some  kind  or  other,  placed  beneath  the 
floor — the  outlet-pipe  from  this  trap  being  connected  with 
the  soil-pipe.  From  this  construction  it  will  be  seen  that 
when  the  pan  is  in  its  place  beneath  the  basin,  and  full  of 
Water,  the  lower  end  of  the  basin  dips  into  the  water,  and 
so  forms  a  water-seal  between  the  container  and  the  room  in 

which  the  closet  is,  and  when,  by  means  of  a  pull-up  apparatus  or  other  such  device, 
the  pan  is  removed  from  below  the  ba.sin,  its  contents  are  thrown  into  the  container, 

Fiff.  3'52.— Pan  Closet  with  Fonl 
Air  esonpinp  from  Cont:»inor 
byVontilatinyr-opouiiig.  Waste of  Safe  iuto  D-trap. 
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and  from  it  into  the  trap  below.  During  this  process  a  certain  amount  of  splashing  of 
the  inside  of  the  container  takes  place,  and  so  this  becomes  after  a  time  lined  with 
a  foul  deiK)sit  Tlius  the  air  in  the  container  is  kept  continually  foul,  and  erery 
time  that  the  handle  of  tlie  closet  is  worked  some  of  this  foul  air  is  displaced  by  the 

pan  and  forced  into  the  room.  Several  devices  have  been  resorted  to  in  order  to 
obviate  this  evil  Tlie  first,  and  most  common,  is  that  of  ventilating  the  container, 

which  is  often  att<»mpted  to  be  done,  but  is,  of  course,  done  veiy  imperfectly  indeed, 
by  boring  a  hole  in  the  top  of  it,  connecting  a  small  pipe  to  this,  and  carrying  the 
same  through  the  wall  of  the  house  into  the  open  air.  This,  of  course,  prevents  any 
accumulation  of  foul  air  underpressure  in  it,  but  does  not  cause  a  current  of  air,  and 
with  this  object  occasionally  two  such  pipes  are  fixed.  I  have  seen  several  instances 

where  pan  closets — the  containers  of  which  had  holes  bored  in  them  for  Tentilating- 
pipes — had  been  fixed  in  houses  without  any  ventilating-pipes  being  attached  to  these 
containers,  and  in  one  instance  this  was  done  in  all  the  water-closets  in  the  house, 

one  of  them  opening  directly  out  of  the  best  bed-room,  the  result  being  an  outbreak 
of  diarrhoea  in  the  house.  In  such  cases,  when  the  handle  of  the  closet  is  pulled  up 
the  foul  air  is  forced  out  of  the  container,  through  the  small  hole  in  it,  into  the  space 
under  the  closet-seat,  with  a  rush  that  will  blow  out  a  candle  (Fig.  352).  It  has 
been  proposed  to  flush  the  inside  of  the  container  by  means  of  a  series  of  jets  of 

water  supplied  by  a  pipe  connected  with  tlie  supply-pipe  to  the  closets,  so  that  each 
time  that  the  handle  is  raised  the  inside  of  the  container  is  washed.  Some  pan 

closets  are  also  made  with  stoneware  containers,  presenting  smooth  surfaces  inside, 
and  so  less  liable  to  become  coated  with  the  foul  matters  that  are  splashed  upon 
them.  But  these  are  only  very  partial  remedies  for  the  evils  of  the  container.  The 

trap  generally,  indeed  almost  universally,  fixed  beneath  the  container  of  die  pan 

clos('t  is  that  known  as  the  D-trap;  so  called  from  its  being  shaped  like  the  letter  O 
(see  Figs.  73  and  352).  The  inlet-pipe  which  is  connected  to  the  container  of  tlie 
closet  passes  down  into  the  trap,  and  dips  into  the  water  contained  in  it,  which  of 
course  stands  at  the  level  of  the  outlet-pipe,  this  being  placed  at  the  upper  part 
of  one  end  of  the  trap.  It  will  be  seen  from  this  description,  and  from  the  diagram, 
that  this  is  a  trap  which  can  never  be  properly  flushed  by  the  water  that  passes 
through  it,  and  thus  foul  matters  collect  in  it,  coat  the  sides  of  it,  and,  decomposing 
keep  the  water  in  it  and  the  air  in  the  container  above  it  always  fouL  This  is, 
therefore,  a  very  bad  form  of  trap,  and  should  never  be  used  in  closets  or  anywhere 

else;  indeed,  its  use  is  now  condemned,  and  very  properly  so,  by  the  model  by-lavs 
of  the  Local  Government  Board. 

D-traps,  even  when  made  of  stout  lead,  are  very  frequently  eaten  through  by 
the  foul  air  in  them,  especially  if  they  are  not  ventilated,  and  the  foul  air  then 
escapes  into  the  house.  Sometimes  D-traps  are  made  of  very  thin  lead,  and,  not 

only  so,  in  one  instance  I  found  a  D-trap  under  a  water-closet  made  of  zinc, 

with  a  zinc  soil-pipe  leading  from  it  into  an  iron  pipe  which  was  connected  by  a 
4-inch  stoneware  drain  with  an  unventilated  cesspool.  The  safe-tray  was  made 

of  zinc,  with  a  zinc  waste-pipe  discharging  into  the  trap ;  the  waste-pipe  of  the 

housemaid's  sink  was  also  made  of  zinc,  and  discharged  into  the  zinc  D-trap  of  the 
closet ;  and  the  lead  waste-pipe  of  the  cistern  over,  which  supplied  both  closet  and 

sink,  also  discharged  into  the  D-trap  of  the  closet.  The  top  of  this  trap  was  riddled 
with  holes  made  by  the  foul  air.     The  result  of  this  state  of  things  (which  led  to 
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its  discovery)  was  an  outbreak  of  sore  throats  for  a  second  time  in  the  house.  The 

trap  and  the  pipes  connected  with'  it  are  now  in  the  Parkes  Museum  of  Hygiene. 
The  pan  closet,  then,  and  the  D-trap,  whether  separately  or  together,  are 

nuisances,  being  constructed  on  bad  principles.  They  should  never  be  fixed  on  any 
account,  and  should  always  be  removed  wherever  they  are  found. 

A  lead  tray,  called  the  "safe-tray,"  is  usually  fixed  under  the  water-closet 
apparatus,  to  catch  any  overflow  or  leakage  ;  alid  its  waste-pipe  is  frequently  taken 
into  the  trap  of  the  water-closet,  and  forms  an  additional  channel  for  foul  air  to 
enter  the  house ;  it  should  be  carried  through  an  external  wall,  and  have  a  brass 

flapper  on  its  end  to  prevent  draughts  coming  in  through  it. 

VALVE    CLOSETS. 

Tlie  various  forms  of  valve  closet  (see  Fig.  74)  are  also  very  largely  in  use,  and  are 
all  of  them  far  superior  to  the  pan  closet  just  described.  In  them  the  basin  is  usually 

made  bowl-shaped  instead  of  conical,  and  the  outlet  at  the  lowest  part  of  the  basin 
is  fitted  with  a  water-tight  valve,  which  can  be  moved  to  and  fro  in  a  small  box, 
called  the  valve-box,  or  conductor,  by  means  of  an  apparatus  connected  with  the  handle 
of  the  closet.  From  the  valve-box,  or  conductor,  an  outlet-pipe  passes  into  the  trap 
below.  As  the  valve  fits  water-tight  to  the  bottom  of  the  basin,  an  overflow-pipe 
is  usually  provided  for  the  basin  to  carry  away  any  excess  of  water  that  may 
Ije  thrown  into  it,  or  may  trickle  through  a  leaky  valve  in  the  cistern  or  on 

the  supply-pipe.  This  overflow-pipe  generally  has  a  small  U-shaped  bend  on 
it,  and  is  then  connected  with  the  side  of  the  valve-box,  or  conductor — ^the  result 
being  that  in  many  of  these  closets  the  water  is  drawn  out  of  the  bend  in  the 
pipe,  or  it  is  unsyphoned  whenever  the  large  body  of  water  in  the  basin  is,  by 
the  pulling  up  of  the  handles,  and  the  removal  of  the  valve  from  the  bottom 

of  the  basin,  allowed  to  fall  through  the  valve-box  into  the  trap  below.  Thus 
the  trap  on  the  overflow-pipe  is  left  unsealed,  and  foul  air  may  pass  through 
the  valve-box  into  the  room  of  the  closet 

The  trap  of  this  overflow-pipe  may  also  get  full  of  foul  water,  which  deposits 
a  sediment  on  the  side  of  the  tr^^p,  and  so  causes  it  to  produce  an  unpleasant  smelL 

This  is  especially  the  case  when  the  overflow-pipe  opens  into  the  valve-box  in  front 
of  the  valve  instead  of  beliind  it,  as  then  foul  matters  are  projected  into  it  when 
the  handle  of  the  closet  is  pulled  up. 

The  overflow-pipe,  then,  should  discharge  into  the  valve-box  behind  the  closet- 
valve,  so  that  the  latter  guards  it  when  the  handle  of  the  closet  is  pulled  up, 

and  the  contents  of  the  basin  are  discharged  through  the  valve-box. 
There  are  several  methods  for  preventing  the  overflow  being  untrapped.  One 

is  to  attach  a  ventilating-pipe  to  the  valve-box,  and  carry  it  out  through  the 
wall  into  the  open  air ;  another  to  attach  a  small  branch  pipe  to  the  pipe  which 
supplies  the  basin,  and  which  is  called  the  service-pipe,  and  to  connect  the 
branch  pipe  with  the  overflow  just  above  its  bend,  so  that  the  latter  is  supplied  with 
water  every  time  that  the  handle  is  pulled  up,  while  the  basin  is  being  refilled ; 
and  another  pl^  is  to  disconnect  the  overflow  from  the  valve-box  altogether, 
and  either  carry  it  out  separately  into  the  open  air,  or  make  it  discharge  into 

the  **  safe."     Or  the  overflow-pipe  may  be  dispensed  with  altogether,  and  the  basin 
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allowed  to  overflow  at  the  top  into  the  safe-tray.  Of  course,  by  this  plan 
any  overflow  is  more  certainly  discovered  than  by  any  other ;  bat  the  appar&tm 
under  the  seat  is  liable  to  be  rusted  by  the  flow  of  water,  and  eq^eciallj  o! 
foul  water,  over  it  Where  this  plan  is  adopted  the  basin  should  have  a  lip  to 

direct  the  overflowing  water  into  the  safe-tray  without  allowing  it  to  ran  down  the 

apparstua 
SOLID  PLUG  CLOSETS. 

There  are  various  kinds  of  water-closets  with  solid  plugs  lifted  by  the  handle 
directly  by  means  of  a  straight  rod.  In  these  closets  the  outlet  is  necesssiilj 
at  the  side,  and  is  not  seen ;  it  is  liable  to  become  foul  by  foul  matters  being  caught 
by  the  plug  in  descending,  and  so  a  foul  smell  is  sometimes  observed  in  these 
closets,  usually  coming  through  the  hole  in  which  the  rod  of  the  handle  moves, 
and  this  is  especially  the  case  where  there  is  a  trapped  overflow  connected  vith 

the  trap  or  soil-pipe  below  the  plug. 
These  closets  and  some  others  are  occasionally  fixed  without  any  water-trap 

beyond  that  provided  by  the  water-seal  in  the  basin;  but  this  is  a  plan  not 
to  be  recommended,  as  an  updraught  from  the  soil-pipe  may  take  place  into  the 
closet  when  the  handle  is  pulled  up,  and  may  go  on  for  a  considerable  time  if, 
as  is  sometimes  the  case,  the  handle  is  fastened  up.  I  believe  that  no  precautions 
are  sufficient  to  prevent  this,  and  I  have  frequently  noticed  a  foul  smell  from 

the  soil-pipe  in  closets  so  constructed. 

WASH-OUT  CLOSETS. 

There  are  several  patterns  of  what  are  called  ̂ *  wash-out "  closets  now  in 
the  market  (see  Fig.  79,  &c.),  the  object  of  which  is  to  provide  a  simple  and  cheaf* 
closet  without  any  valve,  but  still  holding  water  in  the  basin.  Most  of  these 
closets,  however,  require  a  considerable  quantity  of  water  to  flush  out  the  contents 
of  the  basin,  and  to  keep  the  trap  dear ;  and  the  depth  of  water  in  the  basin 
is  too  shallow  to  be  of  much  service,  so  that  in  practice  it  is  found  that,  as  a  rule, 
they  do  not  keep  clean. 

The  outlet  in  these  closets  is  necessarily  at  the  back  or  side,  and  not  at  the 
bottom  of  the  basin,  which  latter  is,  in  my  opinion,  the  proper  place  for  the 
outlet  of  a  closet-basin. 

HOPPER    CLOSETS. 

We  now  come  to  hopper  closets.  The  common  hopper  closet  vdth  a  conical 

basin,  stoneware  syphon-trap,  and  inlet-arm  for  the  water-service  (see  Eig.  263), 
has  several  serious  defects  besides  the  obvious  one  that  the  water  does  not  stand 

Up  in  the  basin. 
In  the  first  place  the  shape  of  the  basin  is  bad,  and  this  has  been  obviated  in 

the  improved  forms  of  hopper,  by  making  the  back  of  the  basin  more  vertical  than 
the  front.  The  inlet^rm  being  at  the  side  of  the  basin  causes  the  water  to  whirl  round 
and  round  the  basin,  a  motion  by  which  neither  is  the  basin  kept  dean  nor  the  trap 
swept  out ;  and  this  is  prevented  in  the  newer  forms  by  providing  the  basin  with  a 

flushing-rim  from  which  the  water  faHa  straight  down,  the  sides  of  the  basin  all 
round,  collecting  in  the  trap  and  cleansing  it  out  efiectually  (see  Fig.  77). 
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THE    JOINT    WITH    THE    SOIL-PIPE. 

Whatever  kind  of  water-closet  is  adopted,  a  serious  danger  arises  if  the  trap  under 
it  is  badly  jointed  to  the  soil-pipe,  as,  in  that  case,  drain-air  passes  directly  into  the 
house.  For  this  reason  the  trap  for  an  upstairs  water-closet  should  be  part  of  the 
soil-pipe,  and  for  a  basement  water-closet  part  of  the  drain,  and  not,  especially  in  an 
upstairs  water-closet,  part  of  the  closet-apparatus;  the  joint  which  is  most  likely  to 
give  way  should  be  between  the  water-closet  apparatus  and  the  trap,  and  not 
l)etween  the  trap  and  the  soil-pipe  or  draim.  The  trap  for  an  upstairs  water-closet 
should  be  one  of  the  forms  of  lead  syphon-trap,  and  for  basement  water-closets  a 
stoneware  syphon-trap. 

Unventilated  syphon-traps  are  more  readily  unsealed  than  D-traps  are,  so  the 
arm  of  each  water-closet  requires  a  separate  ventilating-pipe  starting  close  to  the 
trap  and  carried  into  a  small  pipe  outside  the  house,  ending  wide  open  out  of 

the  way  of  the  windows.  The  "  V-dip  "  trap,  and  the  smaller  "  Anti-O  "  trap  have 
l^een  devised  to  obviate  this  tendency  of  syphon- traps  to  be  unsealed,  especially  where 
there  are  several  water-closets  one  above  another  discharging  into  the  same  soil-pipe. 

I  have  not  considered  it  necessary  to  describe  the  great  variety  of  water-closets 
now  in  the  market  in  detail,  but  merely  to  point  out  the  leading  features,  and 

especially  the  defects,  of  the  classes  of  water-closets  in  most  general  use. 

WATER-SERVICE  TO   WATER-CLOSETS. 

When  water-closets  are  supplied  directly  from  cisterns  also  supplying  drinking- 
water,  the  danger  which  arises  is  greater  or  less,  according  to  the  mode  in  wliich  the 

water-closet  is  supplied.     The  danger  is  great  if  the  closet  is  merely  supplied  by  a 
pipe  from  the  cistern  direct  to  the  basin  of  the  closet,  with  a 

tap  on  it^  as  if   this  tap  is  left  open  the  water  will  all  run 

out  of  the  cistern,  and  foul  aii*  from  the  basin  of  the  water- 
closet  may,  and  very  likely  will,  be  drawn  into  it  from  the 
open  pipe  (see  Fig.  353).     But  this  is  a  most  reprehensible 

plan  of  supplying  water-closets,  and  should  be  altered  wherever 
it  is  found. 

Tho  danger  of  this  plan  is  still  greater  if  the  water-closet  is 
supplied,  ajs  it  ought  not  to  be,  direct  from  the  rising  main,  as 
then,  when  the  water  is  turned  off,  if  the  tap  in  the  service-pipe 
to  the  closet  has  been  left  open^  foul  air  and  even  solid  and 
liquid  filth  may  be  drawn  from  the  basin  of  the  closet  into 
the  water-pipes,  to  be  washed  into  the  cisterns  the  next  time 
that  the  water  is  turned  on.  Epidemics  of  typhoid  fever  have 
been  traced  to  this  method  of  pollution  of  the  drinking-water. 

Danger  also  arises  if  the  water-closet  is  supplied  by  means 
of  a  spindle  valve  in  the  closet,  which  is  lifted  by  means  of 
crank  and  wires  when  the  handle  of  the  closet  is  pulled  up, 
as  in  this  case  a  little  filthy  water  is  squirted  from  the 

ventilating-pipe  of  the  valve-box  into  the  water  of  the  cistern  eaeh  time  that  the 
handle  of  the  closet  is  pulled  up. 

SI 

!•!«.  S5S.— Waternrapply 
obrect  from  Cistern, 
and  Water  thereby 
contaminated. 
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There  is  another  olijection  to  this  plan  of  supplying  the  closet  with  water,  even 

if  the  cistern  does  not  supply  drinking-water ;  and  that  is,  the  time  that  the  waur 
takes  to  flow  from  the  cistern  into  the  l>asin  of  the  closet,  which  necessitate  the 

hol<liu>^  up  of  the  hnudle  for  a  longer  or  sliorter  time,  according  to  the  length  of  th** 
pi|»e  that  the  water  has  to  descend. 

Whfii  the  tlos<'t  is  supplied  by  means  of  a  valve  fixed  under  the  seat  of  Uif 

closet  so  that  the  service  pi})e  fix)m  the  cistern  tothe  A'alve  is  always  full  of  wat^-r. 
the  chaue<'  of  coutamiuation  of  the  water  in  the  cistern  is  almast  nothing;  hut  it  is 
still  oonceivaMe  that  the  handle  of  the  closet  might  l>e  fixed  up  so  that  tbcMalvf 

remained  o|km»,  a'ld  tijen  when  all  the  water  ran  out  of  the  cistern  air  from  the 
basin  of  the  closet  might  pass  up  into  the  cistern.  Even  with  this  precaution,  therptVn. 

(which  is  generally  considere<l  to  amount  to  perfect  safety)  it  is  not  adusalJf  (" 

supply  water  closets  from  a  cistern  also  supplying  a  draw-off  tap,  and  the  plea  that 
the  drinking-water  is  drawn  from  some  other  tap  must  not  be  allowed.  The  pit^r 
plan  is  to  consider  that  every  tap  from  which  water  can  be  drawn  is  a  driakirii: 
water  tap,  for  it  sometimes  will  be  so. 

When  water-closets  are  found  to  be  connected  with  the  drinking-water  cistenii, 
they  may  \te  frequently  disconnected  by  giving  the  actual  supply  through  siii:^!. 

subsidiary  cisterns,  or  of  water- waste-preventing  cisterns  supplied  by  the  pipe  whid 
conies  from  the  drinking-water  cistern.  But  unless  the  closets  are  supplied  vith  a 
regulator- valve  under  the  seat  the  common  forms  of  these  waste-preventers  do  net 
give  a  sufficient  flush,  and  should  be  discaixled  for  the  new  syphon-action  water 

waste-preventers,  of  which  there  are  several  kinds  in  the  market,  which  dischar^' 
the  whole  of  their  contents  when  the  handle  of  the  closet  is  pulled. 

The  service  i)ipes  of  water  closets  are  often  |  inch  in  diameter,  which  is  not 

sufficient  to  produce  a  proi>er  flush  so  as  to  keep  the  basin  clean ;  they  shouiil 
always  be  larger  than  this,  and  the  size  must  be  regulated  by  the  height 
from  which  the  water  comes. 

URINALS. 

Like  water-closets,  urinals  are  often  placed  in  most  objectionable  situations,  ai^l 

are  improperly  Hushed  with  water.  They  should  not  be  allowed,  and  are  D'-t 
necessary  inside  private  houses  at  all,  although  it  is  necessary  in  large  houses  to 
have  them  outside.  They  are  always  liable  to  become  a  nuisance,  but  wheo 
unt rapped,  as  is  sometimes  the  case,  they  cause  a  very  serious  one. 

SLOP-SINKS. 

Slop-sinks  also  invariably  cause  a  nuisance  in  the  house  when  they  are  nc-t 
flushed  with  a  large  quantity  of  water,  and  in  houses  of  modeitite  size  it  ishett*. 

not  to  have  slop-sinks  at  all,  but  to  have  the  slops  thrown  dow^l  the  water-eW^ 
the  seat  of  the  closet  being  made  to  lift  like  the  lid  so  that  the  slops  will  not  l» 

thrown  over  it.  This  arrangement  offers  the  additional  advantage  that  the  cloiSrt- 
apparatus  can  be  examined  at  any  time,  and  the  safe-tray  cleaned  out  if  necessan 
It  is  very  imix)rtant  that  this  should  be  done  from  time  to  time,  as,  if  foul  wattr 

remains  in  the  safe-tray,  it  produces  an  unpleasant  smell  in  the  closet,  and  althoui.+. 
all  the  water  may  run  out  of  the  safe  by  the  waste-pijie  if  the  latter  is  at  the  Ic^^^ 

1 
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part  of  the  safe  (which  is  unfortunately  not  always  the  case),  the  tray  is  left  damp 
with  the  foul  water,  and  a  sediment  Ib  left  on  it  which  soon  decomposes  and 
smelb  badly. 

Another  plan  for  obviating  this  difficulty  is  to  have  a  water-closet  and  slop-sink 
combined,  and  a  basin  is  now  made  by  Messrs.  Dent  and  Hellyer  with  this  object. 
In  this  there  is  a  china  tray  around  the  basin  of  the  closet  and  immediately  under 
the  seat,  so  that  when  slops  are  thrown  into  it  they  cannot  run  over  into  the  gufe, 

being  caught  by  the  china  tray,  which  alopes  gradually  into  th«  basin  of  the  closet 

housemaids'  sinks  and  pantry  sinks. 

The  waste-pipes  of  housemaids'  sinks  are  very  frequently  found  to  be  connected 
with  the  trap  of  the  nearest  water-closet,  or  they  have  a  trap  on  them  and  are  then 

connected-  with  the  soil-pipe,  or  they  are  taken  straight  down  through  the  house 
into  the  drain. 

The  waste-pipes  of  pantry  and  other  basement  sinks  are  frequently  connected 
with  the  drain  or  with  aii  un ventilated  trap  (Fig.  331). 

All  these  methods  are  most  objectionable ;  the  wastes  of  sinks  should  on  no 

account  be  directly  connected  with  any  part  of  the  closet-apparatus  or  drain,  but 
should  l>e  taken  through  the  wall  of  the  house,  either  into  the  open  head  of  a  pipe 

discharging  over  a  gully  below  or  into  it  above  the  water-line,  or  into  a  pipe  whicji 
is  carried  up  above  the  roof  as  ventilator.  Although  the  waste-pipes  of  the  sinks 
are  thus  disconnected  from  the  drains,  they  still  require  to  be  trapped,  or  otherwise 
air  will  come  into  the  house  through  them,  especially  when  the  windows  are  shut ; 

and  the  waste-pipes  of  sinks,  especially  when  of  considerable  length,  as  they  some- 
times must  be,  being  more  or  less  foul  inside,  are  not  proper  conduits  to  act  as  inlet' 

ventilators  for  the  house  :  the  air  that  comes  in  through  them  cannot  be  sweet. 

But  under  these  circumstances  D-traps  should  not  be  used,  as  I  have  very  frequently 
had  to  remove  them  from  under  sinks  and  lavatory  basins  on  account  of  the 
nuisance  caused  by  the  accumulation  of  soapsuds  and  dirty  water  which  they 

contain ;  cast^lead  syphon-traps  with  cap  and  screw,  of  the  same  size  as  the  waste- 
pipe,  should  be  used. 

Bell-traps,  too,  are  often  found  upon  sinks,  the  waste-pipes  being  generally  in 
this  ca.se  carried  into  the  water-closet  trap,  or  trapped  again  below  the  floor ;  but  it 
is  not  at  all  infrequent  to  find,  especially  in  the  basement  of  the  house,  that  the 

Wll-trap  in  the  sink  is  its  only  trap,  and  that  as  soon  as  it  is  removed  foul  air  from 
the  drain  rushes  into  the  house,  often  with  sufficient  force  to  blow  out  a  candle. 

Sometimes  when  this  is  discovered,  the  waste-pipe  is  disconnected  from  the  drain 
or  water-closet  apparatus  and  carried  outside,  while  the  bell-trap  is  left  in  the  sink. 
This  should  not  be  done ;  as  the  bell-trap,  for  the  reasons  already  described,  if.  a  bad 

form  of  trap,  and  it  should  be  replaced  by  a  plain  brass  grating  with  syphon-trap 

fixed  under  the  sink,  or  in  some  cases  by  a  trap  known  as  the  "Antill"  trap 
(Fig.  254). 

SCULLERY   SINK. 

A  Special  diffi<nilty  occurs  in  the  case  of  the  scullery  sink,  from  the  large  amount 

of  p-ease  and  saTt4  that  is  discharged  down  it.     Any  kind  of  receptacle  for  thi.s 
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grease  and  sand,  if  placed  inside  the  house,  may  cause  a  serious  nuisance ;  and,  if 
placed  outside  the  house,  is  very  little  l>etter.  For  small  houses,  especially  when 
the  drain  has  a  good  fall,  I  believe  nothing  of  ihe  kind  is  necessary,  the  &t  &nd 

sand  collecting  sufficiently  in  the  gully  into  which  the  waste-pipe  is  discharge 
which  has  to  be  cleaned  out  from  tinie  to  time  and,  if  it  be  thought  desirable,  i 

gully  with  a  lifting  bucket  in  it  (such  as  ''Dean's"  trap,  Fig.  256),  imk 
used  for  the  purpose  of  collecting  the  sand ;  but  in  large  houses  a  receiTer  d 
some  sort  (Figs.  258,  259,  2G0)  is,  in  the  majority  of  instances,  bound  to  be  a 
necessary  evil,  as  the  amount  of  grease  that  is  thrown  down  the  sculleiy  sink  is  so 
great  that  it  clogs  up  the  pipes  in  a  very  short  time,  and  I  have  frequent!?  sc^n 
pipes  taken  up  completely  choked  up  with  a  mixture  of  grease  and  sand.  This  b 

especially  the  case  where  the  scullery  sink  is  not,  as  it  ought  to  be,  against  an  n- 
tt^mal  wall,  so  that  the  di*ain  from  the  waste-pipe  runs  underground  some  litt!^ 
distance  l>efore  it  can  l)e  disconnected  by  means  of  a  gully  in  the  yani  h  tliis 
case  the  grease  gets  congealed  around  the  sides  of  the  pipe,  and  very  soon  chokd 
it  up. 

BATHS. 

The  same  must  be  said  of  the  waste-pipes  of  baths,  which  require  to  he  treatri 
in  the  same  maimer ;  but  with  baths  there  is  an  additional  warning :  there  i 
usually  a  safe-tray  of  lead  or  zinc  underneath  the  bath  to  catch  any  leakage  bm 
the  cocks,  or  from  any  defect  in  the  bath.  The  waste-pipe  of  this  safe-tray  is  ̂ 

frequently  taken  into  the  closet-trap;  it  ought  to  be  carried  through  tiievillti 
end  in  the  open  air,  with  a  brass  flapper  on  its  end  to  prevent  drau^ts  cm^ 

up  it. 

Sometimes  the  water  is  supplied  to  the  bath  for  a  certain  distance  through  t:-» 

waste-pipe,  so  that  the  clean  water  comes  in  at  the  same  place  that  the  dirty  73*' 
goes  out.  This  is  a  bad  plan,  as  the  clean  water  in  coming  into  the  ba^  ̂'Hi.- 

back  with  it  the  dirtiest  part  of  the  water  that  was  last  used — ie.,  the  part  at- 
taining the  sediment  at  the  bottom  of  the  bath. 

The  waste-pipes  of  baths  are  often  too  small,  the  result  of  which  is  tbt  :ii' 

bath  empties  very  slowly,  and  that  the  flushing-power  that  the  bath-water  ougli'  •' 
exercise  upon  the  drain  is  frittered  away. 

The  waste-pipes  of  baths  should  be  1|^  or  2  in.  pipes,  and  should  discliarge  :i'' 
open  heads  of  pipes  disconnected  at  the  bottom  in  the  same  manner  as  descriM^f 
the  waste-pipes  of  sinks. 

CHANNELS  FOR  FOUL   AIR. 

Foul  air  often  travels  about  houses  by  most  unexpected  channels.  Bat-r^ 
have  already  been  mentioned ;  but  besides  these  it  travels  under  floors,  b^^ 

panelling  and  wainscoting,  along  ventilating-shafts,  through  defective  flues,  ̂ ' 
even  thix)ugh  the  tubes  in  which  bell-wires  are  carried,  through  which  foul  a:^ 
from  the  basement,  and  still  more  frequently  the  products  of  the  combiisti'^ 
gas-burners,  often  ascend  into  rooms  upstairs. 
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CHAPTER  LXXIII. 

MODIFICATIONS  OF  THE  OLD  SYSTEM. 

it  J  for  Dry  Methoda—Midden  System— Nottingham  Midden— Hull  Midden— Model  MiddeA. 

It  is  now  necessai*y  to  turn  our  attention  to  the  treatment  of  refuse  matter  in 
houses  where  there  is  no  water-carriage  system,  and  where  we  are  therefore  obliged 
to  depend  upon  the  removal  by  hand  of  the  material  caused  by  the  presence  of  life. 
How  this  may  best  be  done  is  a  very  wide  subject,  and  one  which  has  the  most 
intimate  relation  with  health. 

i  With  the  water-carriage  system  we  are  able  by  a  flush  of  water  to  remove  at 
once  fix)m  the  precincts  of  the  house  matter  which,  from  the  beginning,  is  offensive, 
and  which  tends  to  become  more  so  the  longer  it  is  retained,  unless  special  precautions 

be  taken,  and  in  almost  all  towns,  for,  at  any  rate,  some  of  the  better-class  houses, 
this  system  is  provided,  but  the  great  bulk  of  a  population  is  often  obliged  to 
adopt  some  other  method  for  the  disposal  of  its  waste,  and  this  method  necessarily 
includes  the  retention  of  effete  matter  for  a  varying  time  upon  the  premises.  So, 

again,  in  rural  districts,  the  same  provision  must  frequently  be  made,  and, 
if  considerations  for  health  are  to  guide  us,  it  becomes  our  duty  to  learn  how,  in 
our  mode  of  dealing  with  it  and  in  the  choice  of  the  form  and  kind  of  apparatus 
to  be  used,  we  may  render  it  less  prejudicial  than  it  would  otherwise  be.  To  a  very 

considerable  extent,  especially  in  large  towns,  the  house-owner  is  not  free  to 
select  that  method  which  may  best  accord  with  his  own  wishes;  he  is 
dependent  upon  the  requirements  of  the  sanitary  authority  in  whose  district 
his  house  is  situated;  and  inasmuch  as  he  is  unable  himself  to  imdertake 

the  removal  of  the  waste  from  his  house,  he  is  compelled  to  rely  upon  this 

authority  for  such  service,  and  is  obliged  therefore  to  make  such  arrangements 
as  they  may  deem  to  be  requisite.  Thus,  if  the  removal  take  place  at  frequent 
intervals,  he  will  require  less  room  for  storage  than  if  these  intervals  be  longer,  and 

he  must  therefore  adapt  the  planning  of  certain  parts  of  his  house  to  this  end. 
So,  again,  the  sanitary  authorities  themselves  may  not  be  altogether  free  agents  in 
this  matter;  they  must  in  some  degree  consider  other  questions  than  those  which  are 

related  to  health  alone.  In  the  choice  between  one  method  of  consorvancy  and  an- 
other they  are  naturally  influenced  by  considerations  of  economy.  They  have  in  their 

turn  to  decide  as  to  what  shall  be  done  with  the  refuse  they  have  removed.  In 
towns  surrounded  by  a  large  agricultural  area  it  may  easily  be  disposed  of  for  the 

purpose  of  manure,  and  the  authorities  may  have  no  difliciilty  in  selling  or 
giving  it  to  farmers,  who  will  gladly  use  it  upon  their  lands ;  in  other  towns,  where 

farming  operations  are  not  carried  on  in  the  vicinity,  this  opportunity  may  not 
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exist,  and  tlie  only  alternative  which  may  then  present  itself  is  the  manuLicture  of 

tlie  refuse  into  a  material  capable  of  being  preserved  or  conveyed  in  a  dry  form  to 

other  i)arts  of  the  country.     But  the  need  of  adopting  a  course  such  as  this  in  turn 

comi)el8  the  authonties  to  make  r^ulations  which  shall  ensure  the  material  thev 

n»oeive  being  fitt<»d  for  the  purpoae  to  which  it  is  their  intention  to  devote  iu 
Acconling  as  it  is  treated  in  the  dwelling,  so  it  is  rendered  j  o^ible  or  imposdUe  to 

dispose  of  it,  so  that  some  return  shall  be  made  for  the  cost  of  its  removsl  from  the 

house.  It  is  beyond  the  scope  of  these  pages  to  do  more  than  mention  incidentallj  the 
treatment  which  such  refuse  shall  receive  after  its  removal ;  but  it  would  be  veil 

that  tbis  point   should  not  be  lost  sight  o^  seeing  how  closely  the  house-o^mer 
is  affected  by  such  a  consideration. 

We  must  now  enter  mora  into  detail  and  leaim  of  what  this  waste  consists.  In 

all  houses  arrangements  must  be  made  for  the  disposal  of  slop-water,  of  animal 
and  vegetable  refuse  fix)m  the  kitchen,  of  ashes  from  the  grates,  and  of  the 

excreta  of  the  inmates.  In  country  distiicts  slop-water  need  present  no  difficulty  J 

it  may  be  either  emptied  immediately  into  a  tub  and  subsequently  distributed 

over  the  ground,  or  treated  in  a  manner  described  on  page  665.  But  in  all  towns 

yard-drains  should  be  provided,  down  which  slo]>water  may  be  thrown. 
The  garbage,  the  ashes,  and  the  excreta  must  be  stored  for  a  longer  or  shorter 

j)eriod ;  and  it  is  to  the  arrangements  which  must  be  made  under  these  varying 
conditions  that  our  attention  must  be  directed. 

It  will  be  well,  in  learning  the  rules  which  must  guide  us  in  adapting  our 

house  to  the  requirements  of  health,  that  we  should  make  ourselves  acquainted  with 
some  of  the  systems  already  adopted  in  different  localities,  and  aficertain  in  what 
particulars  they  succeed  or  fail 

MtDDEN  SYSTEM. 

We  may  take  as  the  type  of  all  that  is  bad  the  midden,  which  was  fonnt-rly 
found  in  all  parts  of  the  kingdom.  In  its  worst  form  it  consisted  of  nothing  more 

than  a  mere  hole  in  the  ground,  into  which  excreta,  garbage,  ashes,  and  slop-wat<T 
were  indiscriminately  thrown.  It  requires  but  a  slight  effort  of  imagination  to 
picture  to  ourselves  the  condition  of  such  a  receptacle,  containing  a  large  mass  d 

decomposing  animal  and  vegetable  matter,  with  the  filth  constantly  soaking  into  the 

gi'ound,  with  every  opportunity  for  rain-water  to  enter  it^  and  frequently  placed  in 
close  proximity  either  to  the  house,  or  to  a  neighbouring  well  which  suppUed  the 
drinking-water  for  the  household.  A  midden  such  as  this  is  l)est  calculated  to  cause 
the  most  serious  injury  to  health.  Writing  in  1869,  Dr.  Buchanan  thus  s])eaks  of  tlie 

middens  of  Birmingham: — "At  present  it  is  common  to  find  huge,  wet,  fcetiJ 
middens,  uncovered,  undrained,  unemptied,  some  of  them  as  deep  and  big  as  the 

foundations  of  an  ordinary  cottage.  Few  of  them  are  covered,  the  inspector  of 

nuisances  thinking  they  are  better  left  open.  Many  are  under  workshops,  where 
work  is  done  amid  stench  all  the  year  round,  and  among  swarms  of  flies  in  the 

summer."*  Words  could  not  better  describe  the  effects  produced  by  want  of  care 
in  the  construction  of  this  pit ;  but  of  late  years  much  has  been  done  to  lessen 
the  objections  to  this  method  of  refuse-disposal.  Efforts  liave  been  made  to  prevent 

the  soakage  of  the  contents  into  the  surrounding  earth,  to  reduce  the  size  of  the  pit* 

»  Twelfth  Report  of  th«  Medical  Officer  of  the  Privy  Ooancil,  1$G9.  ^  >jf 
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aud  to  ensui*e  the  contents  being  in  a  dryer  state  than  before.     As  an  example  of  u 
midden  which  is  a  distinct  improvement  upon  that  we  have  desciibed,  the  Nottingham 

ftiouwo 

Vig.  354. 
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Fig.  355. 

^h-pit  may  be  taken  as  an  example.  The  accompanying  drawing  (Figs.  354 
^d  355)  which  is  supplied  by  the  oorporation  of  that  town  with  a  specification  for 
WilderSfe  serves  well  to  show  the  arrangement  which  ten  years  ago  was  considered 
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dKsira1»U%  Hero  are  two  privies  o])ening  into  the  same  ash-pit,  while  one  small  door 
on  either  side  admits  of  the  same  pit  receiving  the  ashes  and  garhage  of  the  hoase. 
Tlio  pit,  which  is  cleared  once  in  every  three  months,  is  built  in  cement,  is  about  80 
cnbic  feet  in  size,  has  a  roanded  bottom,  and  is  sunk  below  the  ground;  a  roof  shuts 
out  the  rain  from  above,  and  opportunity  for  ventilation  is  afforded.  That 
this  midden  did  not  answer  every  purpose  will  be  seen  from  the  following  words 

taken  from  the  report  already  referred  to:  "The  closets  were  free  horn  the  intenser 
sort  of  nuisance  which  is  usual  when  the  midden  is  of  large  size;  but,  on  opening 
the  ash  doors,  considerable  stench  was  found  from  those  closets  where  the  ashes, 

thrown  in  at  the  side  or  sides,  had  left  the  dejections  near  the  centre  of  the  midden 

to  some  extent  exposed.'' 
In  Hull  a  further  advance  is  made,  for  here  the  midden  is  almost  entirelj  abo?6 

the  ground,  and  is  limited  to  the  mere  space  beneath  the  seat.  It  is  buHt  of  bricb 

niul  cement,  and  has  a  paved  bottom  which  slopes  slightly  from  front  to  back 
Ashes  and  garbage  are  thrown  through  the  hole  in  the  seat  with  a  scoop,  and 

the  midden  is  i*eadily  emptied  by  the  removal  of  the  front 
From  what  we  have  said,  it  will  be  seen  that  if  a  midden  is  to  be  free  from 

nuisance  it  must  be  very  limited  in  size ;  and  it  will  be  recollected  that  this  s 

tantamount  to  saying  that  it  must  be  frequently  emptied.  It  is,  moreover,  absolntely 
necessary  that  the  pollution  of  the  surrounding  ground  should  be  prevented.  For 
this  purpose  no  part  of  the  middenstead  should  be  allowed  to  be  sunk,  but  its 
bottom  should  be  above  the  level  of  the  earth,  and  it  should  be  built  of  sach 
impervious  material  that  soakage  from  it  shall  be  impossibla 

It  should,  as  a  further  precaution,  not  be  situated  inside,  or  with  its  walls  in 

contact  with  any  dwelling-house,  and  opportunity  should  be  given  for  the  ventila- 
tion of  the  middenstead  as  well  as  the  privy. 

In  some  towns  the  ventilation  of  the  middenstead  is  ensured  by  a  shaft  which  is 

carried  from  below  the  seat  to  above  the  building,  and  a  current  of  air  is  bj  this 

means  kept  almost  constantly  in  circulation  from  the  middenstead  upwards;  bat 

wherever  this  is  done,  it  is  especially  important  that  the  shaft  should  not  be  carried 
near  any  part  of  the  house  where  emanations  from  it  could  enter  by  the  windows. 

In  the  choice  of  its  situation  regard  should  be  had  to  the  need  for  it  to  be 
emptied,  and  under  no  circumstances  should  it  be  so  placed  that  the  contents  would 
have  to  bo  carried  through  any  inhabited  house  or  building.  Where  possiblp, 
entrance  to  the  midden  for  this  purpose  should  be  in  the  possession  of  the 
scavengers  without  need  for  them  to  enter  the  premises. 

Not  less  necessary  is  it  that  the  contents  should  be  kept  as  dry  as  possible ;  the 
midden  should  therefore  be  provided  with  a  roof  for  excluding  the  rain,  for  it  is 

found  that  the  tendency  to  decompose  is  very  greatly  increased  by  w^etncss.  In 
some  towns  steps  have  been  taken  to  drain  into  a  sewer  any  excess  of  liquid  the 
midden  may  contain ;  but  experience  has  shown  that  this  is  a  mischievous  course, 

simply  leading  to  blocking  of  the  sewers  with  the  ashes  which  are  carried  away  by 

the  liquid  Tliis  practice  has  been  very  properly  condemned  by  Mr.  Netten  Rad- 
cliffe,  who  says  that  if  this  polluted  liquid  may  be  conveyed  out  of  the  middenstead 

into  the  sewers,  "  there  could  be  no  sufficient  reason,  either  commercial  or  sanitarr, 
for  not  sending  all  excrement  together  along  sewers.  Drainage  is  fallacious  as  tiic 
means  of  continuously  draining  off  the  liquid  contents  of  a  middenstead,  and  thus 
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]>romoting  dryness  of  contents,  as  was  observed  everywhere  in  wetness  of  open 
middensteads  presumed  to  be  drained ;  and  diyness  can  be  secured  in  other  and 

more  effectual  ways." 
Another  point  also  affecting  the  dryness  of  the  contents  is  the  shape  of  the 

midden-bottom.  It  is  with  this  object  that  the  rounded  bottom  of  the  Nottingham 
midden  was  designed,  but  experience  in  other  towns  has  shown  that  where  other 
precautions  are  taken  a  flat  bottom  answers  every  purpose. 

The  reference  we  have  made  to  the  Nottingham  midden  will  serve  to  illustrate 
the  value  of  ashes  in  preventing  nuisance ;  wherever  the  excreta  were  well  covered 
with  this  material  there  was  infinitely  less  offensive  smell  than  where  the  excreta 
were  exposed.  It  is,  then,  upon  the  proper  use  of  ashes  that  we  have  to  depend  for 
ensuring  dryness,  and  preventing  smell. 

There  is  some  difference  of  opinion  as  to  how  ashes  act ;  some  believing  that 

while  the  fine  ash-dust  is  a  deodorant,  the  larger  cinders  tend  to  promote  decom- 
position, while  others  are  satisfied  that  the  cinders  are  useful  in  causing  dryness  of 

contenta  However  this  may  be,  there  is  no  doubt  that  ashes,  either  in  fine  dust  or 
mixed  with  cinders,  have  a  very  considerable  effect  in  preventing  nuisance,  and  the 
question  whether  the  latter  should  be  permitted  to  enter  the  midden  depends  more 
particularly  upon  their  value  for  fuel,  and  upon  the  subsequent  treatment  of  contents. 

The  distribution  of  ashes  may  be  accomplished  in  a  variety  of  ways ;  two  of 
these  have  already  been  mentioned  in  the  descriptions  given  of  the  Nottingham  and 
Hull  middens,  and  a  third,  that  in  which  the  seat  of  the  privy  is  hinged  so  that  it 
can  be  raised  up  and  thus  admit  the  ashes,  may  be  also  referred  to,  a  plan  which 
is  more  frequently  found  in  Manchester.  Formerly  in  Salford  the  same  result  was 
attempted,  by  placing  the  midden  immediately  beneath  the  seat  and  floor  of  the 
closet,  and  raising  the  seat  so  that  there  was  a  step  in  front  of  it,  thus  leaving  a 
space  between  the  step  and  the  floor  through  which  the  ashes  were  thrown  in.  This 
plan  was,  however,  found  to  be  objectionable,  and  has  since  been  abandoned. 

Latterly  it  has  been  thought  well,  for  reasons  relating  to  the  subsequent  con- 
version of  the  excreta  into  manure,  to  adopt  a  method  by  which  the  fine  ashes  oply 

are  passed  through  a  cinder-sifter,  and  then  scattered  over  the  excreta.  This  sifter 
may  consist  merely  of  a  sieve,  which  allows  the  fine  ashes  to  fall  on  to  the  excreta, 
or  a  more  complicated  apparatus ;  the  best  form  is  that  invented  by  Mr.  Conyers 
Morrell,  of  the  Sanitary  Appliance  Company,  who  has  designed  an  ingenious 
arrangement  by  which  the  ashes  are  thrown  through  an  opening  in  the  side  or  rear 
wall  of  the  privy  on  to  a  sloping  board,  which  conducts  them  to  the  screener,  or 
sieve.  By  the  pressure  upon  the  seat  which  occurs  when  the  closet  is  in  use,  the 
screener  receives  a  motion  that  separates  the  fine  dust  from  the  cinders,  and  passes 
the  former  into  a  measurer,  whence  it  is  discharged  over  the  soil  the  moment  the 
pressure  is  taken  off  the  seat ;  at  the  same  time  the  cinders  pass  over  the  screen  and 
fall  into  a  pail  below,  whence  they  can  be  removed  for  subsequent  use  as  fuel.  The 
accompanying  illustration  (Fig.  356)  shows  the  form  of  this  apparatus ;  it  is  now  in 

use  in  many  large  towns,  and  is  found  to  be  exceedingly  well  adapted  for  the  pur- 
pose of  covering  the  soil  with  ashes. 

The  description  of  the  midden  we  have  given  wiU,  we  trust,  be  sufficient  indication 

of  the  difficulties  which  must  be  overcome  if  this  metliod  of  refuse-diBposal  should 
be  adopted,  but  under  no  circumstances  can  the  midden  f&W  to  be  more  or  less 
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iiig  &uch  receptacle,  or  shall  otherwise  provide  in  or  in  connection  with  such  privy 

adequate  means  of  access  to  such  receptacle  for  the  purpose  aforesaid."  A  further 
by-law  forbids  any  connection  between  the  receptacle  for  filth  and  a  drain,  for 
reasons  already  explained. 

The  floor  of  the  privy  is  to  be  paved  with  tiles  or  non-absorbent  material,  so  that 

"  it  shall  be  in  every  part  thereof  at  a  height  of  not  less  than  six  inches  above 
the  level  of  the  surface  of  the  ground  adjoining  such  privy,  and  so  that  such 
floor  shall  have  a  fall  or  inclination  towards  the  door  of  such  piivy  of  half  an  inch 

to  the  foot."  Built  in  this  way  it  is  impossible  for  any  water  which  may  be  thrown 
on  to  the  floor  for  washing  it  to  percolate  into  the  receptacle  which  holds  the  soil. 

Other  dauses  require  every  privy  to  be  provided  with  a  sufficient  opening  for 

ventilation  "  as  near  to  the  top  as  practicable,  and  communicating  directly  with  the 
external  air." 

Finally,  the  proximity  of  the  privy  is  to  be  limited  to  a  distance  of  not  less  than 
Eiix  feet  from  any  inhabited  dwelling.  The  situation  is  to  be  otherwise  so  regulated 

that  undue  proximity  to  a  well,  and  the  conveyance  of  the  midden  contents  through 
an  inhabited  house,  are  prevented 
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CHAPTER     LXXIV. 

THE     PAIL    ST8TBM. 

TIm  KottingbMn  Tub  Clotei  —  Muiiif Actiire  of  Muiiin  —  Comtraetioa  of  Psll  —  Goox  Sjfbea  -^ 
Model  PaJL 

UirriL  now  we  have  limited  ourselves  to  a  dcBcription  •  of  a  privy  which  ib 

provided  with  a  fixed  receptacle,  aud  we  have  endeavoui-ed  to  show  what  may  k 
done  to  mitigate  the  evils  with  which  to  some  extent  it  is  necessarily  acoompanied 
We  must  now  turn  our  attention  to  the  construction  of  the  privy  which  is 

provided  with  a  movable  apparatus,  and  we  will  first  take,  as  a  type  of  that  fonn 
which  most  closely  resembles  the  midden,  the  Nottingham  tub  closet  It  oaj 
be  best  described  as  a  closet  with  a  small  movable  middenstead,  which  is  capable 

of  being  thoroughly  cleansed  and  disinfected  at  frequent  intervals.  To  quote 

from  Mr.  Netten  Badclific's  report :  "  It  constitutes  the  link  between  the  pail  cWt 
system  and  the  midden  system.  The  Nottingham  tub  closet,  in  fact,  combbes  tk 

advantages  of  the  \mi\  closet  with  the  simplicity  of  the  midden  doset.     The  saW:- 
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tution  of  the  pail  for  the  middenstead  at  once  obviates  the  various  structuai 

difficulties  which  beset  the  building  of  a  middenstead,  so  as  to  pi-eveut  its  unwh«>. 
someness,  and  permits  that  effectual  removal  pf  the  contents  and  cleansing  of  tk 

receptacle  which  attach  to  the  pail  system. '' 
The  closet  is  of  veiy  simple  construction;  in  fact^  its  siiaplicity  is  its  great  m^ 

As  the  accompanying  drawings  (Figs.  358  and  359)  show,  it  is  provided  with  ejo' 
means  of  ventilation  by  louvred  openings  in  the  roof.  In  most  instances  the  seat  i 
hinged,  and  in  othera  the  front  is  movable  3  in  order  to  allow  of  the  mor^  f*4 

removal  of  the  tu)>,  an  opening  is  often  made  in  the  back  wall  of  the  closet,  behiniia* 
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seat.  This  opening  is  provided  with  a  hinged  flap,  which  can  be  unlocked  by  the 
ficayengers  when  they  come  to  change  the  tubs.  The  tub  itself  is  made  of  oak, 
and  is  kept  well  tarred ;  it  has  an  outside  diameter  of  1  foot  6  inches  at  bottom, 
and  1  foot  9  inches  at  top,  and  a  height  of  about  1  foot  4  inches  ;  the  thickness  of  its 
sides  is  from  ̂   inch  to  j  inch,  and  it  is  covered  by  a  metal  lid.  Bought  as  they  are 
by  contract,  these  tubs  cost  2s.  8d.  each,  the  whole  cost  of  a  new  closet^  including 
looks  and  evoiything,  being  £4.  The  pail  is  removed  weekly,  or  at  sliorter  intervals, 
according  to  the  necessities  of  the  case,  and  a  clean  pail  is  substituted  for  it. 

It  has  already  been  said  that  the  Nottingham  pail  is  a  small  movable  midden- 
stead  It  is,  in  fact,  used  as  a  receptacle  for  solid  and  fluid  excreta,  all  the  solid 

vegetable  refuse  of  the  house,  potato-peelings,  &c.^  also  the  solid  animal  refuse, 
the  remnants  of  food,  <bc.  Together  with  these  vegetable  and  animal  substancas, 
which  are  partly  solid  and  partly  liquid,  all  the  dry  ashes  of  the  household  are 
intimately  mixed,  so  that  the  excremental  contents  of  the  pail  are  speedily  covered 
over,  absorbed,  and  rendered  inoffensive. 

The  Nottingham  authorities  take  great  pains  to  prevent  the  emptying  of  any 
slops  except  the  chamber  urine  into  the  tubs.  In  order  to  ensure  this,  and  to 
prevent  the  tubs  becoming  sloppy  and  offensive  to  the  users,  they  insist  very 

rigidly  upon  good  yai-d  -  drainage  being  provided.  As  we  have  .stated  with 
i-egard  to  middens,  so  also  is  it  in  every  way  desirable  for  the  comfort  and 
sanitary  well-being  of  people  that  movable  receptacles  for  the  excreta  should 
be  as .  dry  as  possible ;  for  not  only  is  the  splashing  of  liquid  contents  very 
objectionable  to  the  users,  but  the  jolting  of  pails  full  of  offensive  liquid  along  the 

roads  in  course  of  removal,  even  when  this  is  effected  by  means  of  well-constructed 
covered  vans,  is  very  frequently  a  source  of  nuisance.  It  is  these  considerations 
which  have  induced  the  authorities  at  Nottingham  not  only  to  prevent,  by  every 

practicable  means,  the  emptying  of  slop- water  into  the  closet-pailp,  but  they  have 
also,  in  the  case  of  schools  and  factories,  objected  to  pails,  because  in  such  places 
they  would  be  used  for  excreta  alone  without  the  ashes,  which  constitute  their  chief 
safeguard.  We  have  already  said  that  on  sanitary  grounds  it  is  an  advantage  that 

the  ordinary  ash-refuse  of  a  house  should  cover  the  midden-contents,  and  the 
same  statement  is  equally  true  for  the  closet-pail ;  for  in  this  manner  not  only 
is  the  liquid  part  of  the  contents  absorbed  and  one  of  the  chief  objections 

to  their  use  removed,  but  there  is  also  great  probability  that  ashes  have  much  in- 
fluence in  neutralising  the  results  pf  any  decomposition  that  is  going  on  in  the  pail. 

As  a  matter  of  fact,  there  is  marvellously  little  smell  about  these  closets,  as  may 

be  proved  by  the  experience  of  thousands  of  dwellings  in  Nottingham.  Even  in 
the  crowded  courts,  where  the  closets  are  necessarily  very  close  together,  there  is 
a  notable  freedom  from  privy  nuisanca  With  these  advantages  it  is  natural  that 
the  system  should  be  generally  appreciated,  and  that  it  should  have  gained  in 

popularity  among  the  working  classes  year  by  year ;  and  it  is  also  not  so  much  to  be 
wondered  at  that  the  authorities  have  encountered  no  very  serious  difficulties  in 

their  great  work  of  substituting  tub  closets  for  the  offensive  privy  middens  which 
formerly  abounded  in  the  town,  and  which  gave  rise  to  a  great  deal  of  preventible 
sickness.  The  sanitary  authority  has,  until  very  recently,  had  no  other  powers  to 
work  with  than  the  ordinary  provisions  of  the  Public  Health  Act,  and,  save  in  a 
few  exceptional  cases,  the  owners  of  property  have  not  been  subsidised ;  and  yet, 
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within  ti-ii  yearn  of  the  time  when  it  may  b*  said  that  the  tub  iiTst4>in  was  in  in 
trikl,  they  have  been  able  to  secure  ita  almost  universal  adoption  in  plmoflht 
priv^-miilden  aptpm.  There  are  now  24,000  of  tbeae  cloaeta  in  the  boron^ 
TakiiiR  into  account  those  which  must  neoexaarily  serre  the  purpose  of  two  or  mm 

houne<i,  as  is  the  case  in  the  dennely-built  jiarta  of  the  town,  this  number  rppresfriij 
morp  than  three  parta  of  tlie  population. 

Junt  aa  Nottingham  in  abandoning  the  midden  for  the  tub  system,  we  findllui 

ill  Rouie  other  parts  of  the  kingdon)  the  same  principle  is  giiiding  sanitary  suthoritjiij 
the  Kxi><l  receiitAcle  ia  giving  place  to  the  movable,  biit  a  further  conaideratinn  !«- 
alio  ail  iiiAntiiice  in  deterraining  these  authorities  as  to  the  mode  of  disposal    WiiL 
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rieceseaiy  where    this    is  done,  that  not  only  should-  there   be  y&rd-drainiLgc  in 
:omintinicatioD  with  the  sewers,  as  a  means  of  disposing  of  slop-water,  but  thut 

In   the  towns,  then,    to  which  we   have   referred — Manchester,    Salfoi-d,  and 
:othUale,  the  chief  characteristic  of  the  system  is  the  use  of  a  i>ail  instead  of  a 

PASSAGE 
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i  id  receptacle,  and  the  separation  of  the  excreta  and  fine  ash  from  the  other  house- 

U  fis-  360  gives  a  view  of  a  double  pri\'y  seen  from  the  house  ;  the  entrance  to 
^  privy  is  at  the  end  of  the  building,  and  in  the  wall  which  faces  the  house 

It--  fcinfis  are  made,  through  one  of  which  ashes  may  be  thrown,  which,  falling  upon  a 
1  ■  »,  are  divided  into  fine  dust  which  falls  into  the  pail  beneath  tlie  seat,  while  the 
yii  iera  fall  into  another  pail,  whence  they  ar«  removed  through  a  lower  opening. 
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to  be  luetl  again  u  fael ;  a  third  opening  ta  alao  provided  which  gives  kc««  to  i 
tub  for  the  reception  of  garbttge.  On  tlie  other  tide  (Fig.  361)  abutting  on  a  pus^e, 
may  be  leea  the  doors,  to  which  the  Boavengera  alone  have  aoceaa;  a  central  one,  for 

the  temoral  of  garbage,  and  those  on  either  side  of  it  for  the  removal  of  the  claset- 

paik  Thus  the-  aoavengers  have  no  need  to  enter  even  die  yard,  bat  are  abb  la 
perform  the  necttfsarj  duties  under  oiKumBtAncea  which  cannot  give  nn  to 

unploaflontness,  there  being  no  necmdij  for  the  pails  to  be  ouried  tlirou^ 
the  house.  The  ground  plan  (Fig.  362)  will  clearly  explain  the  relative  pontico  d 

the  cloeet,  cinderaifter,  aod  refuse-pail,  together  with  the  openings  for  the  raoocaj 
of  thepaik. 

Hiere  i>  one  detail  that  deserves  especial  mention,  the  constmctioa  of  the  pA. 
At  the  moment  of  removal  the  contents  are  liable  to  some  amount  of  disturiaun, 

and  it  is  therefore  very  necessary  that  the  pails  should  be  provided  with  t  cW- 

fitting  lid.  In  Rochdale  there  is  one  in  use  known  as  HaresoenghV patent  spring-lid 
receptacle,  the  lid  of  which  is  provided  with  a  cuBhi<»i  of  india-rubber  (see  Fi^  363 
and  3G4),  which  is  fastened  down  by  a  strong  spring.  The  lids  are  brought  with  Uie 

empty  paila  when  those  which  are  full  are  exchanged,  and  being  fitt«d  to  the  lattn' 
they  are  hermetically  sealed,  and  all  poesibility  of  leakage  or  effluvia  ia  prevenld. 

Tig.  961— Bocliari*  PML  He.  SH.— Boohd^  VtO. 

Rochdale,  by  the  way,  is  abandoning  iron  pails  for  those  of  wood,  finding  that  the 
latter  are  far  less  expensive,  that  they  last  longer,  and  are  far  more  easily  repoimi 

The  advantage  of  the  use  of  pails  over  even  the  best  constructed  midden  is  the 
ease  with  which  the  removal  of  contents  is  efiected.  It  is  impossible  to  em)>ty  the 
midden  without  much  disturbance  of  the  contents,  causing,  whether  by  night  or  dav. 
a  pollution  of  the  air ;  but  the  movable  receptacle  can  be  replaced  by  an  abaolotelv 
clean  one,  while  that  which  is  full  is  taken  to  some  distant  spot  where  it  is  thoroughly 
cleansed.  In  Rochdale  every  pail  is  washed  by  water  delivered  from  a  hose  at  40  lU 
pressure,  and  is  subse^^uently  disinfected  by  having  placed  in  it  a  small  quantity  oi 
disinfectant,  which  is  made  by  mixing  equal  parts  of  chloride  of  lime  and  alum  in 
ten  parts  of  water.  Speaking  of  the  advantages  of  the  pail  system  over  the  ol>i 
midden.  Dr.  Wilson,  until  lately  the  medical  officer  of  health  to  Rochdale,  s^y' 
tliat  since  the  adoption  of  jiails  tliere  has  been  a  marked  change  in  the  geiienJ 
health  of  the  population,  sliown  not  only  in  lower  rates  of  general  niortalitv, 
but  idso  in  a  diminution  of  vickness  fro>^  ̂ vers  and  diarrhceb 
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We  have  but  one  other  form  of  movable  receptacle  to  describe,  viz.,  the  Goux 

tub.  In  this  system  also  attempts  are  made  to  secure  the  drj'nesa  of  the  contents  and 
to  rplard  decomposition,  and  it  has  the  advantage  of  helping  to  dispose  of  other 

ivfiisc  matter  at  the  same  time ;  but,  instead  of  ashes  being  made  to  cover  the  con- 

tents, the  tub  is  prepared  iii  a  special  way,  so  as  to  render  this  uhnccessary.  The 

tub  tapers  from  above  downwards,  is  eighteen  inches  high  and  twenty  inches  at  its 

greotest  diameter.  Tlie  bottom  is  covered  with  three  or  four  inches  of  refuse, 

which,  we  are  told  in  the  trade  circular  of  the  Goux  Company,  may  consist  of 

"  stAble-litter,  leaves,  spent  tan  or  hops,  sawdust,  shavings,  shoddy,  flax  dressings, 

or  the  thou8and-and-one  convenient  substances  to  be  found  in  every  place."  This 
is  mixed  with  a  little  soot,  charcoal,  gypsum,  or  other  deodoriser.  To  line  the 

sides,  a  mould  or  the  same  shape  as  the  tub,  but  of  an  internal  diameter  six  inches 

IcsH,  is  placed  upon  the  absorbent  material  at  the  bottom,  and  the  space  between  the 

tub  and  the  mould  closely  packed  with  the  same  refuse  as  that  beneath  the  hkttcr. 

The  accompanying  drawings  (Figs.  365  and  366)  show  a  section  of  the  tub  charged 

with  this  substance,  and  the  mould  which  is  used  in  the  filling.  The  prepat~Atian 
cf  the  tub  is  not  a  lengthy  process,  and  requires  i 

pack  a  himdrcd  tubs  in  an  hour,  and,  wL 

]irccaution  has  to  "be  taken  ;  ,r  ̂. 
nothing  is  needed  but  to 

remove  the  charged  tub  at 

stated  times  and  replace  it 

with  a  clean  ona  Only  at 

the  time  of  removal  has  any- 
thing furtlier  to  be  done  with 

a  view  of  preventing  wi- 
plea^atnees ;  but,  at  that 

moment,  the  pa.rt  of  the  lining 

which  b  exposed    is  broken  ^  w-Qom  Mould, 
up    and    scattered    over  the  n,.  ses.-QotaPiOL Eurface  of  the  contenta.     We 

have  said  that  the  intention  of  the  lining  was  to  secure  the  dryness  of  contents, 

but,  as  a  matter  of  fact,  it  does  not  appear  wholly  to  attain  this  object ;  neverthe- 
less the  tubs  are  remarkably  free  from  odour,  even  when  examined  at  times  of  tlio 

year  when  such  matter  as  they  contain  is  more  likely  to  be  offensive  tlian  at  others. 

Mr.  Badcliffe,  after  examining  two  boat-loads  of  the  filled  pails,  says  there  was  no 

perceptible  odour  from  them  under  a  hot  sun,  and  he  would  not  have  had  any 

suspicion  of  their  contents  either  from  sight  or  aniell,  had  he  not  previously  known 

what  they  were.  So,  again,  Dr.  Goldie,  the  medical  officer  of  health  of  Leeds,  says, 

"I  would  at  once  give  it  as  my  opinion  that  the  absorbent  packing  of  the  Goux  system 
answers  the  great  end  of  arresting  decomposition.  The  tubs  are  only  emptied  once 

■  week,  which  would  give  their  contents  ample  time  to  Bet  up  that  decomposition 

which  is  not  only  most  offensive  to  the  nasal  organs,  but  dangerous  to  public 

health."  Nevertheless,  he  found  that  during  a  period  of  nearly  five  years,  at. 
Halifax,  only  two  complaints  had  been  made,  and  these  were  clearly  traced  to 

direct  negligence  on  the  part  of  the  operatives. 

Wlintevei'  system  may  be  adopted,  the  same  general  rules  wilt  apply  to  each. 
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It  is  upon  the  frequent  emptjriDg  of  pails,  or  rather,  of  the  exchange  of  clean  pails 

for  full  ones — an  infinitely  better  plan — and  the  preservation  of  the  contents  in 
as  dry  a  condition  as  possible,  that  success  will  depend. 

It  is  essential  that  the  pail  should  be  impervious,  and  it  is  desirable  that  it 

should  not  ha\'e  a  larger  capacity  than  two  cubic  feet  With  regard  to  the  privy 
itself,  the  instructions  laid  down  in  the  model  bj^-laws  of  the  Local  Government 
Board  should  be  followed.  There  should  be  constructed  over  the  whole  area  of  the 

space  immediately  beneath  the  seat  **  a  flagged  or  asphalted  floor,  at  a  height  of  not 
less  than  three  inches  above  the  level  of  the  surface  of  the  ground  adjoining  such 

privy,"  and  the  whole  extent  of  each  side  of  the  space  between  the  floor  antl  the 
seat  should  be  constructed  of  ̂'  flagging,  slate,  or  good  brickwork,  at  least  nine 

inches  thick,  and  rendered  in  good  cement  or  asphalted."  The  pail  is  to  be  so 
placed  that  it  may  receive  the  whole  of  the  material  thrown  through  the  seat,  and 
so  tliat  the  floor  and  sides  of  the  simce  l)eneath  the  seat  may  not  be  polluted.  The 

seat  is  to  be  movable,  so  that  the  pail  may  be  changed  and  the  space  in  which  it 
stands  may  Ije  thoroughly  cleansed. 

With  regard  to  its  situation,  its  distance  from  the  house  and  from  a  well,  its 

ventiljition,  and  the  opportunity  for  the  pails  to  be  changed  without  bringing  them 
ihrouijh  the  house,  the  same  rules  should  be  obeyed  as  those  already  described 
when  speaking  of  middena 
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CHAPTER   LXXV. 

THB   DRT-EARTH   aYSTEU — OEITERAL  CONCLUBIOtlB. 

Prepwition  ot  Birih— Comtrnrtion  of  Eart!i-oIoBet«— Value  ot  Ewth-mftniUD— Choice  of  Syitera. 

The  effect  of  Ary  earth  upon  excreta  ia  very  different  from  that  of  asbes,  for  it  i^ 
found  that  it  serves  to  make  the  excreta  not  only  inoffensive,  but  to  effect  coiuplcto 

change  in  the  latter,  so  that  their  original  chai-acter  cannot  be  recognised,  aiul 
even  if  paper  be  mixed  with  them  this  disappears  at  the  same  time,  We  leani 

from  Dr.  Buchanan's  report*  that  the  late  Rev.  Henry  Moule,  to  whom  we  are 
indebted  for  this  method  of  treatment  of  excrement,  regarded  the  process  which 

takes  place  in  the  mixture  "  as  consisting  in  a  change  of  the  organic  substancea  of 
excrement  into  the  state  in  which  organic  matter  naturally  exists  in  fertile  soil,  in 

such  a  way  that  the  animal  refuse  becomes  proximately  available  for  the  support  of 

the  plant,  without  undergoing  ultimate  reduction  into  simple  salts  and  gases."  This 
change  is  not  completed  immediately;  it  is  necessary  ttrat  the  mixture  should  l>e 

kept  dry  for  some  time,  as  much  as  six  weeks  being  as  a  rule  required  for  this 

purpose ;  it  then  possesses  the  remarkable  power  of  being  able  to  act  in  the  same 

manner  as  the  original  earth  upon  fresh  excreta,  indeed,  when  the  earth  consists  of 

clsy,  it  is  improved  by  its  first  use.  How  many  times  it  may  be  thus  used  over 

and  over  again  is  not  quite  clear,  but  it  has  been  employed  experimentally  over  a 

dozen  times  without  any  apparent  deterioration  in  its  power. 

It  is  found  that  a  pint  and  a  half  of  properly-prepared  earth  is  sufficient  for 

rach  dejection,  together  with  the  urine  which  accompanies  it^     Loamy  earth  is  the 

most  valuable ;  clay  is  also  good ;  sand,  gravel,  and  chalk  are  practically  useless. 

latterly  peat  has  been  successfully  used,  the  best  results  being  obtained    from 

a  mixture  of  four  parts  of  peat  to  three  of  earth,  or  earth  and  fine  ashes  in  tlie 

proportion  of  four  of  the  former  to  one  of  the  latter.     But  whatever  substance 

be  chosen,    two  conditions  are  absolutely  necessary:   first,  that  the  earth  shall 

be  very  dry ;    secondly,    that  it 

shall  be  finely  sifted.      Dryness 

is  essential   at  all  stages  of  the 

process,  for  if  slop-water,  or  leak- 

age, lead  to  the  mixture  of  earth 

attd  excreta  becoming  moistened, 

ilwompodtion  will  begin,  and  an 

oQeDBive  mass  be  produced;  there  . 

ought,  however,    to   be  no   diffi-  , 
inilty  in  ensuring  the  amount  of 

dryness  which  is  needed  for  sue-  jtj.  se7.— SioTsforDijingEtrtli. 
ces^     The    earth   may  be  dried 

over  the  kitchen  fire,  or  on  the  hearth  under  a  kitchen  range,  or,  better  still,  in 

lainiaer  simply  in  the  sun.     Where  earth-closets  are  regulaily  used,it  is  well  to  tnkii  ■ 

•  JEteport  of  th*  UtdictJ  OfBosr  of  th<  PriTjr  CowndL  1B6S. 



advantage  of  the  opportunit;  that  summer  afitmlB  (or  the  preparation  of  a  (afficifW 

amount  of  i-arth  to  last  during  the  winter,  or,  if  preferred,  a  stove  such  as  tiiatBhovn 

Fit.  3S8.-X>rtli-«l(t«r.  F%.  3».-EuUi  rhig  Clovt. 

in  tlio  accompanTiiig  drawing  (E^.  367)  ma;  be  employed ;  it  couusts  merely  <tf  i 
furnace  with  the  upper  surface  furnished  with  a  tray  on  which  the  earUi  is  placed. 

After  tlte  earth  is  dry  it  musi 
be  sifted,  moet  conveniently  ̂ y  a 
fiieve,  or  by  means  of  a  dnstless 
sifter  such  sa  that  shown  in  the 

annexed  drawing  (Fig.  368).  By  & 
simple  contrivance,  tlie  earth  Uirowu 

into  the  hopper  is  separated  into  tn-c 
parts,  the  larger  pieces  passing  into 
the  lower  drawer,  the  smaUer  into 
the  upper. 

It  may  be  applied  to  the  excreta  j 
in  more  than  one  way ;  by  a  men 

scoop  in  the  hand  of  the  user,  or  byi 
mechanical  contrivance  in  connection 

with  the  closet;  the  latter  methoJ 
is  the  better,  for  it  eliminates 

any  chance  of  improper  application 

Fig.S70.-DirthiTc»u»Cio.et.  through  the   carelessnesa  of  the  in- dividual 

Mr,  J.W.Girdlestone,  engineer  to  the  Moule's  Earth-closet  Company,  has  designed 
a  closet  which  admirably  fuitila  all  the  necessary  conditions.  Fig.  369  represents  one 
in  which  the  enrtli  is  discharged  by  a  plug,  and  Fig.  370  by  pressure  on  the  seat 
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A  suflicienc;  of  earth  to  last  for  some  time  ig  placed  iu  a  Lopper  lielund  the  seat, 

whence  it  falls  on  to  a  valve  which  holds  exactly  enough  for  one  charge.  The  vaWo 

is  connected  either  with  a  handle  or  with  the  seat,  in  such  a  manner  that  the  pulling 

of  the  plug  or  the  removal  of  the  body  from  the  Beat  upsets  the  earth  on  the  valve 

into  the  receptacle ;  on  again  pressing  down  the  plug  or  the  seat,  the  valve  is 

immediately  charged  with  fresh  dry  earth. 

This  apparatus  is  used  either  in  connection  with  a  movnhlu  pail,  or  over  a  vault 

or  fixed  receptacle.  Pails  made  of  galvanised 

iron  to  hold  twelve  or  twenty  charges,  and  similar 

to  that  shown  is  the  drawing  (Fig.  371),  are  sup- 

plied with  the  earth-closets  already  described,  and 
are  found  to  be  convenient  for  household  use.  The 

seat  is  fitted  with  either  a  galvanised  iron  or  an 

I'arthenware  rim,  which,  projecting  below  it, 

pai-ticularly  in  front,  guides  all  fluid  into  the 
n-ceiver.  With  regard  to  the  details  of  construc- 

tion of  the  rest  of  the  earth-closet,  we  have  little 

more  to  do  than  to  lepeat  the  advice  which  has 

been  given  for  ash-closets  and  middens;  here,  also, 

as  we  have  said,  dryness  is  essential  to  success  ;  Pic-  sn. 

for  the  purpose  of  ensuring  dryness  the  receptAcle 

should  always  be  situated  some  two  or  three  inches  above  the  level  of  the  ground, 

whether  it  be  a  vault  or  a  pail, and  nothing  but  theexcreta,  the  urine  which  accompanies 

them,  and  the  dry  earth  itself  should  be  permitted  to  enter  the  closet.    If  slop-water 

lie  thrown  in,  the  result  ia  at  once  disastrous ;  the  earth-closet,  theiefore,  absolutely 

necessitates  some  other  method  of  disposing  of  slop-water,  and  even  of  chamber  urine 

The  accompanying  drawing  (Fig-  372),  shows  an  earth-commode  well  adapted  for 
use  inside  the  house.     The  removal  of  the  contents  is  effected  by  taking  out  the 

jtail  in  the  front  or  the  sides  of  the  closet, 

and  each  pail    is   provided  with    a  cover 
to  be  used  at  the  time  of  removal.     If  ihe 

receptade    is  placed    outside  the    house, 

there    is    no    reason    why    it    should  not 

be   made  sufficiently  large  to  hold    three 

months'  &ccunmlation ;    but  if  inside  the 
house,  a  pail  which  can  easily  be  carried  is 
the    most    convenient    form    of    receiver. 

It  should  not  be  placed  in  a  bed-room  or 

sitting-room,  and  wherever  situated,  there 
should  be  an  outside  wall  in  which  there 

is  a  window  to  ensure  ventilation. 

F«.  3;?.-E*rth-H>ium(Kie.  After  removal  from  the  receiver  the 
material  must  bo  stored  until  the  earth  has 

had  ample  time  to  alter  the  composition  of  the  excreta,  and  while  this  is  taking  place 
it  must  still  be  kept  absolutely  dry.     Not  less  than  six  weeks  should  be  allowed  for 

this  process  to  be  completed,  and  the  mixture  may  then  be  used  over  again  in  the 
closets,  or  sptead  over  the  land  for  mannra 
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Part  of  the  advantage  claimed  as  being  derived  from  the  earth  snt^m  of 

excrement^isiiosa]  is  the  value,  as  a  manure,  of  the  product  which  is  formed,  la 
1869  the  Rev.  H.  Moule  informed  Dr.  Buchanan  that  he  had  by  eiperimeDt 

comparetl  the  earth  manure  with  super  phosphates.  "  Four  acres  on  a  farm  at 
F(»rdington  were  sown  with  tumijis,  manure  having  l>een  previously  drilled  in;  the 

manure  to  3]  acres  was  super-phospliates,  bought  at  £7  12s.  a  ton  ;  the  manure  on 
the  other  quarter-acre  was  earth  compost  that  had  been  five  times  through  closets,  and 

bought  at  X3  a  ton.  Tlie  manures  were  used  in  equal  ([uantity,  a  cwt  to  each 

quarter-acre.  The  quarter-acre  manured  with  earth  compost  yielded  one-third  more 

in  weight  of  turnips  than  an  average  quart4»r-acre  manured  with  sui)er-phosphatt« 
i^heep  were  fed  on  tlie  turnips,  and  next  year  Imrley  was  sown  over  the  whole  foor 

acres ;  the  barley  on  the  quarter-acre  stood  conspicuously  over  the  other  l»rley,  and 

yielded  area  for  area  in  the  proportion  of  four  to  thi'ee  over  the  remainder  of  the 

field."  • 
Himilar  testimony  to  its  value  has  been  given  by  some  others  who  have  used  it; 

while  in  the  hands  of  others,  again,  it  is  not  ci^ited  as  being  worth  more  than  ordinair 
pirden  mould.  It  is,  on  the  one  hand,  sold  at  as  high  a  price  as  £6  per  ton,  and,  on 

the  other,  has  been  valued  by  Dr.  Yoelcker,  as  the  I'esult  of  analysis,  at  no  more 
(Jian  7s.  6d.  a  ton  after  it  has  passed  ̂ ve  times  through  the  closet.  This  question 
of  the  value  of  the  product  may  be  a  matter  of  importance  to  those  authorities  vho 
are  looking  for  a  return  for  the  cost  of  collection  and  for  the  supply  of  earth ;  for 
our  purposes  we  must  consider  rather  its  sanitary  than  its  commercial  value,  and  it 

will  be  welly  in  discussing  tJiis  subject,  to  put  aside  all  thought  of  procuring  any- 
thing of  greater  value  than  a  good  garden  mould ;  we  shall  then  be  left  free  to 

think  only  of  those  advantages,  from  a  health  point  of  view,  which  belong  to  the 
dry-earth  system.  One  point,  however,  may  be  insisted  upon  :  whatever  the  value 
of  the  earth  may  be  after  it  has  been  two  or  three  times  through  the  closet,  its 
subsequent  use  beyond  this  does  not  appear  to  enhance  it.  If,  therefore,  it  is 
intended  to  use  it  over  and  over  again,  the  reasons  for  doing  so  must  relate 
only  to  those  of  convenience. 

As  another  deodorant,  we  must  not  omit  to  mention  charcoal,  which  has  in 

ship-building  communities  on  the  Clyde  come  to  be  used  in  a  manner  similar  to  drj 
earth.  The  value  of  the  method  depends  upon  the  fact  that  charcoal  is  a  better 
deodoriser  than  either  ashes  or  earth,  and  therefore  a  much  smaller  quantity  need 
be  used.  Mr.  Edward  Stanford,  who  has  especially  urged  the  value  of  this  material 
for  closet  use,  has  found  by  experiment  that,  whereiw  dry  clay  only  absorbs  45  per 
cent,  of  water,  dry  charcoal  prepared  from  seaweed  absorbs  147  per  cent.  The  closet 
to  be  used  is  practically  the  same  as  the  earth-closet,  but  for  the  charcoal  system 
it  is  claimed  that  chamber  urine  may  be  thrown  on  to  it  in  addition  to  that  which 
accompanies  each  dejection.  After  removal,  the  mixture  is  burnt  in  a  retort^ 
which  distils  over  products  which  are  said  to  have  a  value  of  a  material  kind,  while 
the  residue  is  used  over  again. 

There  are  otJier  methods  by  which  excreta  may  be  rendered  less  offensive— 
for  instance,  by  the  use  of  disinfectants — ^while  remaining  within  the  precincts  of  a 
house,  but  it  is  unnecessary  for  our  purpose  to  do  more  than  mention  those  most 
suitable  for  general  use. 

*  Twelfth  Report  of  the  Medical  Officer  of  the  Privy  Couucil,  1869. 
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CHOICE   OF   SYSTEM. 

We  have  now  described  the  different  methods  of  conservancy  adopted  in  various 
towns,  and  have  shown  how  we  may  best  contrive  to  render  as  little  objectionable 
as  possible  any  one  we  may  be  obliged  to  accept. 

The  midden  we  may  regard  as  the  most  objectionable  of  all,  but  capable  of 

improvement  by  reduction  of  its  size,  and  by  the  maintenance  of  its  contents  in  as 
dry  a  condition  as  possible ;  a  result  to  be  obtained  by  its  mode  of  construction, 
and  by  the  application  to  the  excreta  of  dry  household  refuse. 

The  Nottingham   tub,   we  have  also  shown,  is  very  free  from  unpleasantness, 

owing  to  the  thorough  manner  in  which  the  excreta  are  qovered,  and  to  the  frequency 
of  removal,  and  no  system  can  be  considered  satisfactory,  from  a  health  point  of 

N-iew,  which  does  not  provide  for  both.     It  is  not,  however,  intended  at  all  to  convey 
the  idea  that  pother  town  authoiities  which  have  not  adopted  precisely  the  same 
system  have  failed  to  do  the  best  possible  thing  for  their  communities.     In  some 

large  centres  of  industry  the  authorities  have  had  to  encounter  the  manurial  difli- 
culty  in  its  worst  form.     These  towns  are  so  large,  and  their  suiTOundings  are  so 
thickly  populated,  that  it  at  length  came  to  be  a  matter  of  impossibility  for  them 
to  dispose  of  their  refuse  as  manure,  even  at  a  nominal  price,  and  by  sending  it  to 
great  distances.     Hence  they  have  been  compelled  to  direct  their  attention  to  the 
various  means  of  rediicing  its  bulk,  and,  in  Rochdale  and   Manchester,  they  have 
now  for  some  time  been  engaged    in  the  manufacture  of  the  material  to  which 

we  have  referred.     For  this  purpose  it  is  of  course  essential  that  the  system  should 

be  different   from  that   carried    out  in  Nottingham  at  its  incei)tion ;   that '  is  to 
bay,  that  the  closet-pail  should  be  made  to  bring  away  only  the  excreta  and  mattera 
of  manurial  value,  and  as  little  as  possible  of  the  ashes  and  materials  which  are 

worthless  in  the  manufacture  of  poudrette.      Nottingham  is  at  present  happily 
placed  in  very  different  circumstances,  for  though  rapidly  becoming  a  large  town, 

it  is  still  surrounded  by  an  extensive  agricultural  district,  and  as  yet  there  have 
been  no  serious  difficulties  in  the  way  of  disposing  of  the  town  refuse,  except  at 
times  of  frost  and  flood,  when  some  accumulation  takes  place. 

In  speaking  of  the  advantages  of  the  pail  or  tub  closet  system,  whether  as  carried 
out  in  Nottingham  or  at  Manchester,  it  must,  of  course,  be  understood  that  the 

whole  success  depends  on  the  perfection  of  management,  by  which  the  pails  or  tubs 
are  removed  and  replaced  in  a  cleanly  state  at  regular  and  frequent  intervals,  and 

by  which,  in  densely-built,  crowded,  poor  districts,  closets  are  regularly  apportioned 
to  houses  and  provided  with  keys.  Without  the  most  rigidly  systematic  arrange- 

ments, and  also  active  and  constant  supervision  in  the  poor  localities  of  a  town,  the 

system  is,  of  course,  capable  of  becoming  abused,  and  giving  rise  to  a  state  of  things 

offensive  to  the  people,  and  quite  as  prejudicial  to  health  as  the  privy-midden  system. 
Nottingham  has  been  fortunate  in  possessing  a  health  committee  who  have  devoted 
much  time  to  this  subject.  The  results  of  the  improved  state  of  things  on  the  public 
health  have  been  several  times  referred  to  in  reports  of  the  able  medical  officer  of 
health,  Dr.  Edward  Seaton.  In  a  special  paper  on  this  subject,  which  ho  read  at  a 
meeting  of  the  Society  of  Arts,  in  1879,  he  showed  that  there  had  been  a  remarkable 

reduction  in  the  rate  of  mortality  and  sickness  from  enteric  fever,  consequent  upon 

the  substitution  of  pail  closets  for  privy-middens.     It  is  intended  to  carry  out  still 



760  OUR  H0MB8. 

fui-thor  iuiin*oveni*»iits  in  tliis  directioD,  which,  it  is  hopoJ,  will  be  effectual  in  oon- 

tiuiiij?  this  distmse  within  even  naiTower  limits.  Under  the  system  for  the  "earir 

ncititication  of  infectious  diseases,"  which  is  now  being  introduced  in  Notttngliam, 
the  auUiorities  will  become  acquainted  with  the  existence  of  such  diseases  as  enteric 

fever  at  once,  and  they  will  adopt  special  precautions.  These  will  consist  in  providing 

qH'cial  |)ai]s  (coloured  red)  for  the  infected  housea  The  pails  will  be  charged  with  a 

strong  chemical  disinfectant,  probably  sulphate  of  iron,  will  be  removed  at  more 

fre(|uent  intervals  than  usual,  and  will  be  dealt  with  in  a  special  manner  at  the 

wharf.  It  is  confidently  expected  that  by  this  means  the  death-rate  from  enteric  fever, 

which  has  ali*eady  been  materially  diminished,  will  be  still  further  reduced. 
There  is,  of  course,  no  reason  why  the  same  precautions  should  not  be  taken  m 

all  towns  where  movable  receptacles  are  used,  and  the  possibility  of  this  being  done 
is  one  of  the  many  arguments  in  favour  of  the  superiority  of  the  movable  receptacle 
over  the  fixed. 

Much,  too,  of  the  good  results  which  have  attended  the  use  of  the  Nottingham 
tub  is  due  to  the  way  in  which  the  dryness  of  contents  is  ensured.  In  Salford,  for 
instance,  as  a  matter  of  practice  everything  that  can  pass  through  the  sieve  is 

ponuitted  to  enter  the  pail.  Slop- water  of  course  is  not  rejected  by  the  meshes  of  the 
sieve,  and  thus  the  pail  comes  under  these  circumstances  to  be  far  less  free  from 
imisance  than  it  shduld  be. 

It  is  not  within  our  province  to  discuss  at  greater  length  the  removal  of  this 

matter  by  the  town  scavengers  or  its  subsequent  disposal ;  but  we  must,  in 
conclusion,  consider  the  position  of  a  house  so  situated  that  the  removal  of  pri^y 
contents  must  depend  upon  the  householder  himself.  Placed  in  a  rural  district, 
where  water-carriage  is  impossible,  and  where,  as  we  have  said,  the  periodical 
removal  by  the  scavengers  of  a  corporation  is  unobtainable,  we  have  to  decide  in 

what  manner  the  excreta  shall  be  treated.  Under  these  circumstances,  the  dnr- 
earth  system  offers  the  greatest  possible  assistanca  The  objections  to  its  use  in 

large  towns — objections  which  consist  mainly  in  the  large  amount  of  earth  \»*hicli 
would  be  required,  and  in  the  carelessness  of  the  inhabitants  in  disposing  of  slop 
water,  would  have  no  place  here.  In  single  houses,  in  public  institutions,  and  even 

in  villages,  it  is  easy  to  educate  people  to  exercise  the  necessary  care,  and  then  tLe 

best  possible  results  are  obtained.  All  that  is  required,  in  addition  to  the  earth- 
closet  and  to  the  drying  and  sifting  of  the  earth,  is  a  place  where  the  pail  contents 
may  remain  until  the  action  of  the  earth  upon  the  excreta  is  quite  complete,  and 
this  place,  it  must  be  recollected,  must  be  one  where  no  wet  can  enter. 

A  comparatively  small  plot  of  land  will  supply  the  earth  that  is  required  in  ihe 
first  instance,  and  the  means  for  its  ultimate  disposal  after  usa  In  villages  where 

the  size  of  cottage-gardens  is  too  small  for  each  occupier  to  make  his  own  arrange- 
ments, tliese  must  be  made  by  those  to  whom  the  cottages  belong.  It  will  Uien  be 

necessary  to  employ  a  man  to  prepare  the  earth  and  to  keep  the  hoppers  chained 
with  a  constant  supply.  A  small  kiln  will  be  found  to  bo  useful  for  t^  purpose, 
and  the  subsequent  removal  of  the  closet  contents  need  cause  no  difficulty.  Farmers 

gladly  undertake  this  task  for  the  value  of  the  manure,  and  are  indeed  generally 
willing  to  supply  earth  for  the  purpose  if  it  is  required.  In  the  course  of  Mr. 

Hadcliffe's  inspection,  it  was  only  where  wetness  was  found  that  complaint  was  made 
of  any  offensiveness.      Thus,  at  the  Adelaide  Collieries,  Sheldon,  Bishop  Auckland, 
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we  learn  the  cottagers  were  enthusiastic  in  their  preference  for  the  earth-closet 
to  the  old  midden  closet,  and  more  than  one  spoke  of  its  greater  decency  and  the 
influence  of  this  upon  the  habits  of  growing  children ;  but  one  woman  expressed 
a  preference  for  the  old  privy  smell,  and  in  her  cottage  the  closet  was  found  to 
be  wet. 

If  we  are  able  to  choose  that  method  of  disposal  which  gives  us  the  best  promise 

of  ensuring  health,  cleanliness,  and  decency,  we  should  naturally  select  the  water- 
carriage  ;  but,  if  this  be  impossible,  the  earth  system  undoubtedly  comes  next. 

For  the  i-est,  we  must  recollect  that  it  is  not  only  upon  the  construction,  but  upon 
the  use,  of  any  given  apparatus  that  we  must  depend  for  the  prevention  of  injury 
to  health;  and  the  household  must  therefore  be  educated,  wherever  there  are 
diy  closets,  to  remember  that  the  advantage  which  is  to  be  gained  from  this  mode 
of  refuse-disposal  ceases  the  veiy  moment  slop-water  is  permitted  to  enter  them, 
whether  fixed  receptacles,  tubs,  or  pails  are  used. 
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further  iiu{irovcin'.Mits  in  tliis  direction,  which,  it  is  hoped,  will  be  cflTcctaal  in  con- 

tin  in^  tliis  disease  within  even  naiTOwer  limits.  Under  the  system  for  the  "earlj 

iiotitication  of  infectious  diseases,"  which  is  now  being  introduced  in  Nottiugliam, 
the  authorities  will  become  acquainted  with  the  existence  of  such  diseases  as  enteric 

fever  at  once,  and  they  will  adopt  special  precautions.  These  will  consist  in  providing 

BjH'cial  jiails  (coloured  red)  for  the  infected  houses.  The  pails  will  be  charged  with  & 

strong  chemical  disinfectant,  pix)bably  sulphate  of  iron,  will  be  removed  at  more 

fre(|uent  intervals  than  usual,  and  will  be  dealt  with  in  a  special  manner  at  the 

wharf.  It  Ls  confidently  expected  that  by  this  means  the  death-rate  from  enteric  fever, 

which  has  alt*eady  been  materially  diminished,  will  be  still  further  reduced 
There  is,  of  course,  no  reason  why  the  same  precautions  should  not  be  taken  in 

all  towns  where  movable  receptacles  are  used,  and  the  possibility  of  this  being  done 
is  one  of  the  many  arguments  in  favour  of  the  superiority  of  the  movable  receptacle 
over  the  fixed. 

Much,  too,  of  the  good  results  which  have  attended  the  use  of  the  Nottingham 
tub  is  due  to  the  way  in  which  the  dryness  of  contents  is  ensured.  In  Salford,  for 
instance,  as  a  matter  of  practice  everything  that  can  pass  through  the  sieve  is 

permitted  to  enter  the  pail.  Slop- water  of  course  is  not  rejected  by  the  meshes  of  the 
sieve,  and  thus  the  pail  comes  under  these  circumstances  to  be  far  less  free  from 
imisance  than  it  shduld  be. 

It  is  not  within  our  province  to  discuss  at  greater  length  the  removal  of  this 

matter  by  the  town  scavengers  or  its  subsequent  disposal ;  but  we  must,  in 
conclusion,  consider  the  position  of  a  house  so  situated  that  the  removal  of  pri^j 

contents  must  depend  upon  the  householder  himself.  Placed  in  a  rural  district, 
where  water-carriage  is  impossible,  and  where,  as  we  have  said,  ihe  periodical 
removal  by  the  scavengers  of  a  oor|X)ration  is  unobtainable,  we  have  to  decide  in 

what  manner  the  excreta  shall  be  treated.  Under  these  circumstajices,  the  diy- 

eai*th  system  offers  the  greatest  possible  assistance.  The  objections  to  its  use  in 
large  towns — objections  which  consist  mainly  in  the  large  amount  of  ̂ rth  vrhich 

would  be  required,  and  in  the  carelessness  of  the  inhabitants  in  disposing  of  slop- 
water,  would  have  no  place  here.  In  single  houses,  in  public  institutions,  and  even 
in  villages,  it  is  easy  to  educate  people  to  exercise  the  necessary  care,  and  then  tlie 

best  possible  results  are  obtained.  All  that  is  required,  in  addition  to  the  earth- 
closet  and  to  the  drying  and  sifting  of  the  earth,  is  a  place  where  the  pail  contents 
may  remain  until  the  action  of  the  earth  upon  the  excreta  is  quite  complete,  and 
this  place,  it  must  be  recollected,  must  be  one  where  no  wet  can  enter. 

A  comparatively  small  plot  of  land  will  supply  the  ecu-th  that  is  required  in  the 
first  instance,  and  the  means  for  its  ultimate  disposal  after  use.  In  Tillages  where 

the  size  of  cottage-gardens  is  too  small  for  each  occupier  to  make^  his  own  arran^ 
nients,  these  must  be  made  by  those  to  whom  the  cottages  belong.  It  will  then  be 

necessary  to  employ  a  man  to  prepare  the  earth  and  to  keep  the  hoppers  charged 
with  a  constant  supply.  A  small  kiln  will  be  found  to  be  useful  for  tJus  purpose, 
and  the  subsequent  removal  of  the  closet  contents  need  cause  no  difficulty.  Fanners 
gladly  undertake  this  task  for  the  value  of  the  manure,  and  are  indeed  generally 
willing  to  supply  earth  for  the  purpose  if  it  is  required.  In  the  course  of  Mr. 

Radcliife's  inspection,  it  was  only  where  wetness  was  found  that  complaint  was  maile 
of  any  offensiveness.      Thus,  at  the  Adelaide  Collieries,  Sheldon,  Bishop  Auckhind, 
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we  learn  the  cottagers  were  enthusiastic  in  their  preference  for  the  earth-closet 

to  the  old  midden  closet,  and  more  than  one  spoke  of  its  greater  dec'ency  and  the 
influence  of  this  upon  the  habits  of  growing  children ;  but  one  woman  expressed 
a  preference  for  the  old  privy  smell,  and  in  her  cottage  the  closet  was  found  to 
be  wet 

If  we  are  able  to  choose  that  method  of  disposal  which  gives  us  the  best  promise 

of  ensuring  health,  cleanliness,  and  decency,  we  should  naturally  select  the  water- 
carriage;  but,  if  this  bo  impossible,  the  earth  system  undoubtedly  comes  next. 

For  the  i-est,  we  must  i-ecollect  that  it  is  not  only  upon  the  construction,  but  upon 
the  use,  of  any  given  apparatus  that  we  must  depend  for  the  prevention  of  injury 
to  health;  and  the  household  must  therefore  be  educated,  wherever  there  are 
dry  closets,  to  remember  that  the  advantage  which  is  to  be  gained  from  this  mode 
of  refuse-disposal  ceases  the  very  moment  slop-water  is  permitted  to  enter  them, 
whether  fixed  receptacles,  tubs,  or  pails  are  used. 



WATER. 

Dj  pHorEHdOB  F.  R.  !i  KBAKCoid  db  Cuaumont,  M.D.,  F.R.S. ;   Rogers  Field,  B..t, 

M.IssT.C.E. ;   AND  J.  Wallace  Pegcs,  CE.* 

CHAPTER   LXXVL 

THE   RELATION   OF   WATER  TO    HEALTH    AND   DISEASE. 

Qnuitity  of  Wat«ir  required  per  head — Soaroes  of  Water-Bopply— Qualities  of  Water— PalataUeoeai- 

HardneM—Impuritiet— Effect  of  Impure  Water  uiK>n  Health—  Diaseminatioii  of  Disease— M^^talk 
Poiaoniug. 

Water  is  one  of  the  prime  necessaries  of  life,  second  only  to  air  in  imporUDe^. 

Without  air  life  comes  quickly  to  an  end  ;  without  water  the  process  is  slower  1^: 

none  the  less  sure ;  whereas  without  food  life  has  been  prolonged  for  a  consideraU? 

l)eriod  so  long  as  water  has  been  obtainable.     Water  used  of  old  to  be  called  one  of 

the  elements,  before  chemistry  overthrew  the  crude  notions  of  ancient  philosopby. 

and  it  is  not  yet  a  hundred  years  since  it  was  sho\%ii  to  be  a  compound  boiy 
Cavendish  and  Watt  dispute  the  honour  of  the  discovery,  but  like  every  otkr 

discovery  it  was  led  up  to  by  the  labours  of  others — ^by  those  of  Priestly,  who  di- 
covered  the  gas  oxygen,  and  the  existence  of  inflammable  air,  afterwards  caLti: 
hydrogen ;  and  those  of  Lavoisier,  whose  brOliant  discoveiy  of  the  union  of  oxvi;?: 
with  other  bodies  laid  the  foundations  of  modern  chemical  science.     Wat<er,  tben.  u 

a  combination  of  the  two  gases — ^hydrogen  and  oxygen — in  certain  proportions,  t^  ■ 
parts  by  measure  of  the  former  to  one  of  the  latter.     In  chemical  symbols  it  i^ 

commonly   expressed    as    H^O.      One  of  the   ancient  philosophers,^  Thales,  W' 
down  as  the  principle  of  his  school,  t^oitrrov  fi\v  SJktp  (water  is  the  best),  meaniu 

thereby  that  water  was  the  origin  of  all  life.     Although  we  now  know  that  mnd 

of  his  reasoning  was  false,  yet  there  is  no  doubt  that  he  there  recognised  a  groi^' 
principle — namely,  the  absolute  necessity  of  moisture  for  all  organic  life.     We  h^ 

accordingly  that  the  elements  of  water  enter  into  the  com^wsition  of  everything  thi' 
has  life,  and  that,  further,  water,  as  water,  is  also  in  greater  or  less  quantity  in  ev^"^ 
tissue  of  both    plants  and  animals.       Everything  that  we  eat  contains  watt^r  I 

greater  or  less  quantity,  as  a  reference  to  a  table  of  the  composition  of  food  will  ̂* 

once  show.     Thus  every  pound  of  butcher's  meat  contains  three-quarters  of  a  pocr-^ 
of  water,  every  pound  of  potatoes  the  same,  every  pound  of  bread  about  two-fir-* 

of  a  pound,  and  so  on.     Green  vegetables  contain  about  nine-tenths  of  their  \f&^' 
of  water,  smd  milk  and  all  beverages  whatsoever  consist  for  the  most  part  of  w^<^' 
Looking  at  these  facts,  and  still  further  at  this  one,  that  our  own  bodies  are  pi^ 

nearly  three  parts  water,  it  will  be  easily  understood  what  sm  important  part  vntr 

plays  in  our  existence,  even  if  we  were  not  convinced  of  it  by  ordinary  pmcti:^ 
experience. 

*  Chapters  LXXVI.  to  LXXVIII.,  which  deal  with  the  matter  from  the  Medical  point  of  ▼!«▼  «» 
by  Professor  De  Chaumont.  The  subsequent  chapters,  treating  of  the  Engineering  aspects  of  u< 
question,  are  by  Messrs.  Kogers  Field  and  J.  Wallace  Peggs  jointly. 
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