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th e m s e lv e s  in  a  ta n k .”  *  *  *  f f I t  is  s u p p o s e d  th a t
‘ c a s te ’  p r e ju d ic e s  a re  su ch  as to  p r e v e n t  n a t iv e  h o s p ita ls  
b e in g  p r o p e r ly  b u ilt  a n d  s u p p lie d  w ith  re q u is ite s  f o r  th e  
s ick . B u t  th is  h a s  to  b e  p r o v e d  b y  g iv in g  n a t iv e s  a p r o p e r ly  
c o n s t r u c te d  a n d  p r o v id e d  h o s p ita l . T h e r e  a re  p le n ty  o f  
f c a s te  p r e ju d ic e s ’ in  th is  c o u n tr y  [E n g la n d ]  a g a in s t  g o o d  
h o s p ita l  c o n s t r u c t io n ; b u t  g o o d  h o s p ita l  c o n s t r u c t io n  
a d v a n c e s  n e v e r th e le s s .”

M u c h  m o re  t o  th e  sa m e  e f fe c t  w ro te  M iss  N ig h t in g a le ,  
a m p ly  s u p p o r te d  b y  th e  fa c t  o f  th e  ca se . H a v e  th e se  d e fe c ts  
b e e n  r e m e d ie d  s iu ce  th a t  t im e  ? A  fe w  o f  th e  m o s t  g la r in g  
c e r ta in ly  h a v e , a n d  in  th e  ca se  o f  s o m e  o f  th e  la r g e s t  c iv i l  
h o s p ita ls  a n d  th e  c h ie f  f s ta t io n ’ h o s p ita ls  a  h ig h  d e g r e e  
o f  c o n s t r u c t io n  a n d  m a n a g e m e n t  h a v e  b e e n  m a in ta in e d , 
b u t  th e re  is  n o  d o u b t  th a t  w ith  r e g a r d  to  m a n y  o f  th e  
la r g e r  a n d  n e a r ly  a l l  o f  th e  s m a lle r  h o s p ita ls , m o s t  o f  
th e  a b o v e  d e f ic ie n c ie s  s t i l l  o b ta in . T h e  o r d in a r y  n a t iv e  
r e g im e n ta l  h o s p ita l  is  th e  sa m e  as i t  w a s  t h ir t y  y e a r s  a g o  
a n d  th e  h a b its  a n d  c u s to m s  p e r ta in in g  th e r e to  b u t  s l ig h t ly  
b e tte r . T h e r e  is  n o  d o u b t , h o w e v e r , th a t  f c a s te  p r e ju d ic e s ’ 
h a v e  a  g o o d  d e a l  t o  d o  w it h  th e  la t te r  a n d  h a v e  p r e v e n t e d  
th e  n a t iv e — s o ld ie r  a n d  c iv i l ia n  a l ik e — fr o m  e n jo y in g  m a n y  
e a s ily  m a d e  im p r o v e m e n ts  in  r e g a r d  t o  h is  s u r r o u n d in g s .
I t  is  w o n d e r fu l ,  a l l  th e  sa m e , h o w  t b e  n e t t le  o f  ca s te , i f  f irm ly  
s e iz e d , c e a s e s  t o  s t in g , a n d  h o w  th o s e  w h o  a t  o n e  tim e  
c o n s ta n t ly  a s s e r te d  th a t  t h e y  w o u ld  b e  r u in e d  b o d y  a n d  
s o u l i f  t h e y  w e r e  n o t  a l lo w e d  th e ir  o w n  w a y  o f  d o in g  th in g s , 
h a v e  u lt im a te ly , i f  fa k e n  th e  p r o p e r  w a y , b e e n  lo u d e s t  in  
t h e ir  p ra ise  o f  th e  n e w  a r r a n g e m e n ts .

H o sp ita l S ites .— A s  r e g a r d s  th e  s ite  o f  a  h o s p ita l , th e  
e le m e n ts  w h ic h  o u g h t  to  d e te r m in e  its  p o s it io n  a r e  th e  

f o l lo w in g  :— *

F ir s t ,  a n d  b e f o r e  a l l  o th e r s , p u r i t y  o f  t h e  a tm o s ­
p h e r e .

*  Miss Nightingale, NoteB on Hospitals, p. 29.

/'j5e ■ e°ix



\ * s j s s y j )  h o sp it a l s . 255 3 i j
■. — v

S e c o n d , th e  p o s s ib i l i t y  o f  c o n v e y in g  th e  s ic k  a n d  
m a im e d  to  it.

T h ir d , a c c e s s ib i l i t y  f o r  m e d ic a l  o ff ic e r s , a n d  fo r  
th e  fr ie n d s  o f  th e  s ic k .

F o u r th , c o n v e n ie n t  p o s it io n  f o r  a  m e d ic a l  s c h o o l ,  
i f  th e re  b e  o n e .

O n ly  th e  firs t  n e e d  b e  c o n s id e r e d  h e r e . O n  th is  s u b je c t  
a  r e c e n t  w r i t e r ,*  t a k in g  th e  J a m s e t je e  J e je e b l io y  h o s p ita l  
as a  t y p e , “  a n d  b y  n o  m e a n s  th e  w o rs t  o n e ,”  o f  a  la r g e  
h o sp ita l in  a  la r g e  c i t y ,  r e m a r k s : “  T h e  h o s p ita l  is  n o t  
c r o w d e d  b y  s u r r o u n d in g  b u i ld in g s , a n d  h a s  a  g o o d  
m a r g in  o f  la n d  a b o u t  it . I t  s ta n d s , h o w e v e r ,  in  th e  
m id s t  o f  a  d e n s e ly  b u i lt  a n d  d e n s e ly  p o p u la t e d  p a r t  o f  
B o m b a y .”

“  B e tw e e n  it  a n d  th e  sea , in  th e  d ir e c t io n  o f  th e  p r e v a i l ­
in g  w e s t  w in d , l ie  I f  m ile s  o f  la u d , p a r t  o f  w h ic h  is  m a rs h y  
a n d  p a r t  d e n s e ly  p o p u la t e d  b y  th e  p o o r e r  c la s s e s  ; a n d  th e  
w in d , b lo w in g  o v e r  th e  d is t r ic t  f r o m  th e  A r a b ia n  S e a , 
lo s e s  a  g o o d  d e a l o f  its  p u r it y .  T h e  a c t io n  o f  th e  w in d  
b lo w in g  o v e r  a  to w n  is  n o t  th a t  o f  o n e  s o l id  p la n e  o b je c t  
s l id in g  o v e r  a n o th e r . T h a t  p a r t  o f  th e  w in d  in  c o n t a c t  

w ith  th e  h o u s e s  o n  th e  g r o u n d  e d d ie s  a n d  r o l ls  o n  its  
p a s s a g e , t a k in g  u p  m a n y  im p u r it ie s  o n  its  w a y . T h e  
v e r t ic a l  c ir c u la t io n  th a t  is  s e t  u p  b y  th e  s u n 's  h e a t  a b s o r b e d  
b y  th e  s u r fa c e  o f  th e  g r o u n d  a n d  b y  b u i ld in g s ,  c a r r ie s  
u p  fo u l  a ir  f r o m  a lle y s  a n d  g u t t e r s ,  a n d  th e  m o r e  s lo w ly  
th e  w in d  t r a v e ls  o v e r  s u c h  a  d is t r ic t ,  th e  m o r e  o f  th e s e  
im p u r it ie s  i t  w i l l  t a k e  u p . P a s s in g  o v e r  h o u se s  a u d  
c o m in g  to  a n  o p e n  s p a c e , th e  c u r r e n t  o f  a ir  d e s c e n d s  u n til  
i t  m e e ts  w ith  n e w  o b s t r u c t io n s .”

“  I n  th is  m a n n e r  th e  h o s p ita l  w it h  its  w a r d s  r a is e d  
s l ig h t ly  a b o v e  th e  g r o u n d  le v e l ,  is  v e n t i la te d  w ith  a ir  o f  
c o n s id e r a b ly  r e d u c e d  p u r ity , a s s u m iu g  th e  se a  b r e e z e  t o  
b e  th e  s ta n d a r d .”

* Wallace, o p . c i t . ,  p. 214. •
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A  h o s p ita l , th en , r e q u ire s  n o t  o n ly  a  s ite  fu l f i l l in g  a ll 
th e  u su a l c o n d it io n s , b u t  o n e  to  w h ic h  th e r e  is  u n lim ite d  
a c ce s s  o f  r e a lly  p u r e  a ir .

H ospital Designs.— N e x t ,  th e  d e s ig n  o f  th e  b u i ld in g  h as 

t o  b e  c o n s id e r e d . A l l  m o d e r n  h o s p ita ls ,*  o f  a n y  s ize , are  
c o n s t r u c t e d  on  th e  p r in c ip le  o f  se p a ra te  b lo c k s  o r  pavilions 
jo in e d  t o g e t h e r  b y  a lo n g  p a s s a g e  o r  c o r r id o r . E a c h  o f  
th e s e  p a v il io n s  c o n ta in s  o n e  o r  tw o  w a r d s  ( i f  t w o -s t o r e y e d ) ,  
r a r e ly  m o re , a n d  h a s  b e lo n g in g  t o  it  a  c o m p le te  se t o f  r o o m s  
f o r  th e  u se  o f  th e  m e d ic a l  o ffice r , n u rse , e t c . ; f o r  c o o k in g  
s p e c ia l  d ish e s  ; a  w a it in g -r o o m  fo r  p a t ie n ts  ; a  l in e n -r o o m , 
e t c .  T h e s e  a re  g e n e r a l ly  a r r a n g e d  so  as  t o  o c c u p y  th e  
s p a c e  o n  e ith e r  s id e  o f  th e  s h o r t  p a s s a g e  le a d in g  fr o m  th e  
m a in  c o r r id o r  t o  t h e  w a r d . T h e n  co m e s  th e  w a r d  it s e l f ,  
a n d  f in a lly , a t  th e  fa r  e n d  o f  th e  w a r d , th e  b a th  r o o m  a n d  
la v a to r y  o n  o n e  s id e , th e  la tr in e s  o n  th e  o th e r , b o t h  th e se  
la t te r  b e in g  m o re  o r  le ss  c o m p le t e ly  is o la te d  o r  c u t  o ff  f r o m  
th e  g e n e r a l  w a rd . T h is  a r r a n g e m e n t  c a n  e a s ily  b e  u n d e r ­
s to o d  f r o m  th e  a n n e x e d  p la n s . T h e  p a v i l io n s  m a y  b e  
p la c e d  s id e  b y  s id e  o r  in  lin e , a c c o r d in g  as th e  h o s p ita l  is 
la r g e  (o v e r  1 0 0  b e d s )  o r  sm a ll, a n d  a re  p la n n e d  to  a l lo w  o f  
f r e e  p e r f la t io n  b y  m e a n s  o f  c r o s s  v e n t ila t io n , a b u n d a n t  
l ig h t  a n d  e a sy  c o m m u n ic a t io n . T h e  d is ta n c e  b e tw e e n  th e  
p a v i l io n s  s h o u ld  b e  at least tw ic e  th e ir  h e ig h t  in  a  g o o d  
s itu a t io n  : n o  h o s p ita l  s h o u ld  b e  b u ilt  in  a  b a d  s itu a t io n .
T h e  d e ta ils  o f  s iz e , n u m b e r  o f  w a rd s , e t c .,  c a n n o t  b e  c o n ­
s id e r e d  h e r e , b u t  n o  w a r d  s h o u ld  c o n ta in  m o r e  t h a n  2 0 — 30  
b e d s , a n d  th e r e  s h o u ld  b e  sm a lle r  w a rd s  o f  4  b e d s  in  th e  
p a v i l io n  f o r  s p e c ia l  ca s e s  r e q u ir in g  e x t r a  ca r e , w a r m th  o r  
c o o ln e s s ,  e t c .

Ventilation .— T h e  m e a n s  o f  v e n t ila t io n , th e  a m o u n t  o f  
a ir  s u p p ly ,  c u b ic  s p a c e  a n d  s u p e r fic ia l a re a  h a v e  n e x t  to  b e  
c o n s id e r e d .  T h is  h a s  a lr e a d y  b e e n  d o n e  t o  a  c e r ta in  
e x t e n t  a n d  th e  ru le s  th e re  g iv e n  m a y  b e  r e fe r r e d  t o . f  
O n e  o f  th e  c o m m o n e s t  e r ro rs  in  th is  c o u n t r y , as  in  th e  c a s e  
o f  th e  h o s p ita l  a t  T r im u lg h e r r y , b e fo r e  r e fe r r e d  to , is  to

With few exceptions. + v. Chap, i, pp. 23, 33.
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P L A T E  X I V .

HOSPITAL AND WARD PLANS.
Piguro 1. Diagrams illustrating Designs for Hospitals on tlio ‘ Pavilion’

System. In each figure there is a Centail Administration Block 
with Single, Donble, or Multiple Pavilions in connection there- 
with.

Figure 2. Plains of Wards, to shew various Arrangements of the Beds. In 
(a) there are double wards (as at Madras General Hospital) 
in (6) there are two beds between each window ; in (c) the 
proper arrangement of beds is shown. (After Burdett.)

Figure 3. Plan of a Ward in a Modern Hospital arranged on the pavilion 
plan. Each pavilion contains one, two, or three such wards, 
according as it has one or more storeys. The latrine and hath 
room are seen projecting from the outer end of the ward, with 
cross ventilation between. Each ward possesses its own 
Examining Room, Nurse’s Day Room, Ward for Special Oases,
Kitchen for preparation of Special Food, etc., Convalescent 
Room for use of Convalescent Patients—a most important 
provision, Bath Room foruse of Convalescents, etc., etc. The 
wards are connected with each other by means of long and 
airy ‘ corridors’ or passages ruuuing throughout the whole 
length of the building, in which the air is kept fresh and warm 
(if necessary), thus affording an excellent place of exercise for 
those who are well enough to enjoy it.

Figure 4. Plan of Circular Ward as adopted in some Modern Hospitals. The 
 ̂ advantages of this form over the ordinary oblong pavilion are

by uo means evident; though it is conceivable that in a very 
stagnant tropical climate the circular pattern might be cooler 
and more easily ventilated. In this latter case the central 
ventilating shaft (shewn in plan), might be carried well up 
above the roof aud warmed by sun heat in the day time and 
by a small charcoal fire near its outlet at night.
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b u i ld  lo f t y  w a rd s  a n d  to  fill t liem  w ith  b e d s  so  th a t  e a c h  
p a t ie n t  lia s  a b o u t  2 5 — 3 0  sq . f t .  o f  s u p e r fic ia l  a re a  in s te a d  
o f  a t  le a s t  8 0 — 100  sq . f t .  S u c b  a  m is ta k e  m u st b e  c a r e ­
fu l ly  a v o id e d .  F o r  s u p p ly in g  f r e s h  a ir , m o s t  m o d e r n  
h o s p ita ls  a re  so  a r r a n g e d  th a t  t h e  w a rd s  ca n  b e  v e n t i la t e d  
b y  s im p le  p e r fla t io n , d u r in g  fin e  w e a th e r , a n d  b y  a r t if ic ia l  
m e a n s  w ith  w a rm  a ir , d u r in g  c o ld  o r  w e t  w e a th e r . N o  
h o s p ita l  in  I n d ia  is  as y e t  s u p p lie d  w ith  p u r e , c o o l  a ir , 
t h o u g h  i t  is  h ig h ly  d e s ir a b le  th a t  th e y  s h o u ld  a l l  b e .  
In s te a d  o f  th e  w e a r y , s le e p le s s  n ig h t s  so  t r y in g  t o  e v e r y  
o n e , b u t  m u ch  m o r e  t o  th e  s ic k , to  w h o m  in d e e d  it  o f t e n  
m e a u s  d e a th , th e r e  w o u ld  b e  th e  t m s p e a k a b le  b le s s in g  o f  
c o o l ,  f r e s h  a ir  b r in g in g  w ith  it  th e  m u c h -n e e d e d  s le e p  a n d  
r e n e w a l  o f  th e  b o d i ly  p o w e r s . I t  is  e a r n e s t ly  t o  b e  h o p e d  
th a t  th is  s u b je c t  w i l l  s h o r t ly  r e c e iv e  t l ie  a t te n t io n  it  
d e s e r v e s  a n d  th a t  o n c e  h o s p ita ls  h a v e  b e e u  c h e a p ly  a n d  
e f fe c t iv e ly  s u p p lie d  w ith  c o o l ,  p u r e  a ir , th e  sa m e  b e n e f it  
m a y  b e  e x t e n d e d  t o  d w e l l in g  h o u s e s , h o t e ls  a n d  o th e r  
h a b ita t io n s .*  N o  m e th o d  o f  n a tu ra l v e n t ila t io n  is  s u ff ic i­
e n t  f o r  lu d ia n  h o s p ita ls , s a v e  p o s s ib ly  fo r  th e  c o ld  se a s o n ,

* Mr. Wallace, op. c it., considers this subject carefully and lias some 
pertinent remarks thereon. “ It is unfortunate that in spite of the large 
sums that have been spent in India on the construction, furnishing and 
maintenance of hospitals, the subject of ventilation has been almost 
entirely neglected. If ample cubic space per patient, and plentiful com­
munication with the outer air were sufficient, there is little to complain of, 
but if air for breathing may be regarded as a medicament which should 
be supplied of the best possible quality, to the patient, there is scarcely 
a hospital in the country that is not open to the charge of administering 
an inferior article.” *  *  *  “  The quantity of air passing through the
wards depends almost entirely upon the velocity of the wind, and when 
we follow up the question of air supply to single individuals, all idea of 
systemaiic ventilation is lost.” * * * “  The absence of data regarding
the impurities of the atmosphere, and indeed of air analysis of any kind 
in India, is a most regretable circumstance, as it prevents any calculation 
ns to the exact minimum quantity of air that should pass each patient 
per hour in the hospital. Even in llombay where immense sums have 
been expended in sanitary work the Corporation refused to sanction the 
expenditure of Rs. 300 a month for some months in air analysis which 
would have been of the greatest value in furnishing a true and reliable 
basis for many of the works on which the health of the people depend.” 
In his thoughtful work, Practical Observations on the Hygiene of the 
Army in India, Stewart Clark, M.R.C.S., late Inspector-General of 
Prisons, N.W.P., described in detail a proposed system of ventilation for 
hospitals, barracks, etc. It was tried in Agra jail (u. footnote, p. 29) but 
I have been unable to obtain any information on the subject beyond the

3 3 a
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a n d  it  fr e q u e n t ly  h a p p e n s  th a t  d u r in g  m o n s o o n  tim e  th e  
w h o le  b u i ld in g  h a s  to  b e  c lo s e d  fo r  m a n y  h o u rs  o n  o n e  o r  
b o t li  s id e s , b y  re a so n  o f  th e  v io le n c e  o f  th e  w in d  a n d  ra in .
In  su ch  a ca se , th e  h e a t  a n d  stu ffin ess  b e c o m e  v e r y  t r y in g  
at once a n d , o w in g  to  th e  d a rk n e ss  a n d  a b s e n c e  o f  p e r f la ­
t io n , th e  m o sq u ito e s  sw a rm  fr o m  e v e r y  c o r n e r  a n d  w o r r y  
th e  p a t ie n ts  s till fu r th e r .

T h e  a c tu a l fo r m  o f  th e  h o s p ita l  iu  I n d ia  s h o u ld  b e  th a t  
o f  a  se r ie s  o f  b lo c k s  o r  p a v il io n s  as  b e fo r e  d e s c r ib e d , b u t  
th e  d e ta ils  o f  th e  d e s ig n  m u st v a r y  v e r y  m u ch  a c c o r d in g  
t o  th e  in te n d e d  s ize , th e  m o n e y  a v a ila b le , th e  lo ca l c lim a te  
an d  m a n y  o th e r  c o n d it io n s . C o o ln e ss  o f  th e  b u i ld in g  is o f  
c o u r s e  im p o r ta n t , b u t  it  m u st  b e  r e m e m b e r e d  th a t  c o o ln e s s  
a t n ig h t  is  m o re  e sse n tia l th a n  c o o ln e s s  d u r in g  th e  d a y , so  
th a t  th e  w a lls  m u st n o t  b e  m a d e  to o  th ic k  n o r  th e  e a v e s  to o  . 
lo w . B r o a d , sh a d e d , v e r a n d a h s *  fo r m  u se fu l a n d  p lea sa n t 
lo u n g e s , a n d  th e  e x p o s u r e  o f  th e  h o s p ita l  s h o u ld  b e  su ch  
th a t  th e  d ir e c t  r a y s  o f  th e  su n  fa ll p r in c ip a l ly  on  th e  e n d s  
a n d  n ot on  th e  s id e s  o f  th e  p a v il io n s . W it h  a  sy s te m  o f  
e ffic ie n t  a r t if ic ia l v e n t ila t io n  g iv in g  an  a b u n d a n t  s u p p ly  o f

filet that it lias fallen iuto disuse ‘ apparently because it did not prove a 
success It is to be feared that this is an example of a laisser faire policy 
adopted by a successor of the energetic inventor. It conld he applied and 
worked much more easily than formerly, in large towns, by the use of a 
small gas engine or water motor. “  The tunnel plan was tried somo 
years ago at Agra and was not well thought of. But everythin^ depends on 
the mode of making the tunnel.”  (Barkes-Notter, p. 522.)° it must go 
deep enough and be absolutely impervious to ground air. Clark’s 
method should be carefully examined and modified if necessary, by a prac­
tical Sanitary Engineer and then tried thoroughly at some large "hospital 
or barracks. When the_ external atmosphere is warm and moist at the 
same time (the most trying condition of things in this country, especially 
for the sick and debilitated), some special method of cooling it wonld have 
to be invented, but for ordinary use, khas-khas screens or metal shafts
covered with moistened cloth (v. p. 227) wonld be quite sufficient. The
subject is worthy the attention of practical engineers, i'e., after means and 
opportunity have been given by the authorities for the obtaining of data to 
go upon Mr. Wallace’s proposals (op. cit., p. 219, et seq.) are of much the 
same nature as Stewart Clark’s, or even simpler. The cost wonld be very 
small, not merely relatively to the advantages gained, but actually, and as 
compared wuh the system of steam-driven punkahs (the best of their kind 
in India) in the General Hospital, Madras, infinite! v better for the patients

ihe verandahs should have openings in their highest parts for ventil­
ation and, if necessary, shafts projecting upwards from the openings. 
Double verandahs are a mistake and interfere seriously with ventilation



c o o l  a ir , th e  g r e a te r  a t te n t io n  c a n  b e  p a id  to  s e c u r in g  a  c o o l  
b u i ld in g ;  b u t  in  th e  o r d in a r y  In d ia n  h o s p ita l , as  in  th e  
b u n g a lo w , th e  sm a ll s iz e  a n d  p a u c ity  o f  th e  w in d o w s , th e  
d e e p  a n d  lo w  v e r a n d a h s  m e a n  th e  s a c r if ic e  o f  l ig h t  a n d  p u re  
a ir  in  o r d e r  to  s e c u r e  a  s l ig h t ly  lo w e r  te m p e r a tu r e . O f  th e  
tw o  e v ils , s l ig h t ly  g r e a t e r  h e a t  is  fa r  le ss  in ju r io u s  th a n  
im p u re  a ir  a n d  th e  a b s e n c e  o f  s u ffic ie n t  l ig h t .

A l l  h o s p ita ls  in  th e  p la in s  s h o u ld  b e  e n t ir e ly  w h ite *  
w ith  th e  e x c e p t io n  o f  th e  chicks (r a t ta n  b l in d s ) ,  w in d o w s  
a n d  d o o r s  w h ic h  s h o u ld  b e  g r e e n .t  T h e  f lo o rs  m u st b e  
m a d e  o f  s o m e  im p e r m e a b le  m a te r ia l , c e m e n t  o r  c o n c r e t e  
b e iu g  th e  b e s t .J  A s p h a lt e  is fa ir ly  g o o d §  a n d  is  c h e a p e r .
T h e  im p e r m e a b le  w o o d e n  f lo o r s  so  m u c h  u s e d  in  c o ld e r  
c o u n tr ie s  lo o k  w e l l  b u t  a re  u n n e c e s s a r y  in  Ind ia ., w h e re  

^ co o lu e ss  n o t  w a rm th  is  th e  desideratum, a n d  a n  I n d ia n  
h o s p ita l  s h o u ld  h a v e  as lit t le  w o o d  a b o u t  it  a s  p o s s ib le  
T h e  w a lls  m u st  b e  o f  im perm eable||  m a te r ia l  a ls o , e ith e r

* This important point is emphasised by Wallace, op. cit., p. 195, et seq.
With reference to roofs, he says, “  A terrace roof, as generally constructed, 
offers very little advantage over the tiled roof. It is white at first, when 
new, but it soon becomes black with fungoid growths, and, being nearer the 
floor than the tiled roof, is often hotter. Being of greater mass, it cools 
more slowly at night. The temperature has been observed as hi<di ns 
120’  F. on the parapet of a terraced roof which had been blackened by iwb 
and fungoid growths.”  * * * “  Whitewash will only adhere to a clean 
surface: if applied to a surface blackened by fungoid matter, the lime will 
scale off.”

“ An excellent lime wash that will adhere to stone, iron or glass may be 
made by mixing 10 percent, of any comntou vegetable oil with the lime 
while slaking. The lime to be weighed dry. If the oil does not saponify 
and incorporate with the lime, it must bo boiled a little until the oil dis­
appears, Castor oil must not be used. The oil forms with the lime an 
insoluble soap, which, when once dry, will not wash off with heavy rain.
It must be strained and applied in the usual manner.” A reduction of 26° 
in the temperature was obtained by means of a coating of this substance 
applied to the corrugated iron roof of the Bombay Tramways Company.
It cost 1 L annas per 1,000 scjuare feet, labour and materials included.

t  If exposed to direct-sunlight, the outer sides should be painted white, 
so^that the incoming air is not heated.

+ I arkes, on the strength of a remark by Chevers, apparently, objects to 
cement as wearing into holes and being dusty ; but good cement, well laid 
and of sufficient thickness, is certninlv better than anything else for use 
in the tropics.

§ One disadvantage is that for some time after laying the asphalte, it 
blackens everything that comes in contact with it, such as the feet of the 
patients, and these in turn dirty all betiding, etc.

|| f, p. 233. Certainly not permeable as proposed by various writers,
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c e m e n t  o r  p o l is h e d  c liu n a m , o r  in  s p e c ia l  ca se s , g la z e d  t ile s  
se t  in  c e m e n t . P r o b a b ly  th e  m o s t  e f fe c t iv e  w a ll w o u ld  b e  
w h ite  o r  c o lo u r e d  t ile s  in  c e m e n t  to  a  h e ig h t  o f  f o u r  fe e t  
fr o m  th e  f lo o r  a ll r o u u d  tlie  w a rd  w ith  c e m e n t  o r  p o l is h e d  
l im e  a b o v e  th a t . O r d in a r y  p la s te r , b e in g  a b s o r p t iv e  o f  
d ir t  a n d  m o is tu re , m a k e s  th e  w o r s t  w a l l ; in  th is  ca se , th e  
p la s te r  s h o u ld  b e  r u b b e d  s m o o th  a n d  c o v e r e d  w ith  s e v e ra l 
c o a ts  o f  o il  p a in t . A  g o o d  id e a  is  t o  jo in  th e  w a lls  w ith  
th e  f lo o r  a n d  c e i l iu g  b y  a c o n c a v e  m o u ld in g  so  a s  to  
o b v ia t e  a n g le s  f o r  d u s t  a n d  d ir t  to  l o d g e  in . T h e  b e s t  
c e i l iu g  is m a d e  b y  f i l l in g  in  th e  s p a c e s  b e t w e e n  th e  b e a m s  
w ith  c e m e n t  a n d  p a in t in g  th e  w h o le  o f  a  w h ite  c o lo u r  w ith  
o il p a in t . I f  p ic tu r e s  a re  h u n g  o n  th e  w a lls , p ic tu r e  w ire  
m u st b e  u se d , n o t  c o r d ,  a n d  th e  fr a m e s  m u st b e  q u ite  
s im p le . A l l  p ic tu r e s , e t c . ,  s h o u ld  b e  ta k e n  d o w n  o n c e  a 
m o n th  a u d  d u s te d  o u ts id e  th e  w a r d .

I t  is  im p o ss ib le , in  th is  m a n u a l, to  g o  in to  th e  v a r io u s  
d e ta ils  o f  h o s p ita l  h y g ie n e , b u t  it  m u st b e  r e m e m b e r e d  th a t  
n o  d e ta il ,  h o w e v e r  t r iv ia l  a p p a r e n t ly , is  t o o  sm a ll to  b e  
n e g le c t e d .  T h e  o c c u p a n ts  o f  th e  h o s p ita l  a re  s ic k  p e o p le  
f ig h t in g  fo r  l i fe ,  as it  w e r e , a u d  e v e r y  t h in g  s h o u ld  b e  so  
o r d e r e d  a n d  c a r r ie d  o u t 'a s  to  g iv e  th e m  a ll p o s s ib le  h e lp  
in  th e  s t r u g g le . T h e ir  b e d s , b e d d in g ,  c l o t h in g  a u d  f o o d ,  
th e ir  h o u rs  o f  r is in g ^  a n d  r e t ir in g  t o  b e d , th e ir  e x e r c is e  
a n d  a m u se m e n ts , a re  a ll to  b e  c a r e fu l ly  p la n n e d  a n d  l o o k ­
e d  a f t e r ,  a u d  it  g o e s  w ith o u t  s a y in g  th a t  th e  p r a c t ic a l  
sa n ita t io n  o f  th e  w h o le  p la c e  s h o u ld  b e  as  p e r fe c t  as s k ill  
a n d  z e a l c a n  m a k e  it .

O n e  im p o r ta n t  p o in t  r e m a in s  to  b e  n o t ic e d  a n d  th a t  is  
th e  p o s it io n , in  g e n e r a l  h o s p ita ls , o f  th e  w a r d s  w h ic h  a re  *

* A most injurious practice for the sick is confining them rigidly to 
certain hours for rising, sleeping, eating, etc. llegularity is of course 
essential both for patients and their attendants, but wherever necessary, 
permission to remain in bed, to smoke in bed, and any other little indul. 
pence, should be freely given so as to avoid undue weariness, depression 
or irritation. The golden rule to ‘ do unto others as we would be done by’ 
has special application here. The staffs of hospitals, from the medical 
officers to the sweepers, are so often overworked, however, that it is most 
difficult aud requires the greatest self-denial, to invariablv carry out this 
moral obligation,
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to  b e  o c c u p ie d  b y  n a t iv e s . T h e s e  la t te r , p o o r ly  c la d  a n d  
m is e r a b ly  n o u r is h e d  as a  c la s s , a re  v e r y  s e n s it iv e  to  a n y ­
t h in g  l ik e  c o ld ,  a n d  i f  p la c e d  iu  w a r d s  s itu a te d , sa y  o n  a 
t h ir d  s t o r e y , a re  su re  to  s u ffe r  d u r in g  r a in y  o r  c o ld  
w e a t h e r ,  i.e., fo r  m o re  th a n  s e v e n  m o n th s  d u r in g  th e  y e a r .
W h i l s t  th e  w a r d s  s h o u ld  h a v e  p le n t y  o f  f r e s h  a ir , c o n t i ­
n u a lly  r e n e w e d , i t  is  im p o s s ib le ,  so  l o n g  as d ir e c t  p e r f la t io n  
is  th e  m e th o d  o f  v e n t ila t io u  in  u se , t o  in s u r e  a  s u ffic ie n t  
s u p p ly  o f  s u c h  fr e s h  a ir  d u r in g  w e t  o r  c o ld  w e a th e r , ’ w ith ­
o u t  th e  n a t iv e  s ic k  b e in g  in ju r io u s ly  a f fe c t e d .*  F in a lly ,  
n o  h o s p ita l  s h o u ld  h a v e  d o u b le  w a r d s , as  it  w e r e , so  th a t  
th e re  a re  f o u r  b e d s  in  a  s t r a ig h t  l in e  b e t w e e n  e a c h  w in d o w  : 
in  s u ch  a  c a s e  th e  v e n t ila t io n  is  c e r ta in  to  b e  d e f i c ie n t .t  
T h e r e  s h o u ld -b e  a  d o u b le  l in e  o f  b e d s  o n ly , a  lo w  w in d o w  
b e in g  p la c e d  b e tw e e n  e a c h  p a ir  o f  b e d s ,  a n d  n o  b e d s  
s h o u ld  b e  a l lo w e d  a t th e  e n d s  o f  th e  w a r d . T h e  b e s t  
w a r d s  a re  f r e q u e n t ly .s p o i l t  b y  o v e r c r o w d in g  w ith  f e x t r a ’ 
b e d s , a  p la n  w h ic h  is  a n  in ju s t ic e  b o t h  to  th e  p a t ie u ts  
a lr e a d y  in  o c c u p a t io n  a n d  th e  h o s p ita l  s ta ff , th e  la t t e r  
b e in g  c a lc u la te d  f o r  th e  a u th o r is e d  n u m b e r  o f  s ic k  a n d  
q u ite  in su ffic ie n t  f o r  s u ch  a d d it io n a l  w o r k .

I t  is a lm o s t  u n n e c e s s a r y  t o  a d d  th a t  th e  a d m is s io n  o f  
in fe c t io u s  ca s e s  s u c h  a s  c h o le r a , s m a l l -p o x ,  m e a s le s , e t c . ,  
t o  th e  g r o u n d s  a n d  w a rd s  o f  a  g e n e r a l  h o s p ita l ,  as is  d o n e  
a t  M a d r a s  a n d  p r o b a b ly  e ls e w h e r e , is  a  d i r e c t  v io la t io n  o f

* A good instance of this lias occurred lately at Mndrns General Hospi­
tal. Two very stuffy and defective wards on the ground floor were turned 
into store rooms and the patients transferred to new wards iu the top 
(third) storey of the building. • During very hot weather the patients like 
these wards and do well, but whenever it is cold or chillv during rain, they 
begin to dislike them and that their dislike is well founded is shown bv 
the fact that various diseases such as nephritis, bronchitis, asthma, rheu­
matism, etc., get worse or improve very slowly. The patients, of course, 
get the nurse or ward attendants to close all doors and windows on one or 
both sides, whenover they can persuade them to do so, so that ventilation 
speedily ceases and the other cases suffer. If a third storey must be 
constructed, it should be reserved for European patients only.

t  ^ is  practice obtains at Madras General Hospital where, punkahs and 
all notwithstanding, the air, in still weather, stagnates about the arches in 
the centre of the wards [v. fig. 31, in Miss Nightingale’s Notes on Hospitals).
Otherwise the plan of this hospital is much better than tlioso of others in 
1 ndia and approximates to the pavilion system. The same defect may be 
seen in the Loudon Hospital at Whitechapel in Loudon,
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th e  s im p le s t  ru les  g o v e r n in g  s a n ita ry  m e a su re s  f o r  th e  

p r e v e n t io n  o f  d ise a se .

HOSPITALS FOR INFECTIOUS DISEASES.
C h o le r a  a n d  s m a ll -p o x  a re  th e  c h ie f  d ise a s e s  w liip h  

s h o u ld  h e  t r e a te d  in  se p a ra te  h o s p ita ls  in  th is  c o u n tr y .
E n te r ic  f e v e r  o u g h t  p r o b a b ly  to  b e  t r e a t e d  in  s u ch  h o s p i ­
ta ls , o r  a t a ll e v e n ts  in s p e c ia l  w a rd s  in  g e n e r a l  h o s p ita ls .
I n  E n g la u d , ca s e s  o f  ty p h u s  a n d  s c a r le t  f e v e r s  a re  se n t  to  
‘  in fe c t io u s ’ h o s p ita ls  a n d  ca se s  o f  d ip h th e r ia  s h o u ld  b e  
se n t  a lso . T h e r e  a re  m a n y  s o -c a l le d  h o s p ita ls  f o r  le p e r s  
in  In d ia , b u t  th e se  a re  r e a lly  h o m e s  fo r  in c u r a b le s  a n d  as 
su ch  d o  n o t  fa ll  to  b e  s p e c ia l ly  c o n s id e r e d  h e re .

T h e  p r in c ip le s  w h ic h  g o v e r n  th e  c o n s t r u c t io n  a n d  m a n ­
a g e m e n t  o f  th e se  h o s p ita ls  ai*e th e  sa m e  a s  f o r  g e n e r a l  
h o s p ita ls , b u t  th e re  a re  s o m e  im p o r ta n t  p r a c t ic a l  d i f f e r ­
e n ce s  d u e  to  th e  e le m e n t  o f  c o n ta g io u s n e s s  a n d  to  th e  
t e n d e u c y  to  e p id e m ic  o u tb r e a k s .

I n  th e  first  p la c e , th e  s ite  m u st  b e  e v e n  m o r e  is o la t e d  
a n d  a p a r t  f r o m  o t h e r  d w e l l in g s  th a n  th a t  o f  a n  o r d in a r y  
h o s p ita l ,  y e t  m u st  b e  e a s i ly  a c c e s s ib le  f o r  t h e  s p e e d y  
c o n v e y a n c e  t h ith e r  o f  th e  s ic k . T h e  n e x t  q u e s t io n  to  b e  
s e t t le d  is w h e th e r  th e  h o s p ita l  is  t o  b e  a  p e r m a n e n t  o r  a 
t e m p o r a r y  o u e . T h is  h a s  b e e n  h o t ly  d e b a t e d  in  m a n y  
c o u n tr ie s , th e  tru e  s o lu t io n  o f  th e  d i f f ic u lty  b e in g  e v id e n t ly  
a s  fo l lo w s  : L a r g e  to w n s  s h o u ld  e a ch  h a v e  a  h o s p it a l  o f
th e ir  o w n , s m a lle r  to w n s  o r  th e  v i l la g e s  o f  a  d is t r ic t  s h o u ld  
u n ite  in  h a v in g  a  c o m m o n  h o s p ita l , e a c h  to w n  o r  v i l la g e  
p a y in g  a  pro ra ta  sh a re  o f  th e  c o s t  o f  u p -k e e p .  In  b o t h  
ca se s , as d e s c r ib e d  b e lo w , th e  h o s p ita l  s h o u ld  b e  a  p e r ­
m a n e n t  o n e  o f  sm a ll s iz e , w ith  a  p r e p a r e d  s ite  la r g e  e n o u g h  
to  a llow  o f  c o n s id e r a b le  e x te n s io n  a t  s h o r t  n o t ic e .  U n fo r ­
tu n a te ly , in  th is  c o u n t r y ,  p o v e r t y  o f  th e  p e o p le  a n d  th e  
t e r r ib le  r a p id it y  w it h  w h ic h  c h o le r a  c a r r ie s  o f f  i t s  v ic t im s  
m a k e s  th e  la t te r  p la n  u n fe a s ib le ,  a t  a ll e v e n ts  f o r  th e  
p r e s e n t , a n d  a ll  th a t  ca n  b e  d o n e  is  t o  a r r a n g e  f o r  s m a lle r  
t o w n s  h a v in g  t e m p o r a r y  h o s p ita ls , w h e n  n e c e s s a r y , c o n ­
s t r u c te d  as a fte r w a r d s  d e s c r ib e d .
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F o r  la r g e  to w n s  p r o v is io n  a g a in s t  o u tb r e a k s  o f  in fe c t io u s  
d isea se  sh o u ld  b e  m a d e  th u s. H a v in g  c a lc u la te d  th e  o r d in -  
a ry  re q u ire m e n ts  o f  th e  tow n  in  th e  w a y  o f  a c c o m m o d a t io n  
fo r  c h o le r a , s m a ll-p o x , e tc .,  a n d  t lie  p r o b a b le  re q u ire m e n ts  
in  ca se s  o f  e p id e m ic  o u tb r e a k s , a  s u ita b le  s ite  is f ix e d  u p o n , 
la r g e  e n o u g h  f o r  a n y  p o s s ib le  e x te n s io n  o f  s ic k  a c c o m ­
m o d a tio n . T h is  s ite  is  th e n  p r e p a r e d  w ith  r e fe r e n c e  t o  
d ra in a g e , w a ter  s u p p ly , c o n s e r v a n c y , e t c .,  as i f  a  la r g e  
p e rm a n e n t  h o s p ita l  w as a b o u t  to  b e  e r e c te d , a n d  a t a  su it ­
a b le  sp o t , an  a d m in is tra t iv e  b lo c k  f o r  th e  u se  o f  th e  
m e d ica l o ffice rs , n u rses , w a rd  a tte n d a n ts , e tc .,  is b u ilt  o f  
m o s t  a p p r o v e d  m a ter ia ls  a n d  d e s ig n . N e a r  th is  b lo c k  o n e  
o r  tw o  o th e r  sm a ll p a v i l io n s  o f  o n e , o r  a t th e  m o s t  tw o  
s to r e y s , a re  e r e c t e d  f o r  th e  r e c e p t io n  o f  p a t ie n ts , th e se  
la tte r  b e in g  is o la te d  in  se p a ra te  w a r d s  a c c o r d in g  t o  s e x  
a n d  th e  d isea se  th e y  a re  s u ffe r in g  f r o m . I n  a d d it io n  a  
c o u p le  o f  sm a ll p a v i l io n s  a re  b u i lt  f o r  th e  r e c e p t io n  o f  

d o u b tfu l* *  ca se s , m a le  a n d  fe m a le . T h u s  th e  p e r m a n e n t  
h o s p ita l  its e lf  w o u ld  c o n s is t  o f  (a) an  adm inistrative block, 
a n a n g e d  a c c o r d in g  to  an y  d e s ir e d  p l a n ;  (b) fo u r sm all 
blocks con ta in in g ^  sa.y, fo u r  w a r d s  o f  s ix  b e d s  e a c h , viz., 
two separate small-pox wards, f o r  m a le  a n d  fe m a le  p a t ie n ts  
r e s p e c t iv e ly , a n d  two separate cholera wards ;  (c) tivo sm all 
blocks, e a c h  c o n ta in in g  an ‘ observation’ w a r d  o f  fo u r  b e d s ;
(d) a  laundry  f o r  w a s h in g  a ll c lo th e s , b e d - l in e n , e t c . ,  to  * 
w h ic h  m u st b e  a t ta c h e d  a  disinfecting chamberf  a n d  a 
sm all furnace  f o r  d e s t r o y in g  fo u le d  d r e s s in g s , c lo th s , e tc . ;
(e) a  m ortuary and post-mortem, room; ( / )  stables and 
coach-houses, in c lu d in g  a c c o m m o d a t io n  fo r  o n e  o r  m ore  
s p e c ia l  a m b u la n ce  w a g g o n s  (g) lines f o r  w a r d  c o o l ie s , 
d h o b ie s , s w e e p e r s , e tc .

l h e  w a te r  s u p p ly  m u st b e  g o o d  a n d  a m p le , p r e fe r a b ly

d ia l 'l l® ;! 'n o tT ,,! '*  Indiaj i,\0rd? r,t,,at paT nta 6uffe'.i.11U violent
±. v  P o r f  t i t  iS • co,,ve}'e(l t o  cholera wards, as sometimes happens.

, ' A /  , I etiology and Prevention of Disease. The furnace might 
\  llle j  a 8tnaH incinerator to be used for the destruction of all

refuse matter, and placed in a special corner by itself.
+ ie mspi a should be connected with the town by telephone to the 

central exchange’ office or to the office of the M. O. H.

0
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from a  c o n s ta n t  s u p p ly , a n d  a ll a r r a n g e m e n ts  fo r  d r a in a g e , 
c o n s e r v a n c y , e t c .,  e f fe c t iv e  a n d  o n  a  l ib e r a l  s ca le . T h e  
w a rd s  th e m s e lv e s  s h o u ld  b e  la r g e  a n d  w e l l -v e n t i la t e d , 
a l lo w in g  th e  m a x im u m  o b ta in a b le  o f  fr e s h  a ir , c u b ic  s p a ce  
a n d  su p e r fic ia l  a re a . E x t e r n a lly  t h e y  s h o u ld  b e  w h ite n e d , 
a n d  in te r n a lly  th e  w a lls , f lo o rs  a n d  c e i l in g s  m u st  b e  p e r ­
f e c t ly  s m o o th  a n d  im p e r m e a b le . I n  a d d it io n , th e  d o o r s , 
w in d o w s  a n d  o th e r  o p e n in g s  s h o u ld  b e  v e r y  c a r e fu l ly  m a d e  
so  as t o  a d m it  o f  c o m p le te  c lo s u r e  a n d  t h o r o u g h  d is in fe c ­

t io n  a t in te r v a ls .*

H a v in g ,  th e n , m a d e  a r r a n g e m e n ts  f o r  t r e a t in g  th e  p r o ­
b a b le  n u m b e r  o f  o r d in a r y  ca se s  o f  s m a l l -p o x  a n d  c h o le r a , 
w ith  o b s e r v a t io n  w a r d s  f o r  s p e c ia l  ca s e s  a n d  a n  a d m in is tr a ­
t iv e  b lo c k  la r g e  e n o u g h  f o r  e m e r g e n c ie s , th e  n e x t  p o in t  
c la im in g  a tte n t io n  is  th e  p r e p a r a t io n  o f  t e m p o r a r y  b u i ld in g s  
f o r  th e  r e c e p t io n  o f  n u m e ro u s  ca s e s  d u r in g  a  s u d d e n  o u t ­
b r e a k . F o r  su ch  b u i ld in g s  th e  a c tu a l fo u n d a t io n s  a lo n e  
n e e d  b e  r e a d y  p r e p a r e d . T h e  s o -c a l le d  ( c o n t a g io u s  s h e d s ’ 
a t  th e  G e n e r a l H o s p ita l ,  M a d r a s , t h o u g h  n o t  p e r fe c t ,  a re  a  
g o o d  e x a m p le  o f  th e  ty p e  o f  b u i ld in g  r e q u ir e d  (v. d e s c r ip ­
t io n  a n d  p la n s ) .  E a c h  w a r d  m u st, h ow ev .er , b e  c o m p le te ly  
d e t a c h e d  s a v e  f o r  a c o v e r e d  w a y , a n d  n o  w a rd  s h o u ld  
c o n ta in  m o r e  th a n  s ix  b e d s . T h e  s h e d s  a re  c o n s t r u c te d  
o f  b a m b o o  m a t t in g , w h ic h  m a y  b e  b u r n t  a ft e r  u se , f it te d  

’ o n  a  w o o d e n  fr a m e -w o r k , a n d  h a v e  r id g e  v e n t ila t io n  
t h r o u g h  th e ir  e n t ir e  le n g th  in  a d d it io n  to  w in d o w s  b e tw e e n  
e a c h  b e d . F o r  c o n v a le s c e n t s  th e re  sh o u ld  b e  a d r y ,  c o o l  
a n d  p le a sa n t  p la c e  f o r  e x e r c is e . T h e  s u lla g e  w a te r  m a y  
c o n v e n ie n t ly  b e  u t ilis e d  f o r  ir r ig a t in g  th e  c o m p o u n d !  a n d  
so  m a k in g  it  g r e e n  a n d  s h a d y . M a n y  o th e r  d e ta ils  r e q u ir e  
th e  m o s t  c a r e fu l  c o n s id e r a t io n , b u t  f o r  th e s e , s ta n d a r d  
E n g lis h  w o rk s  m u st b e  c o n s u lte d  a n d  s u ita b le  m o d if ic a t io n s  
a d o p t e d .  T h e  p a t ie n ts , o f  c o u r s e , s h o u ld  b e  a d m it te d  fr e e  
o f  a ll p a y m e n t  a n d  e v e r y  in d u c e m e n t  h e ld  o u t  t o  e n c o u r a g e

* v. Fart III.
f  In such a case the quantity of water compared to the surface to bo 

irrigated is so small that under-drainage is quite unnecessary, so long as 
the water continuously comes in contact with the roots of growing plants.

■ e°5x
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To face p. 2&t.

P L A T E  X V .

SHEDS FOE USE AS INFECTIOUS DISEASES HOSPITALS, E tc.,
IN THE TROPICS—shown in  p l a n , in  section ,

AND IN ELEVATION.

Specificatio n .—The wards to be 20' wide, with verandah all round, about 
8' 3" deep to edges-they will be connected by covered ways 17' long and 9' 6"

* wide. Each Ward to have a latrine 12' square, connected to it by a short ' 
covered way.

The sides to be of bamboo matting, except where piers are required to support 
the roof trusses. There will be a window between each pair of beds, also of 
bamboo matting. The piers and other walls will be of brickwork plastered 
and lime washed (cement facing preferable). The roof to he of Mangalore (or 
Allahabad) tiles supported by teak or any other approved country wood. Ridge 
ventilators should he provided. The floor to consist of a concrete bed 5" thick, 
well-rammed and consolidated, and laid with bricks set flat in mortar ; the bricks 
to be plastered with 1 part of Portland cement to 2 of sifted sand. The floor to 
he slightly sloped outwards to facilitate washing. The matting should be made 
in pieces of convenient size, to allow of its partial renewal where necessary. It 
should he completely renewed at intervals, and the whole of the woodwork- 
scrubbed and disinfected.
The superficial area allowed per head is 75' square, and the air space 1125'

cubic.

40
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th e m  o r  th e ir  fr ie n d s  a p p ly in g  fo r  th e ir  a d m is s io n . O n e  
d iff icu lty  p e c u lia r  to  th e  c o u n tr y  is  th e  c o n s ta n t  s e p a r a t io n  
o f  th e  s e x e s  in  d i f fe r e n t  h o s p ita ls . I f  th is  b e  c o n s id e r e d  
in s u p e r a b le ,*  th e  m a le  a n d  fe m a le  w a rd s  m ay  b e  k e p t  q u ite  
d is t in c t  in  th e ir  o w n  c o m p o u n d s , th e  a d m in is t r a t iv e  b lo c k  
b e in g  p la c e d  b e tw e e n .

JAILS AND ASYLUMS.
A  v e r y  fe w  w o r d s  w ill  su ffice  f o r  th is  s u b je c t  h e re . O f  

la te  y e a r s  a n  e n o r m o u s  im p r o v e m e n t  h a s  ta k e n  p la c e  in  
b o t h  c la sse s  o f  in s t itu t io n . O r ig in a lly ,  th e  o n ly  c o n s id e r ­
a t io n  in  e ith e r  c a s e  w a s  th e  c o n s t r u c t io n  o f  a  b u i ld in g  
f r o m  w h ic h  e s c a p e  s h o u ld  b e  im p o s s ib le , a n d  as a  c o n s e ­
q u e n c e , n o  a t te n t io n  w as p a id  to  v e n t ila t io n , c le a n lin e s s  o r  
th e  m a n y  o th e r  p o in ts  e s s e n t ia l  to  h e a lth y  l iv in g ,  so  th a t  
d is e a s e s  o f  a l l  k in d s  c a r r ie d  o f f  t h e ir  h e lp le s s  v ic t im s .
T y p h u s  fe v e r ,  in p a r t ic u la r , w a s  so  c o m m o n  th a t  it  r e c e iv e d  
th e  n a m e  o f  ‘  ja i l  f e v e r . ’ f  “  A t  th e  p r e s e n t  t im e , h o w e v e r ”  
sa y s  a  w e ll  k n o w n  a u t h o r it y ,% “  th e  p r is o n s  o f  th is  c o u n tr y  
[E n g la u d ]  a re  p r o v e d  b y  th e  m o s t  r i g id  s ta t is t ic s  to  b e  fa r  
h e a lth ie r  th a n  o u r  h o m e s , a n d  s o -c a l le d  p r e v e n t a b le  d ise a se  
o f  a n y  k in d  is o f  s u c h  ra re  o c c u r r e n c e  w it h in  t h e ir  w a lls , 
th a t  w h e n  a n y  is o la te d  c a s e s  d o  a p p e a r  th e y  a t  o n c e  g iv e  
r is e  to  s u r p r is e , a n d  a re  s u re  to  ca ll f o r  in q u ir y .”

F o r  m a n y  y e a r s  I n d ia n  ja i l s  h a v e  b e e n  m o d e ls  o f  o le a u - 
lin e ss  a n d , t o  o n e  w h o  c a n  u se  h is  e y e s , a  v is i t  to  a n y  o f  th e  
g r e a t  ce n tra l ja i ls  w ill b e  w o r th  m o r e  th a n  p a g e s  o f  w r it ­
in g .  T h e y  a re  c o m m o n ly  a r r a n g e d  on  th e  ‘ r a d ia t io n ’  p la n , 
in  w h ic h  th e  n u m e ro u s  b lo c k s  o r  p a v i l io n s  o f  o n e  o r  tw o  
s to r e y s  r a d ia te  f r o m  a  c o m m o n  c e n tr e , t h e  w h o le  b e in g

* That it is not really insuperable, witness the present plan of uniting 
the male and female general hospitals at Madras in one building, 

f  “  My reader” wrote John Howard, the philanthropist, who devoted his 
life to ameliorating the conditions of life of prisoners, “  will judge of the 
malignity of the air in jails, when I assure him that my clothes were, in 
my first journeys, so offensive, that in a post chaise 1 could not bear the 
windows drawn up, and was therefore often obliged to travel on horseback.
The leaves of my memorandum book were often so tainted that I could 
not use it until after spreading it an hour or two before the fire.”

| Dr. G. Wilson, Hand-book of Hygiene, 6th edition, p. 10.
3 4 a
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s u r r o u n d e d  w ith  a  h ig h  d o u b le  w a ll. T h is  p la n , o f  c o u r s e , 
is n o t  so  g o o d  as th e  tru e  p a v il io n  sy s te m  d e s c r ib e d  in  th e  
s e c t io n  o n  h o s p ita ls , b u t  it  is  im p o s s ib le  or , a t lea st, 
e x t r e m e ly  c o s t ly  to  b u i ld  p a v il io n s  f o r  th e  h o u s in g  o f  on e  
o r  tw o  th o u s a n d  p r is o n e rs . A g a in ,  th e  h ig h  s u r r o u n d in g  
AYalls m a k e  th e  p la c e  h o t  a n d  in te r fe r e  w ith  its  v e n t i l ­
a t io n  ; so  th a t  th e s e  d e fe c t s ,  c o m b in e d  w ith  th e  r e la t iv e  
o v e r c r o w d in g ,  co n s t itu te  an  u n d o u b te d  e v il , w h ic h  c a n n o t , 
h o w e v e r , b e  e a s ily  r e m e d ie d  sa v e  b y  a rtific ia l v e u t ila t io n  
w ith  p u r e , c o o l  a ir .

L a s t ly ,  it  is  im p o r ta n t  to  r e m e m b e r , a n d  m o s t  p a r t i c u ­
la r ly  so  d u r in g  an  o u tb r e a k  o f  c o n ta g io u s  d is e a s e , th a t  th e  
o c c u p a n ts  o f  a ja i l  a re  p r is o n e r s  a n d  as s u ch , a re  l ia b le  to  
b e  m o re  o r  le ss  d e p r e s s e d  a n d  ca re le s s  o f  th e ir  l iv e s  : g r e a t  
c a r e  m u st  th e r e fo r e  b e  e x e r c is e d  to  m a k e  th e m  as h a p p y  
as m a y  b e  u n d e r  th e  c ir c u m s ta n c e s  a n d  to  le t  th e m  see  
th a t  th e ir  l iv e s  a re  a c c o u n t e d  o f  th e  sa m e  v a lu e  as th o s e  
o f  o th e r  p e o p le .*  I n  th e  c a s e  o f  h ig h  c a s te  p e o p le , 
e s p e c ia l ly ,  th e  su d d e n  c h a n g e  fr o m  fr e e d o m  to  p r is o n  l i fe ,  
a f fe c t in g  b o t h  t h e ir  m e n ta l a n d  b o d i ly  s u r r o u n d in g s , h a s  
f r e q u e n t ly  a  m o s t  d e p r e s s in g  a n d  e v e n  s e r io u s  e f fe c t ,  a n d  
th e y  r e q u ir e  c a r e fu l  w a t c h in g  f o r  a  c o n s id e r a b le  p e r io d .

T w o  p o in ts*  th e r e  a re  in  fa v o u r  o f  p r is o n  h y g ie n e ,  ink., 
th e  a m o u n t  o f  f r e e  la b o u r  a v a ila b le , a n d  th e  f a c t  th a t  th e  
o c c u p a n ts  a re  made t o  b e  c le a n  a n d  to  l iv e  p e r fo r c e  a m id s t  
h y g ie n ic  s u r r o u n d in g s .

W i t h  r e g a r d  to  A s y lu m s  f o r  L u n a t ic s  th e  c o n d it io n s  a re  
m u ch  th e  sa m e  a n d  p le n ty  o f  f r e e  la b o u r  is  o b ta in a b le , 
th e  r e g u la r  e m p lo y m e n t  a n d ' e x e r c is e  b e in g  a  m o s t  
v a lu a b le  p a r t  o f  th e  t r e a tm e n t  in  m a n y  c a s e s  o f  in s a n ity . 
M a n y  in sa n e  p e rs o n s , h o w e v e r , a re  SO u n s p e a k a b ly  f i l t h y  in  
t h e ir  h a b it s  th a t  e x t r e m e  c a r e  is  n e c e s s a r y  to  p r e v e n t  
th e m  r e n d e r in g  th e m s e lv e s  d is e a s e d  o r  b e in g  th e  m e a n s  o f  
c o m m u n ic a t in g  d is e a s e  t o  o th e r s .

* Of course without any of the foolish pampering of criminals which is 
becoming the fashion in the United States of America and elsewhere,
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I n  c o u n tr ie s  n o t  a d v a n c e d  in  c iv i l is a t io n  th e  t r e a t ­
m e n t  o f  th e  in sa n e  is  m a r k e d  b y  e x t r e m e  c r u e lt y ,  th e  
r e s u lt  o f  ig n o r a n c e ,  w h ils t  in  th o s e  h ig h e s t  in  th e  s c a le  
e v e r y t h in g  is  d o n e  to  m a k e  th e ir  e n v ir o n m e n t  as p le a s a n t  
as  p o s s ib le  a n d  t o  k e e p  th e m  in  th e  b e s t  c o n d it io n  o f  b o d y  
a n d  m in d .

BARRACKS.

M o r e  m o n e y  h a s  p r o b a b ly  b e e n  w a s te d  in  I n d ia  o n  th is  
c la s s  o f  b u i ld in g  th a n  in  a n y  o th e r  c o u n t r y  in  t h e  w o r ld , 
a n d  w it h  le ss  s a t is fa c t o r y  re su lts . T h e  b a r r a c k s  o r ig in a l ly  
c o n s t r u c t e d  f o r  th e  a c c o m m o d a t io n  o f  B r it is h  s o ld ie r s  
w e r e  a p p a r e n t ly  m o d e l le d  o n  n a t iv e  d w e l l in g s  so  -far as 
l ig h t  a n d  v e n t i la t io n  w e r e  c o n c e r n e d  a n d  h a d  th e  g e n e r a l  
a p p e a r a n c e  o f  a n  e lo n g a t e d  g u n p o w d e r  m a g a z in e . F o l ­
l o w in g  u p o n  t h e  c o n d e m n a t io n  o f  th e s e  r u d im e n ta r y  
s tr u c tu r e s , h u g e  b l o c k s  o f  o n e  o r  t w o  s t o r e y s  e a c h  w e r e  
e r e c t e d ,  a t  e n o r m o u s  c o s t ,  in  th e  c h i e f  m i l i t a r y  s ta t io n s .
I n  th e  w o r k  o f  M is s  N ig h t in g a le  a l lu d e d  t o  b e f o r e ,  sh e  
s h o w s  h o w  r a d ic a l ly  d e fe c t iv e  th e s e  e n o r m o u s  s t r u c tu r e s  
w e r e  a n d  a re , a n d  t.he sa m e  m e a n s  o f  in fo r m a t io n  bein g- 
a v a ila b le  to  th e  d e s ig n e r s  a n d  o t h e r  o f f ic ia ls  c o n c e r n e d  in  
t h e ir  e r e c t io n , it  is  to b e  r e g r e t t e d  th a t  t h e y  s h o u ld  h a v e  
s p e n t  a n d  b e e n  allowed t o  s p e n d , s u c h  v a s t  su m s  o f  m o n e y  
to  so  l it t le  p u r p o s e .

G e n e r a lly ,  v e r y  l it t le  a t te n t io n  a p p e a r s  t o  h a v e  b e e n  
p a id  to  in d e p e n d e n t  v e n t ila t io n  as a  c a r d in a l  p o in t  o f  
b a r r a c k  c o n s t r u c t io n . D o o r s  a n d  w in d o w s  h a v e  b e e n  
tr u s te d  t o ;  y e t  th e y  a r e  so  p la c e d  th a t  m e n  a re  o f t e n  
e x p o s e d  in  b e d  t o  h u r t fu l  d r a u g h ts , a n d  i f  sh u t , th e  
f r e s h  a ir  is  a lso  s h u t  o u t . S o m e t im e s  th e r e  is n o  g la s s  in  
th e  w in d o w s , a n d  w h e n  th e se  a re  s h u t  th e re  is  d a r k n e s s  
as w e ll  a s  f o u l  a ir . A  knowledge o f the proper applica- 
tion oj san itary appliances to buildings in  In d ia  appears 
to be as yet in  its  in fancy.” * *  *  *  "  A t  F o r t

i ^ !llics ar° mid these words are as true now in almost every case
% '®...111 ty years ago. Those to whom the designing and erection
o pu io ui dings are entrusted are too often guiltless of any real training 
m sanitary matters, and the honest ones confess it. Every fault regarding

k s )« (fir
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W ill ia m , tb e  D a llio u s ie  b a r r a c k s  w h ic h  a re  sa id  to  b e  
‘ p e r f e c t /  h a v e  six r o w s  o f  b e d s  b e tw e e n  th e  o p p o s ite  
w in d o w s , 2 1 6  b e d s  b y  r e g u la t io n  in  e a c h  ro o m , a n d  th re e  
f lo o rs  o f  su ch  r o o m s . W h i le  i t  is  a d d e d , c 9 0 0  m e n 5 (3 0 0  
m e n  p e r  ro o m ) ‘ a re  g e n e r a l ly  a c c o m m o d a t e d  in  th e  b a r r a c k  
w ith o u t  in c o n v e n ie n t  o v e r c r o w d iu g .5 W h a t  is  convenient 
‘ o v e r c r o w d iu g 5 ?”

S o  a lso , S te w a r t  C la r k *  w r o t e — f  W h a t e v e r  th e  c o n ­
s tr u c t io n  o f  th e  b a r r a c k s  m a y  b e , i f  th e  a tm o s p h e r e  be  h o t , 
s t ill  a n d  s u ltry , a n d  th e  a p a rtm e n ts  la r g e , a n d  o c c u p ie d  
b y  w h a t  is a t p r e s e u t  c o n s id e r e d  th e  fu ll  c o m p le m e n t  o f  
in m a te s , t h e y  c a n  never be healthy i f  p r o v id e d  w ith  n o  
b e t t e r  v e n t ila t io n  th a n  c a n  b e  o b ta in e d  t h r o u g h  n a tu ra l 
s o u rce s . ” +

I t  m a y  b e  ta k e n  as an a x io m  th e n , t h o u g h  m a n y  w h o  
h a v e  n o t  s t u d ie d - t h e  s u b je c t  p r a c t ic a l ly  a re  in c l in e d  to  
d o u b t  it , th a t  s u ch  b u i ld in g s  as  a re  n o w  in  u se  as b a r r a c k s  
fo r  B r it is h  t r o o p s  t h r o u g h o u t  I n d ia  cannot b e  p r o p e r ly  
v e n t i la te d  e x c e p t  b y  a r t if ic ia l  m e a n s , a n d  th a t  n o  a m o u n t  
o f  o p e n in g  o f  d o o r s  a n d  w in d o w s  w ill  c o m p e n s a te  f o r  th e

tbe placing of doors and windows, etc., alluded to above is excellently illns- 
tinted in almost any barrack and military or civil hospital. Even where 
some well-informed and thoughtful man points out the shortcomings and 
defects he will be quietly ignored by some more potent individual who 
thinks sanitation “ all fudge and nonsense.”

* op. cit.
f  “  There can be but one opinion regarding the advantages, in a sanitary 

point of view, and, I believe, in regard to economy as well, of the location 
of troops or other large bodies of .men in small parties in separate apart- 
meats. Some of the new, double-storied, one-company barracks, lately 
erected m India, are said to have cost upwards of 170,000 rupees each 
.Now, a very excellent, substantial house, containing four or five "nod rooms’ 
each room affording ample accommodation for four men, could be erected 
for 8,000 rupees ; six such houses could accommodates company, iuclndimr 
non comm.s.oned officers; and four more similar houses on a slightly 
modified plan, for married men, would make a total of ten houses for°each 
company, at say an average cost of 80,000 rupees, being less than one-half 
the sum which is said to have been expended on the immense pilos of 
buddings alluded to, which will certainly have tlieir turn of unhealthiness 
hke them predecessors.”  [A true prophesy], “  When I speak of a house 
costing 8,000 rupees 1 mean one of a permanent description, built us sub- 
stantially as the barracks in question.” [This was thirty years ago ; the 
cost of such a bungalow would be greater now, but so would tbe cost of the 
barracks], btewart Clark, op, cit., p. 128.
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BARRACKS. 2 6 9

w a n t  o f  th is  *  E la b o r a t e ly -c a lc u la t e d  iu le ts  a n d  o u t le ts  
a re  a ll v e r y  w e ll in  a  c o u n tr y  l ik e  E n g la n d  w h e r e  v e n t i l ­
a t io n  b y  c i r c u la t io n 'is  c o n s t a n t ly  p o s s ib le ,  b u t  in  In d ia , as 
b e fo r e  s ta te d , s u c h  is  n o t  th e  c a s e , a n d  th e  e v ils  o f  d e f i ­
c ie n t  v e n t ila t io n  b e c o m e  m a n y  t im e s  a c c e n tu a te d  in  a  b a r ­
r a c k  r o o m  w h e r e  th e  u s e fu l  c u b ic  s p a c e f  p e r  m a n  a n d  
th e  su p e r fic ia l  a re a  a re  g e n e r a l ly  fa r  b e lo w  th e  p r o p e r  
a m o u n t. I n  a d d it io n ,"  it  m u s t  b e  r e m e m b e r e d  th a t  th e  
b a r r a c k  r o o m s  a re  c o n t in u o u s ly  o c c u p ie d  b y  a  c e r ta in  p r o ­
p o r t io n  o f  t h e ir  in m a te s , n ig h t  a n d  d a y , a  v e r y  d i f fe r e n t  
c o n d it io n  o f  t h in g s  to  th e  r o o m s  o f  a n  o r d in a r y  h o u s e  
w h ic h  a re  o n ly  in h a b it e d  c o n t in u o u s ly  f o r  a  f e w  h o u rs .J

* This defect improbably not so marked at places like Colaba and. Fort 
St. George, which are constantly exposed to“ the sea-breeze ; but in 
mot'nssil stations, where the choice for months lies between no ventilation 
or the free ingress of a burning wind laden with dust, varied with a chilling 
breeze laden with moisture, the want of systematic ventilation is evident 
to the most casual observer. Unfortunately, on this point also, there are, 
as usual, no reliable scientific observations available. “ The standard 
barrack plan is, I think, rather a mistake, because 7to one plan of barrack 
or bungalow is suited to every varying climate of India. The climate 
demands modifications which have not been sufficiently considered, or at 
least authorised. Barrack rooms should be so constructed as to admit of 
every man being partially screened from his neighbour. Over-ventilation is 
a most fertile canse of chill, and chill is a most fertile cause of disease. 
Over-ventilation should be guarded against as much as under-ventilation.
Ventilation in barracks is often excessive. If the doors and windows are 
open the men sleep in a draught, if shut they breathe foul air. There 
should bo small windows above each bed, and so protected that while the 
most thorough current is seenred above, draught on to the bed is impossi­
ble. In some few stations better bungalows for officers have been provid­
ed, but much remains to be done under this head.’ ’ Sir \V. Moore, op. cit.
The italics are mine. Regarding the remarks about ‘ over-ventilation,’ it 
will be evident from what hns been said in various parts of chapters i and v 
that the proper term is rather ‘ defective methods of ventilation.’ So 
long as reliance is placed on purely natural means of ventilation and no 
proper attempt made to adopt some simple artificial method of regulating 
the amount and direction of the fresh air supply, so long will barracks and 
other Indian buildings be 1 over-ventilated’ at one moment and * under- 
ventilated’ at the next.t r. p. 32.

j  The subject of barrack construction and ventilation is briefly consider­
ed in its main points in Parkes Notter, op. cit., p. et seq. In India 
vast and extensive palaces have been reared in many stations, which 
testify at any rate to the anxiety of the Government to house their soldiers 
properly. Some of these great barracks, as at Allahabad, have not given 
satisfaction and have been found as hot or evett hotter than the old bar­
racks” — apparently from omitting to shadow all main walls with a 
verandah, and from insufficiency or omission of openings in the roofs and 
verandahs. The general principles of the proposed plans for barracks 
submitted by the Indian Sanitary Commission were undoubtedly good
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270 BUILDINGS.

T h e r e  a r e  m a n y  o t h e r  p o in ts  r e g a r d in g  th e  h y g ie n e  o f  
b a r r a c k s  a n d  b a r r a c k  l i fe ,  th e  c o n s id e r a t io n  o f  'w h ich  
m u st b e  p o s tp o n e d  t ill  a  fu tu r e  c h a p t e r .*  I t  m a y  b e  n o te d , 
h o w e v e r , th a t  a s o ld ie r  o c c u p ie s  an  in te r m e d ia te  p o s it io n ,  
h y g ie n ic a l ly  s p e a k in g , b e t w e e n  o r d in a r y  c iv i l ia n s  a n d  th e  
o c c u p a n ts  o f  a sy lu m s  a n d  p r iso n s , a p p r o a c h in g  m o s t  n e a r ly  
to  th e  c o n d it io n  o f  l i fe  o f  b o y s  a t a  b o a r d in g  s c h o o l .  H e  
is  t o  a  c e r ta in  e x t e n t  l o o k e d  a f t e r  -by th e  G o v e r n m e n t  in  
w h o s e  c h a r g e  h e  is  w ith  r e g a r d  to  h is  w o r k , d w e l l in g  
p la c e  a n d  g e n e r a l  s u r r o u n d in g s  : on  th e  o t h e r  h a n d  h e  is  
f r e e  t o  m o v e  a b o u t , e a t  a n d  d r in k , e t c .,  w h e r e  h e  p le a s e s , 
w ith in  c e r ta in  l im its , s o  th a t  a lth o u g h  n e it h e r  in s a n e  n o r  
a  c r im in a l h e  is  e x p o s e d  to  m a n y  r is k s  o f  d is e a s e  fr o m  
w h ic h  th e s e  la t te r  c la s s e s , b y  t h e ir  r ig id  c o n fin e m e n t , a re  
f r e e d .  U n d e r  th e se  c ir c u m s ta n c e s , th e  o n ly  e f f e c t iv e  r u le , 
as in  th e  c a s e  o f  s c h o o l  b o y s ,  is  th e  ru le  o f  k in d n e s s  a n d  
a  g o o d  e x a m p le , b y  w h ic h  th e  s o ld ie r  m a y  b e  ta u g h t  to  
r e s p e c t  h im s e lf  a n d  th e  u n ifo r m  h e  s h o u ld  b e  p r o u d  t o  w ea r.

SCHOOLS.
T h e  h y g ie n e  o f  s c h o o ls  h a s  o n ly  b e g u n  to  a t t r a c t  

g e n e r a l  a t te n t io n  in  E n g la n d  a n d  A m e r ic a  o f  la te  y e a r s  ; 
in  I n d ia  th e  s u b je c t  is  s t ill  in  its  in fa n c y .  T h is  is  th e  
m o r e  to  b e  r e g r e t t e d  w h e n  o n e  c o n s id e r s  w h a t  an  e x t r e m e ly  
im p o r ta n t  in f lu e n c e  s u c h  in s t itu t io n s  h a v e  on  th e  fu tu r e  
m e n  a n d  w o m e n  o f  a  c o u n t r y ,  w h o  in  t h e ir  tu r n  w ill 
b e c o m e  t h e  p a r e n ts  o f  th e  s u c c e e d in g  g e n e r a t io n .

number of men under one roof to be 40—50 (half company barracks), 
except under exceptional circumstances [which should only refer to bar- 
rucks in actual forts, etc.] ; number of men in one room to be 16—20 and 
not to exceed 24 ; barracks to be two-storied in the plains and one or two- 
storied in the bills; single verandahs of 10—12 feet to surround these 
rooms ; only 2 rows of beds in the dormitories, with beds 9 inches from 
the walls and a door or window for each two beds; closets and night 
urinals to be at extreme end of the verandah, leaving a space between 
them and the dormitory. ‘ .Broadside on to the prevalent wind, and dis­
posal en dcheLon, as now adopted in India, is obviously the proper plau’ 
for arrangement of the buildings. But with all this the fact remains that 
many barracks do not comply with the above proposals, and that even 
when they do there are very many defective points in regard to construc­
tion and above all as concerns ventilation, which latter cannot be com­
bined with coolness and freedom from injurious draughts so long us reli­
ance is placed on natural means alone,

# V. Fart IV.
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S c h o o ls  a re  d iv is ib le  in to  t w o  g r e a t  c la sse s , viz. : b o a r d ­
i n g  s c h o o ls , a t  w h ic h  th e  s c h o la r s  l iv e , a n d  d a y  s c h o o ls , to  
w h ic h  th e  s c h o la r s  g o  f o r  so  m a il) ' h o u rs  d a i ly ,  r e t u r n in g  
h o m e  a t n ig h t . T h e  s u b je c t  o f  r e s id e n t ia l  o r  b o a r d in g  
s c h o o ls  h a r d ly  c o n c e r n s  us h e r e , f o r  in  I n d ia  t h e y  a re  v e r y  
l im ite d  in  n u m b e r  a n d  a re  p r in c ip a l ly  G o v e r n m e n t  in s t itu ­
t io n s  a t w h ic h  c o n s id e r a b le  a t te n t io n  is p a id  t o  th e  h y g ie n e  
o f  th e  in m a te s .*  O f  m o r e  p r e s s in g  im p o r t a n c e  is  th e  
c o n d it io n  o f  th e  s c h o la r s  a n d  th e ir  s u r r o u n d in g s  in  th e  
o r d in a r y  d a y  s c h o o ls  a n d  c o l le g e s  s c a t te r e d  t h r o u g h o u t  th e  
e m p ir e . I t  m a y  b e  s ta te d  a t o n c e  th a t  b y  fa r  th e  g r e a t e r  
n u m b e r  o f  In d ia n  s c h o o ls  a re  c o n d u c t e d  in  d w e l l in g s  n o t  
o i ig in a l ly  in t e n d e d  to  b e  u se d  as su ch  o r  e ls e  b u i lt  e n t ir e ly  
w ith  a  v ie w  t o - c r o w d i n g  as m a n y  p e r s e n s  as p o s s ib le  in to  a  
g iv e n  s p a c e . I n t o  th e  c o u n t le s s  s a n ita r y  d e fe c t s  c o m m o n  to  
th e  la r g e  m a jo r ity  o f  th e s e  b u i ld in g s  it  is im p o s s ib le  t o  g o  in  
d e ta il  h e re  ; a ll th a t  c a n  b e  a t te m p te d  is  to  in d ic a t e  so m e  o f  
th e  p o in ts  to  w h ic h  sp e c ia l a t te n t io n  s h o u ld  b e  d ir e c te d .

Ventilation.— A s  in  o t h e r  b u ild in g s , th e  firs t  p o in t  r e q u ir ­
in g  c a r e fu l  c o n s id e r a t io n  is  th e  v e n t ila t io n . I n  th e  sm a lle s t  
n a t iv e  s c h o o ls  th is  p r o b le m  is  fr e q u e n t ly  s o lv e d  b y  th e  
t e a c h in g  b e in g  d o n e  e n t ir e ly  in  th e  v e r a n d a h  o f  th e  h o u s e  
w h e r e in  th e  m a ste r  r e s id e s , a n d  as th e  c h i ld r e n  ta u g h t  a re  
l im ite d  in  n u m b e r  th e y  p r o b a b ly  e a c h  r e c e iv e  a  fa ir  a l lo w ­
a n c e  o f  a i r . f  I t  is  o th e r w is e , h o w e v e r ,  w h e n  t h e y  a re  
c r o w d e d  in to  a  sm a ll, h o t  b u i ld in g  w ith  n o  s p e c ia l  p r o v is io n  
f o r  v e n t i la t io n  a n d  th e  s u p e r fic ia l  a r e a  p e r  h e a d  l im ite d  to  
th e  s p a c e  a c tu a lly  o c c u p ie d  b y  e a ch  c h i ld . R e m e m b e r  th a t  
in  c h i ld r e n  a t t h e ir  le s s o n s  th e r e  is  a  d o u b le  r e a s o n  f o r  a 
p le n t i fu l  s u p p ly  o f  p u r e  a i r ;  f ir s t ly , b e c a u s e  t h e y  a re  y o u n g  
a m  t h e ir  b o d ie s  ar e  g r o w in g  a c t iv e ly  ; s e c o n d ly ,  b e c a u s e

visiting nied1oalStfrntl0n8 there is generally ft resident apothecary and a 
vigilance exerciser Upon t,ie amount of personal interest taken and
of the school ami taose officials.depends chiefly the hygienic condition 

i* Not lieees 1. 3
situated in crowded a n d air> however, for these schools are usually 
bad as can be. Still it • ', ,   ̂ bazaars where the external ventilation is as 
ings are situated and can V " ! ’16 at" ,os!,hei'e aa t,mt in wl,ich their dwell, 
the bazaars themselves. ° ”  y be remedied hY a general improvement in
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th e y  a re  e n g a g e d  in  s tu d y , w h ich  m e a n s  th e  e x p e n d itu r e  o f  
n e r v o u s  e n e r g y  a n d  im p lie s  th e  n e c e s s ity  f o r  c le a r -h e a d e d ­
n ess . I t  is  a b s o lu te ly  e s s e n tia l, th e n , th a t  th e y  b e  s u p p lie d  
w ith  th e  p r o p e r  a m o u n t  oE fr e s h  a ir , c u b ic  s p a c e  a u d  s u p e r ­
f ic ia l  a r e a .*  T h e r e  is  y e t  o n e  o th e r  r e a s o n  f o r  a b u n d a n t  
v e n t ila t io n  a n d  th a t  is  th e  e a se  a n d  r a p id i t y  w ith  w h ich  
th e  n u m e ro u s  c o n ta g io u s  d is o r d e r s  o f  c h i ld h o o d ,— m e a s le s , 
w h o o p in g -c o u g h ,  d ip h th e r ia , e t c . ,— s p re a d  fr o m  o n e  t o  th e  
o th e r . T h e  te s t im o n y  o f  a ll a u th o r it ie s  o n  th is  s u b je c t  
a m p ly  co n firm s  th e  a b o v e  s ta te m e n t  a n d , as a re su lt , it  h a s  
b e c o m e  c u s to m a r y , o n  th e  o c c u r r e n c e  o f  a n  o u tb r e a k  o f  
c o n ta g io u s  d ise a se , to  a t  o n c e  c lo s e  e v e n  th e  b e s t  m a n a g e d  
s c h o o ls ,  till s u ch  tim e  as th e  d a n g e r  o f  in fe c t io n  sh a ll h a v e  
p a s s e d  a w a y .

L ig h t .— T h e  n e x t  im p o r ta n t  p o in t  is  th e  a m o u n t  a n d  
d ir e c t io n  o f  th e  l ig h t  s u p p lie d  to  th e  s c h o la r s . f  I f ,  fr o m  
a n y  re a so n , th e  a m o u n t -o f  l ig h t  is  t o o  sm a ll, th e  e y e s , b y  
c o n s ta n t  s tr a in in g  to  d e c ip h e r  w o r d s  o r  f ig u r e s , b e c o m e  
s e r io u s ly  a f fe c te d , a n d  c o n tr a r iw is e , i f  th e  g la r e  is  t o o  
g r e a t ,  th e  v is io n  w ill  c e r t a in ly  b e  in ju r e d  in  t im e . T h e  
fo r m e r  is  p r o b a b ly  th e  m o r e  c o m m o n  e v il  in  th is  c o u n t r y  
a u d  s y s te m a t ic  in q u iry  w o u ld  d o u b t le s s  d e m o n s tr a te  th e  
fa c t  th a t  th e  r is in g  g e n e r a t io n  o f  In d ia n  s tu d e n ts  c o n ta in s  
a  v e r y  h ig h  p e r c e n t a g e  o f  m y o p ic  s u b je c t s .  T h e  l ig h t  
s h o u ld  fa l l  on  th e  l e f t  h a n d  s id e  o f  th e  p u p ils , e n t e r in g  
t h r o u g h  w in d o w s  b e g in n in g  f r o m  fo u r  t o  s ix  f e e t  f r o m  th e  
g r o u n d , r i s in g  a lm o s t  to  th e  c e i l in g ,  a n d  so  p r o t e c t e d  w ith  
s u n s h a d e s  as  to  p r e v e n t  th e  p a s s a g e  o f  d ir e c t  s u n l ig h t .

W h e n  a  c h i ld  is  v e r y  y o u n g  a n d  le a r n in g  to  r e a d , i t  h a s  
to  spell out e a c h  w o r d ,  le t t e r  b y  le t t e r ,  th e  la b o u r  o f  d o in g  
so  b e in g  in c r e a s e d  o r  d im in is h e d  b y  th e  s m a lln e s s  o r  
la r g e n e s s  o f  th e  t y p e .  F o r  v e r y  y o u n g  c h i ld r e n  th e  s iz e  
k n o w n  as p ica  t y p e  is  th e  b e s t :  w h e n  th e y  a re  o ld e r  a n d  
b e g in  to  ta k e  in  th e . w o r d s  a t a  g la n c e , th e ir  b o o k s  m a y  b e  
p r in t e d  in  sm all pica, th e  t y p e  in  w h ic h  th is  b o o k  is  p r in t e d .

* v. Chap. i, pp. 23, 33 and practical rules at the end of this section, 
t  v. Rules ut the end of this section.
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Desks and Seats .— T h e  o ld - fa s h io n e d  cu s to m , w h ic h  s till 
o b ta in s  la r g e ly ,  o f  h a v in g  r o w s  o f  ‘ fo r m s 5 o r  p la in  sea ts  
w ith o u t  b a c k s  f o r  c h i ld r e n  t o  s it  u p o n , a n d  h ig h  d e s k s  in  
f r o n t  f o r  s u p p o r t in g  th e ir  b o o k s , e t c . ,  is  a  d is t in c t ly  in ju ­
r io u s  o n e  a n d  s h o u ld  b e  a b a n d o n e d  in  e v e r y  s c h o o l .  T h e  
s p a r ta n  id e a  th a t  a  b o y  o r  g ir l  s h o u ld  b e  m a d e  s u p r e m e ly  
u n c o m fo r t a b le  w h e n  y o u n g  is  h a p p ily  d y in g  o u t  a n d  its  
p la c e  ta k e n  b y  th e  m o re  r a t io n a l a n d  h u m a n e  b e l ie f  th a t  
th e y  s h o u ld  b e  m a d e  h e a lth y . W h e n  sea ts  w ith  b a c k s  to  
th e m  first  b e g a n  to  r e p la c e  fo r m s , it  w a s  t h o u g h t  su ffic ie n t  
i f  th e  b a c k s  w e re  m a d e  a lm o st , i f  n o t  q u ite  v e r t ic a l .  T h is  is 
a  g r a v e  m is ta k e  ; th e  b a c k  o f  th e  s e a t  s h o u ld  b e  so  c u r v e d  
as to  a d a p t  i t  t o  th e  s p iu a l c o lu m n , a n d  th e  se a t  i t s e l f  
s h o u ld  b e  ten  in c h e s  w id e  a t le a s t  a n d 'a b o u t  th e  h e ig h t  o f  
th e  c h i ld ’ s  k n e e . T h e  d e s k  s h o u ld  b e  s lo p in g , n o t  h o r i ­
z o n ta l, a n d  its  e d g e  a b o u t  th e  h e ig h t  o f  th e  e lb o w . W h e n  
u s e d  f o r  r e a d in g  th e  e d g e  s h o u ld  b e  in  v e r t ic a l  lin e  w ith  
th e  e d g e  o f  th e  s e a t ; w h e n  r e q u ir e d  f o r  w r it in g  it  s h o u ld  b e  
s l ig h t ly  p u s h e d  b a c k . T o  o b ta in  th is  m o v e m e n t  a  s im p le  
h o r iz o n ta l  a d ju s tm e n t  o f  e ith e r  se a t  o r  d e s k  is  n e c e s s a r y .
T h e  b e s t  a u th o r it ie s  a re  o f  o p in io n  th a t  e a c h  s c h o la r  s h o u ld  
h a v e  a s e p a ra te  d e s k  a n d  s e a t  a c c o r d in g  to  s ta tu re  a n d  s iz e .
T h e  f o l lo w in g  ta b le *  w a s  p r e p a r e d  as a r e s u lt  o f  e x p e r im e n ts  
m a d e  in  th is  d ir e c t io n  a n d  m a y  b e  ta k e n  as a g u id e .  I t  sh o w s  
th a t  e ig h t  d if fe r e n t  s iz e s  a re  r e q u ir e d  f o r  a  s c h o o l  w h e re  th e  
p u p ils  r a n g e  f r o m  th re e  to  f iv e  fe e t  fo u r  iu c h e s  in h e ig h t .

Height of Pupils. Height of Table, Height of Seat. Eteiglitof badkof Sent.

Feet. Inches. * Inches. ■ Inches.
3 0  to  3 -3  13 -5  7-5 9 -8
3 -3  to  3 (3 14 -7  8 -5  1 0 ‘8
3 6 t o  3 -9  15-8  9 -5  1 1 9
3 - 9 to  4 -2  17 0  10-3 12-9
4 - 2 to  4  5 1 8 1  11-2  14-0
4 - 5 to  4 -8  19 -2  J 2-2 15-0
4 '8  to  5 '1  2 0 -4  1 3 1  16-1
5 -  1 to  5 -4  2 1 -6  14-1 17-2

* By Dr. Guillaume, quoted by W. Blyth, Diet, of Hygiene, p. 512.
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I t  is  o f  g r e a t  im p o r ta n c e , th e n , tlia t  s t r ic t  a t te n t io n  b e  
p a id  to  p r o v id in g  s u ita b le  sea ts  f o r  c h i ld r e p ,  b o t li  f o r  th e  
sa k e  o f  r e n d e r in g  th em  c o m fo r t a b le  a n d  t h e r e b y  m o r e  fit 
f o r  w o r k , a n d  to  p r e v e n t  in ju r y  b e in g  d o n e  to  th e ir  s p in e s  
b e fo r e  c o m p le te  o s s if ic a t io n  h as ta k en  p la c e .*

O f th e  m a n y  o th e r  m a tte rs  iu  s c h o o l  h y g ie n e  f o r  w h ic h  
c o n s ta n t  a n d  s p e c ia l ly  t r a in e d  s u p e r v is io n  is n e c e s s a ry , 
n o  fu r t h e r  m e n tio n  ca n  b e  m a d e  h e r e  sa v e  to  in d ic a te  th e  
m o re  im p o r ta n t . (1) A l l  s c h o o ls  s h o u ld  b e  in s p e c t e d  r e g u ­
la r ly  b y  t r a in e d  sa n ita r y  o f f i c e r s . f  R o u t in e  in s p e c t io n s  
b y  o r d in a r y  m e d ic a l  o ff ice r s  a lr e a d y  o v e r b u r d e n e d  w ith  
w o r k , a re , w ith  ra re  e x c e p t io n s , u se le ss . (2) T h e  h o u rs  o f  
w o r k  a n d  p la y  m u st b e  m o st  c a r e fu lly  a p p o r t io n e d  a n d  s tr ic t  
a d h e r e n c e  t o  th e se  h o u rs  b y  th e  t e a c h e r  in s is te d  u p o n . 
(8 ) T h e  la tr in e  a c c o m m o d a t io n  m u st b e  s u ita b le , su ffic ie n t  
a n d  in s p e c t e d  d a i ly .  (4 ) A  s u ita b le  p ie c e  o f  la n d  im m e ­
d ia te ly  a d jo in in g  th e  s c h o o l  sh o u ld  b e  se t  a p a r t  f o r  th e  
e x c lu s iv e  u se  o f  th e  c h i ld r e n  as a  p la y -g r o u n d .  (5 ) T h e  
c h i ld r e n  s h o u ld  b e  e n c o u r a g e d  d u r in g  r e c r e a t io n  t im e  to  
in d u lg e  in  g a m e s  a n d  p a s t im e s , a n d  a ll s o lita ry  lo a f in g  p r e ­
v e n te d  as m u ch  as p o s s ib le .J  O n  th e  o th e r  h a n d , i f  
g y m n a s t ic  e x e r c is e s  a n d  o th e r  a th le t ic  s p o r ts  a re  in s is te d  
u p o n , th e  g r e a te s t  c a r e  m u st b e  ta k e n  th a t  n o  c h i ld  is m a d e  

.  t o  u n d u ly  e x e r t  its e lf . T h e  c o u r s e  sh o u ld  b e  o c c a s io n a l ly ,  
sa y  o n c e  a m o n th , w a tc h e d  b y  a  m e d ic a l  o ff ice r . (6 ) T h e  
w h o le  s c h o o l  s h o u ld  b e  m e d ic a l ly  in s p e c te d  b y  a  s u b o r ­
d in a te  m e d ic a l  o ff ic e r  o n c e  a  m o n th  w ith  a  v ie w  to  th e  
d e te c t io n  o f  d is e a s e , e s p e c ia l ly  c o n t a g io u s  sk in  d is e a s e s , 
o p h th a lm ia , e tc .

T h e s e  p o in ts  a re  n o t  t r iv ia l  a n d  o f  sm a ll a c c o u n t  : on  
th e  c o n t r a r y ,  th e y  a re  o f  th e  h ig h e s t  im p o r t a n c e ,  a n d  u n d e r

* “ There is a general impression that deformities of the vertebral 
oolninn, formerly rare, are now on thaincrease ; this is most certainly due, 
in a measure, to ill-coustrnoted seats.” Dr. Blyth, op. cit. supra.

f  Who may be officers of the Educational Department, if any can be 
found with the necessary aptitude and training. In addition there should 
be an annual inspection, at au unfixed period, by a capable medico-sani­
tary official.

X Note that the lower the social position of the pupils, the harder it is 
to induce them to take kindly to games and sports.



n o  c ir c u m s ta n c e s  a re  k in d n e s s  a n d  c o n s id e r a t io n  b e t te r  
rep a id , o r  m o r e  w o r th  e x p e n d in g  th a n  in  th e  p r o p e r  ca re  
o f  c h i ld r e n . T h e  g o o d  e f fe c te d , as s ta te d  b e fo r e ,  d o e s  n o t  
e n d  w ith  t h e ir  s c h o o ld a y s  b u t  c o n t in u e s  t h r o u g h o u t  th e ir  
l iv e s  a n d  m a k e s  th e m  v a lu a b le  c i t iz e n s  a n d  th e  p a r e n ts  o f  
h e a lth y  o f fs p r in g . “ T h e  n e c e s s ity  f o r  e n s u r in g  th e  b e s t  
h y g ie n ic  c o n d it io n s  in  b u i ld in g s  f o r  c h i ld r e n , o f  w h a te v e r  
s o c ia l  c la ss , is  m o re  th an  e v e r  im p o r ta n t  n o w  th a t  th e  stra in  
u p o n  th e  c h i ld  is  so  m u c h  g r e a te r  th a n  fo r m e r ly , a n d  
c o n s e q u e n t ly  e v e r y t h in g  th a t  m a y  c o n d u c e  to  c o u n t e r a c t  
th is  s tr a in  a n d  p r e s s u r e  o f  e d u c a t io n  is  in d is p e n s a b le , 
w h e th e r  it  c o n c e r n  th e  in te r n a l  o r  e x t e r n a l  a r r a n g e m e n ts .” *

T h e  fo l lo w in g  e x c e l l e n t  r u le s ,t  c o m p r is in g  th e  e s s e n t ia ls  
f o r  s c h o o ls  w it h  r e g a r d  to  l ig h t in g  a n d  v e n t i la t io n , a re  
w o r t h y  o f  c a r e fu l  a t te n t io n  a n d  c o n s id e r a t io n .

LIGHTING.
“  1. G o o d  l ig h t in g  o f  s c h o o l  o r  c la s s -r o o m s  d e p e n d s  

u p o n  (1 ) s u ff ic ie n c y  o f  l ig h t ,  (2 ) d is t r ib u t io n  
a n d  e m p lo y m e n t  o f  th e  l ig h t  t o  th e  b e s t  a d ­
v a n ta g e .

2. A s  r e g a r d s  s u ff ic ie n c y , th e  g e n e r a l  r u le  is  th a t
a p e r tu r e s  f o r  l ig h t  s h o u ld  b e  a b o u t  e q u a l  to  -1th 
o f  th e  f lo o r  a re a  o f  th e  r o o m  to  b e  l ig h t e d .  A  
r o o m  2 0  x  2 0  f e e t  r e q u ir e s  a b o u t  8 0  s q u a re  
fe e t  o f  l ig h t .  A n o t h e r  c a lc u la t io n  is  th a t  th e r e  
s h o u ld  b e  2 0 0  s q u a r e  iu c lie s  o f  l ig h t  f o r  e a c h  
p u p il ,  b u t  s o m e t h in g  d e p e n d s  u p o n  th e  s itu a t io n  
a n d  a s p e c t  o f  th e  b u i ld in g ,  a n d  i t  is  g e n e r a l ly  
e a s y  to  se e  w h e th e r  a  r o o m  is  s u ff ic ie n t ly  
l ig h t e d  o r  n o t .

3. A s  r e g a r d s  u s in g  th e  l ig h t ,  th e  t h in g  t o  b e  k e p t
in  v ie w  is  th e  a v o id a n c e  o f  a ll  s t r a in  o r  te n s io n
o n  th e  e y e s  o f  th e  c h i ld r e n . S tr a in  is  caused

_ _____________  •

* S. and M., op. tit , p. 702.
f Draw" up by Mr. T. B. Kirkham, Educational Inspector, Central 

Division, Bombay—and issued by the Department of Education for flint- presidency. *'uo,°
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e ith e r  b y  a n  e x c e s s  o r  b y  a  d e f ic ie n c y  o f  l ig h t . 
W o r k in g  in  s h a d o w  a n d  w o r k in g  in  g la r e  a re  
e q u a lly  in ju r io u s . T h e  se a ts  sh o u ld  b e  so  
a r r a n g e d  th a t  th e  la r g e s t  p o s s ib le  n u m b e r  o f  
c h i ld r e n  m a y  w o r k  in  l ig h t  fa llin g  from  the left 
side and as fa r  as possible from  above. S id e  
l ig h t  fr o m  th e  r ig h t  is  n e x t  b e s t , w h ils t  l ig h t  
f r o m  b e h in d  is  b a d , b e c a u s e  th e  b o d y  th r o w s  
a s h a d o w  ou  th e  w o r k . T h e  w o r s t  l ig h t  o f  a ll 
is  th a t  f r o m  th e  f r o n t  fa l l in g  o n  th e  fa c e s  o f  
th e  c h i ld r e n . T h is  is m o s t  in ju r io u s , a n d  s h o u ld  
a lw a y s  b e  a v o id e d .  W h e r e  d e s k s  a re  u se d , 
th e  w in d o w  s ills  s h o u ld  b e  h ig h e r  th a n  th e  
d e s k s , as l ig h t  f r o m  b e lo w  is  c o n fu s in g  a n d  
fa t ig u in g .  T h e  w in d o w s  s h o u ld  b e  f i t te d  w ith  
s h u tte r s  to  e x c lu d e  th e  d ir e c t  ra y s  o f  th e  su n , 
w h e n  n e c e s s a r y . I t  m a y  b e  a d d e d  th a t  in  
n ig h t  s c h o o ls  th e  a r t if ic ia l  l ig h t  e m p lo y e d  . 
s h o u ld  b e  s t e a d y  a n d  n o t  f l ic k e r in g .  C o lo u r ­
w a s h e d  w a lls  a re  p r e fe r a b le  to  w h ite w a s h e d , 
w h ic h  a re  a p t  t o  c a u s e  g la r e . F r e n c h  g r e y ,  
l ig h t  s to n e  c o lo u r , o r  th e  l ig h t  b lu e  so  e a s ily  
p r o c u r a b le  in  th e s e  p a r ts , d is t r ib u te s  th e  l ig h t  
in th e  r o o m  m u c h  b e t t e r  th a n  w h ite .I ,

VENTILATION.

4. G o o d  v e n t ila t io n , in  l ik e  m a n n e r , r e s o lv e s  it s e l f
in to  (1 ) s u ff ic ie n cy  o f  a ir  o r  c u b ic  s p a c e  f o r  
th e  n u m b e r  o f  c h i ld r e n  to  b e  a c c o m m o d a t e d , 
a n d  (2 ) a r r a n g e m e n ts  f o r  c h a n g in g  th e  a ir  as 
fa s t  as i t  is  u s e d  u p .*

5 . A s  r e g a r d s  s u ff ic ie n c y , sa n ita r y  a u th o r it ie s  c la im
a  s p a c e  o f  2 0 0  c u b ic  fe e t  o r  u p w a r d s  f o r  e a ch  
p u p il ,  b u t  in  I n d ia ,  w h e r e  th e  d o o r s  a n d  w in d o w s  
a fe  h a b itu a lly  k e p t  o p e n , m e a s u r e m e n t  o f  th e  
f lo o r -s p a c e  is  su ff ic ie n t  f o r  all p r a c t ic a l  p u r -  

’ ’ * — -
* v. Chap, i.

A
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p o s e s .*  A s s u in iu g  iliafc th e  ro o m s  a re  a t le a s t  
10  o r  12 fe e t  h ig h  (1 4  fe e t  is a  b e t te r  h e ig h t ) ;  a 
m in im u m  flo o r  s p a ce  o f  10 sq u a re  f e e t  sh o u ld  b e  
a llo w e d  f o r  e a c h  c h i ld  in  a t te u d a u ce  iu  a p r im a r y  
s c h o o l ;  w h ils t  15 sq u a re  f e e t  a n d  u p w a r d s  s h o u ld  
b e  a llo w e d  iu  s e c o n d a r y  s c h o o ls . F o r  y o u th s  
a n d  b ig  b o y s ;  20  to  25  sq u a re  fe e t  p e r  p u p il  is 
n o t  t o o  m u ch .

0. W it h  r e g a r d  to  th e  c h a n g in g  o f  th e  v it ia te d  a ir , th e  
t h in g  to  se cu re  is  circulation without draughts. 
T h e  p r e v a i l in g  w iu d s  s h o u ld  b e  a d m it te d  a n d  
th e  im p u re  a ir  s h o u ld  b e  a l lo w e d  to  e s c a p e , 
w h ils t  a t  th e  sa m e  tim e  th e  b r e e z e  s h o u ld  n o t  
b e  a llo w e d  to  p la y  d i r e c t l y 'u p o n  th e  b o d ie s  o f  
th e  c h i ld r e n .

7. F r o m  th e  a b o v e  it  w ill b e  a p p a r e n t  th a t  th e  b e s t  
w in d o w s  f o r  s c h o o l  a n d  c la s s -r o o m s , b o th  f o r  
l ig h t  a n d  v e n t ila t io n , a re  th o s e  w h ic h  h a v e  
d e e p  w in d o w  s ills , sa y  4 i  f e e t  h ig h ,  a n d  w h ic h  
g o  u p  h ig h  to w a r d s  th e  c e i l in g .  W it h  s u c h  
w in d o w s  th e  l ig h t  fa l ls  f r o m  a b o v e ,  a n d  th e  
c h i ld r e n  a re  a t  th e  sa m e  t im e  p r o t e c t e d  f r o m

* The remarkB here on ventilation, cubic space, etc., can only bo consi. 
dered to have reference to making the best of the existing state of things. 
A floor space of 10 square feet and a cubic space of 120 feet in a room 
twelve feet high is certainly too little. But little more than half of this 
will be ‘ useful’ cubic space [v. pp. 32-3 and 269), and to give n suffi­
cient amount of fresh air (2,600 cubic feet per hour) the air must be totally 
changed more than twenty times. During certain seasons of the year 
this may be possible without direct draught, but at other times when there 
is no wind, and ventilation by circulation is at a standstill, it is practically 
certain that in a room 20 x 20 x 12 ( =  4,800 cubic feet and 400 square feet), 
snpposed, therefore, to accommodate about 40 children {at 10 square feet 
superficial area each), the necessary amount of fresh air, 104.000 cubic feet 
(at 2,600 cubic feet each), would not pass through the class-room, far less 
be utilised. A larger cubic space than in England is essential in a tropi­
cal climate, not a smaller, (t\ p. 33). No plan can be really effective 
which does not make provision for the artificial supply of a definite amount 
of fresh air whenever thorough perflation is impossible, either from want 
of wind or from the trying nature of the wind. Carnally, Haldane and 
Anderson in their well known series of practical experiments (v. Phil. 
Trans., 1887), have conclusively bIiowii that even in Great Britain, where 
ventilation by circulation is in constant action, schools which are ventilated 
by mechanical means have much purer air than those ventilated naturally,

■ e°ix



d r a u g h ts . S m a ll la t t ic e  w in d o w  p a n e s  a re  
o b je c t io n a b le .  I n  o r d in a r y  ca se s , iro n  b a r s  
a n d  w o o d e n  s h u tte rs  o n  h in g e s  a n sw e r  b e s t . 
W in d o w s  n o t  p r o t e c t e d  b y  v e r a n d a h s  sh o u ld  
h a v e  ‘ h o o d s , ’  so  th a t  th e y  n e e d  n o t  b e  c lo s e d  
f o r  su n  o r  ra in . P e r fo r a te d  z in c  h a s  in  m an y , 
ca se s  b e e n  fo u u d  to  p r e v e n t  su ffic ie n t  c h a n g e  
o f  a ir  a n d  s h o u ld  o n ly  b e  a d o p t e d  a ft e r  c a r e fu l  
t r ia l. I t  n e e d  h a r d ly  b e  sa id  th a t  e v e ry  c la s s ­
ro o m  s h o u ld  h a v e  a ll its  d o o r s  a n d  w in d o w 's  
th row rn o p e n , a n d  b e  thoroughly flushed ivith  
fresh a ir  during every recess a n d  o n  e v e r y  o th e r  
a v a ila b le  o p p o r tu n ity . I n  a ll n e w  b u i ld in g s ,  a n d  
w h e r e v e r  it  ca n  b e  in t r o d u c e d  in  o ld  o n e s , r id g e  
v e n t ila t io n  s h o u ld  b e  a d o p t e d .”

8. '  *  *  *

SHOPS, OFFICES, ETC.

T h e  sa m e  d e fe c t s  as h a v e  b e e n  n o t ic e d  in  th e  c a s e  o f  
s c h o o ls , b a r r a c k s , h o u s e s  a n d  o t h e r  b u i ld in g s  w i l l  b e  fo u n d  
o n  in s p e c t io n  t o  e x is t  in  c o n n e c t io n  w ith  s h o p s , o f f ic e s  
a n d  p u b l i c  b u i ld in g s  o f  v a r io u s  s o r ts , e.g., p o s t  o f f ic e s , 
c o u r ts , th e a tr e s , e tc .

La trin es .— O n e  o f  th e  c o m m o n e s t  a n d  m o s t  s e r io u s  is th e  
w a n t  o f  p r o p e r  la t r in e  a c c o m m o d a t io n .  I t  is  n o t  p e r h a p s  
in  th is  c o u n t r y  a n  e v il  o f  s u c h  m a g n it u d e  as in  G r e a t  
B r ita in  a n d  o t h e r  E u r o p e a n  c o u n tr ie s ,  on  a c c o u n t  o f  th e  
g e n e r a l  a b s e n c e  o f  a w a t e r -c a r r ia g e  s y s te m  f o r  th e  r e m o v a l  
o f  e x c r e t a . f  S t i l l ,  i t  is  e s s e n t ia l  th a t  in  a n y  b u i ld in g  
w h e r e in  a  la r g e  n u m b e r  o f  p e r s o n s  a ro  e m p lo y e d  th e r e  
s h o u ld  b e  a, s u ff ic ie n t  a m o u n t  o f  la t r in e  a c c o m m o d a t io n  
a f fo r d e d  f o r  a ll p u r p o s e s ,  so  as  t o  a v o id  c r o w d in g ,  in ­

d e c e n c y  a n d  th e  c r e a t io n  o f  a  nuisance. T h e r e  m u st b e
s e p a r a te  la t r in e s  f o r  b o th  s e x e s , e a c h  c o n t a in in g  -a su ffi-
---------- — ---------------------------------------------------------------------- ---------------------------

* Has reference to the examination of the ventilation of a room. v. ante, 
pp. 42-3.

t  Note, once more, that a badly mnnngecl water-closet, i.e., one originally 
defective and allowed to fall into disrepair, is a literal death-trap.

.
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cienfc n u m b e r  o f  p a r t it io n e d  c lo s e t s ,  p r o v id e d  w ith  d r y  
e a r t h , .e t c . ,  w e ll  v e n t ila te d  b y  p e r f la t io n ,  c u t  o ff  f r o m  th e  
m a in  b u i ld in g  b y  c r o s s -v e n t i la t io n ,  a n d  k e p t  in  a s ta te  o f  
th o r o u g h  c le a n lin e s s .*

Ventilation .— T h is  l ik e w is e  is o fte n  la m e n ta b ly  d e f ic ie n t , 
e s p e c ia l ly  in  m e r c a n t ile  o ffice s  a n d  la r g e  G o v e r n m e n t  
o ffice s  o c c u p ie d  b y  th e  u n d e r  c le r k s , a n d  r e g u la r  in s p e c ­
t io n  o f  th e  sa m e , a c c o m p a n ie d  w ith  p o w e r  to  c o m p e l  th e  
a p p lic a t io n  o f  r e m e d ie s , is u r g e n t ly  r e q u i r e d . !  B y  fa r  
th e  w o rs t , h o w e v e r , in  th is  r e s p e c t ,  as in o th e r s , a re  th e  
C o u rts  o f  -Justice t h r o u g h o u t  In d ia ,J  w ith  b u t  f e w  e x c e p ­
t io n s . T h e r e  is  m o re  n e e d  fo r  u n lim ite d  fr e s h  a ir  in  th e s e  
b u i ld in g s  th an  in  a n y  o th e r s  a n d  y e t  th e  m e a n s  o f  v e n t i l ­
a t io n  a re  f r e q u e n t ly , to  a ll in te n ts  a n d  p u r p o s e s , n il !
“  O w in g  to  th e  n o ise  th a t  an  In d ia n  c r o w d  w ill m a k e  in  th e  
c o r r id o r s  a n d  o u ts id e  o f  a  c o u r t , th e  d o o r s  h a v e  f r e q u e n t ly  
to  b e  sh u t, in o r d e r  th a t  th e  b u s in e ss  o f  th e  c o u r t  m a y  b e  
h e a rd . C r o w d s  in  a n y  c o u r t  u su a lly  c o n ta in  a  la r g e  
u n w a sh e d  e le m e n t , a n d  a c o u r t  h o u se  s o o n  a c q u ir e s  a k in d  
o f  m e n a g e r ie  s m e ll , fa m ilia r  to  all w h o  fr e q u e n t  th e m , 
w h ic h  se e m s  to  im p r e g n a t e  th e  w a lls  a n d  re m a in  e v e n  
w h e n  th e  b u i ld in g  is  e m p t y .” § *  *  *  “  T h e  ad  m in is ­
tra t io n  o f  ju s t ic e  f o r  m a n y  h o u r s  t o g e t h e r ,  d a y  a f t e r  d a y , 
in  a  v e r y  fo u l  a tm o s p h e r e  is n o t  o n ly  b a d  f o r  th e  h ig h ly  
e d u c a te d  a n d  h ig h ly  p a id  m en  w h o  p r e s id e  in  th e  c o u r ts , 
b u t  b a d  a ls o  f o r  th e  w o r k  t h e y  d o . I t  is  im p o s s ib le  to  
w ork  lo n g  in  a b a d ly  v e n t ila te d  c o u r t  w ith o u t  s u f fe r in g  ait 
a m o u n t  o f  b o d i ly  a n d  m e n t a l ’ fa t ig u e ,  w h ic h  m u st  m ilita te  
a g a in s t  g o o d  w o r k , a n d  w h ic h  is a ll th e  m o re  to  b e  d e p lo r e d  
as it is q u ire  u n n e c e s s a r y . P oison in g,# , b y  m e a n s  o f  tw ic e  
o r  t h r ic e  b r e a t h e d  a ir , is a  s lo w  p r o c e s s , in v o lv in g  s lo w

41 If necessary, u very email dedaotion may lio made from the pay of fcho 
employees, monthly or weekly, to ensure a sufficient staff of sweepers, etc.

t  Tliore is no doubt that ample fresh air, with coolness of the same, if 
merchants and others would only believe it, would enable thorn to get far 
better work from themselves, their assistants and their clerks.

J As in England also.
| In fact the loathsome smell of organic matter that formerly character­

ised prisons and hospitals everywhere, and which is now almost abolished 
in civilised countries, save.in the dwellings of the poorest classes.

* I
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d e te r io ra t io n  w liic li  m a y  co n t in u e  fo r  y e a rs , w ith  in te rv a ls  
o f  c h a n g e  a n d  r e cu p e ra t io n , b u t  th e  a v e ra g e  in te lle c tu a l 
v ig o u r  o f  any  m an  in  su ch  c ir cu m s ta n ce s  m u st b e  a  g o o d  
d ea l u n d er  p a r .” *

Cooling.— T h e  u su a l m e th o d s  fo r  o b ta in in g  co o ln e s s  in 
In d ia n  b u ild in g s  a re  to b u ild  w a lls  o f  en o rm o u s  th ick n e ss , 
to  m a k e  th e  v e ra n d a h s  low  a n d  th e  w in d o w s  as sm a ll as m ay 
b e , a n d  to  use p u n k a h s  a n d  khas-khas tatties. F ro m  w h a t 
h a s  b e e n  s a id  in  th is  a n d  p r e c e d in g  ch a p te rs  (I a n d  I I I ) ,  it 
w ill b e  e v id e n t  th a t  th e se  a re  v e r y  p a r t ia l r e m e d ie s  a n d  
h a v e  se r io u s  d r a w b a ck s  as a s e t -o f f .  T h e  . o n ly  p r o p e r  
m ea n s is  to  combine cooling w ith ventilation, a n d  th a t th is 
w ill  som e  d a y  b e c o m e  g e n e ra l th e re  is n o  d o u b t . M e a n ­
w h ile , w h e re  b r ic k s  o r  c o u n tr y  tile s  a re  u sed  as f lo o r in g , a 
g o o d  d ea l m a y  b e  d o n e  b y  a v a ilin g  o n e s e lf  o f  th e  c o o l in g  
e f fe c t  o f  e v a p o r a t io n , w ith o u t  the d is a d v a n t a g e -o f  u s in g  
an  o r g a n ic  m a te r ia l su ch  as khas-khas. T h e  f lo o r  sh o u ld  b e  
c a r e fu l ly  s w e p t  e a r ly  in  th e  m o r n in g  a n d  th e r e a fte r  w a te r  
l ib e r a l ly  p o u r e d  on  b y  a bhisti o r  o th e r  s e r v a n t . W it h  
th e  d o o r s  o r  w in d o w s  o n  th e  s h a d y  s id e  k e p t  o p e n  a n d  
p u n k a h s  s w in g in g , th e  te m p e ra tu re  m ay  b e  m a te r ia lly  
lo w e r e d  th r o u g h o u t  th e  d a y , w ith o u t  th e  c r e a t io n  o f  th e  
c h i l l in g  d r a u g h t  fr o m  a hhas-hhas s c r e e n .f

Hours o f W ork.— I t  is  p r in c ip a l ly  th e  a ss is ta n ts  in sh o p s  
w h o  su ffe r  fr o m  e ffe c ts  o f  o v e r -w o r k . T h e  g e n e r a l c o n d i ­
t io n s  u n d e r  w h ich  th e y  a re  o b l ig e d  to p a ss  th e ir  lo n g  d a y —  
a  h o t , s tu ffy  s h o p , c o n s ta n t  w o r r y , c o n t in u a l s ta n d in g , 
in su ffic ie n t  m e a l-t im e s , e t c .— all te n d  to  u n d e r m in e  th e ir

# Wallace, op. cit., pp. 224-5. No better example could be given than 
the present Blaektown police court at Madras, relatively, a most expensive 
building. It is simply a dork, hot and excessively foul cellar as regards 
the lower storey, and but little better above. Doubtless any intelligent 
reader can supply examples for himself.

f  This has been known for a long time to some, but is non nearly suffi­
ciently taken advantage of. Suitable modifications of this plan might be 
adopted for bouses, etc. By these means Wallace, (op. cit.. p. 190) obtained 
a reduction of 15° F., in the shade temperature between the verandah and 
office, and an increase of 31 per cent, of humidity at Cawnpore at 2 p.m. 
on a July day. Of course where the air already contains a high percentage 
of moisture, so great a reduction would be impossible.
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liealfcli a n d  r e n d e r  th e m  lia b le  do b r e a k  d o w n  a t any tim e .

E ig h t  h o u rs , in c lu d in g  ou e  h o u r  fo r  m e a ls , is  th e  lim it  
d u r in g  w h ic h  th e y  s h o u ld  b e  c a l le d  u p o n  to  s e r v e , in s te a d  
o f  w h ic h  th e y  a re  c o m m o n ly  m a d e  to  s ta y  fr o m  8 a .m . t i ll
6- 0O o r  7 p .m . T h e y  s h o u ld  a lso  h a v e  sea ts  p r o v id e d  f o r  
th em  a n d  b e  a l lo w e d  to  u se  th e m  w h e n  n o t  s e r v in g .  F o r  
lu n c h  o r  d in n e r  o n e  h o u r  is  th e  s h o r te s t  t im e  a l lo w a b le , 
w h e r e a s  th e  h e a d s  o f  s o m e  e s ta b lis h m e n ts  c o n s id e r  th e m ­
s e lv e s  in d u lg e n t  i f  th e y  g iv e  th e m  a  s h o r t  h a l f  h o u r .

Housing .— T h is  s u b je c t  a lso  d e m a n d s  a t te n t io n  b y  re a so n  
o f  th e  fa c t  th a t  p r o p e r  h o u se s  f o r  E u r o p e a n  s h o p  a ss is ta n ts  
a re  n o t  a v a ila b le  t o  a n y t h in g  l ik e  th e  e x t e n t  r e q u ir e d .  T h e  
h u m a n e  o w n e r  o f  s o m e  la r g e  b u s in e s s , w h e r e a t  m a n y  E u r o ­
p e a n  a ss is ta n ts  a re  e m p lo y e d , m ig h t  w e ll  se t  a  g o o d  e x a m p le  
b y  b u i ld in g  tw o  se ts  o f  s e v e r a l  sm a ll b u n g a lo w s  e a c h , a f t e r  
th e  t y p e  o f  ‘ s u b a lte r n s ’ q u a r te r s  ’  a t c e r t a in  s ta t io n s  o r  

b a c h e lo r s  q u a r t e r s ’  a t  s o m e  h o te ls , w h e r e in  th e  e m p lo y e e s  
m ig h t  r e s id e , h a v in g  c o m m o n  d in in g  a n d  r e c r e a t io n  r o o m s , 
te n n is  c o u r ts , e tc .,  a n d  p r o p e r  s le e p in g  a c c o m m o d a t io n .
T h e  r e n t  c h a r g e d  n e e d  b e  v e r y  l i t t le ,  i f  a n y , h ig h e r  t h a n  
th a t  n o w  p a id  b y  th e  a ss is ta n ts , w h ils t  th e  g a in  to  th e ir  
h e a lth  a n d  c o n s e q u e n t  s a v in g  to  th e  e s ta b lis h m e n t  w o u ld  
s o o n  b e  d e m o n s t r a t e d .*

O f  m a n y  o t h e r  b u i ld in g s  s u c h  as h o te ls , th e a tr e s , f a c t ­
o r ie s , e t c . ,  th e  d e fe c t s  in  th e ir  c o n s t r u c t io n  a n d  s a n ita t io n , 
a n d  th e  p r o p o s e d  r e m e d ie s , it  is im p o s s ib le  t o  w r ite  h e re .
I n  a ll  c a s e s  th e  g e n e r a l  p r in c ip le s  a re  th e  s a m e , a n d  th e  
in t e l l ig e n t  s a n ita r y  o f f ic e r  w ill  b e  a b le  to  d e t e c t  th e  w e a k  
p o in ts  a n d  to  a d v is e  as t o  th e  r e m e d y  r e q u ir e d .

# This may have been (lone already, but I do not know of a case.
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C H A P T E R  V I .

CLIMATE AND METEOROLOGY.

T he te rm  c lim a te , d e r iv e d  f r o m  th e  G r e e k  w o r d  K l i m a ,  

a  s lo p e , w a s  fo r m e r ly  c o n fin e d  t o  a s tro n o m ica l o r  m a th e ­
m a tica l g e o g r a p h y  a n d  h a d  r e fe r e n c e  to  th e  p o r t io n  o f  th e  
e a r th ’ s s u r fa c e  in c lu d e d  b e tw e e n  tw o  lin e s  p a r a lle l  to  th e  
e q u a to r  a n d  m e a su re d  b y  th e  le n g t h  o f  t im e  d u r in g  w h ic h  
th e  su n  a p p e a r s  th e r e  d u r in g  th e  su m m e r  s o ls t ic e ,  i . e . ,  b y  
th e  s u n ’ s in c lin a t io n . T h e  s p a c e  b e tw e e n  th e  e q u a to r  a n d  
th e  p o le  w a s  d iv id e d  in to  h a lf  h o u r  c l im a te s , in  w h ic h  th e  
le n g t h  o f  e a ch  d a y  in c re a s e d  b y  h a l f  a n  h o u r . T h is  
u n e q u a l  d iv is io n  o f  th e  h e m is p h e r e  is u o w  r e p la c e d  b y  a 
d iv is io n  o f  th e  in te r v a l  b e tw e e n  th e  e q u a to r  a n d  th e  p o le s  
in t o  n in e ty  d e g r e e s , w h ic h  c o n s t itu te  w h a t  a re  c a l le d  
d e g r e e s  o f  la t itu d e , a n d  th e  w o r d  c l im a te  h a s  r e c e iv e d  a 
m o r e  e x t e n d e d  a p p l ic a t io n .*

F r o m  th e  p o in t  o f  v ie w  o f  a  sa n ita r ia n , th e  c l im a te  o f  a  
p la c e  m a y  b e  d e f in e d  as t h e  s u m  o f  t h e  l o c a l  a t m o s p h e r i c  a n d  

p h y s i c a l  c o n d i t i o n s  i n  t h e i r  r e l a t i o n s h i p  to  a n i m a l  a n d  v e g e ­

t a b l e  l i f e .  F r o m  c lim a te , th e  e x p r e s s io n  ‘ w e a th e r ’  m u st 
b e  d is t in g u is h e d . B y  th e  fo r m e r  is  m e a n t  th e  a v e r a g e  
c o n d it io n  o f  h e a t  a n d  c o ld ,  d a m p  a n d  d r y n e s s , a n d  th e  l ik e , 
c h a r a c t e r is t i c  o f  a  p la c e  o r  c o u n t r y ,  in  so  fa r  as  th e y  v a r y  
r e g u la r ly  w ith  th e  s u c c e s s io n  o f  th e  se a so n s . T h e  la t t e r  h a s  
r e fe r e n c e  t o  th e  a p p a r e n t ly  ir r e g u la r , t h o u g h  n o t  a lw a y s  
m in o r  a tm o s p h e r ic  c h a n g e s  th a t  ta k e  p la c e  fr o m  d a y  to  
d a y . f

F o r  o u r  p r e s e n t  p u r p o s e , it  is  n e c e s s a r y  to  s tu d y  th e  
c l im a te s  o f  d i f fe r e n t  p la c e s  a n d  t h e ir  in f lu e n c e  u p o n  t h e  
h e a lth  o f  th e  in h a b it a n ts  ; th e  v a r io u s  c l im a t ic  fa c t o r s  a n d

* v. Article, ‘ Climate,’ by J. H. Bennet, Qnain’s Diet. Med., vol, I, p. 262. 
t  v. Blandford, Climates and Weather of India, p. 197.



th e ir  e ffe c ts  b e in g  co n s id e r e d , ( i )  in d iv id u a lly , (2) c o l le c ­
t iv e ly .*  In  a d d it io n  to  th is  'w h ich  co n s t itu te s  th e  s c ie n ce  
o f  C lim a to lo g y , th e  m ea n s b y  w h ich  th e se  c l im a tic  fa c to r s  
a re  e s t im a te d  a n d  e x p r e s s e d , in  o th e r  w o rd s , th e  s c ie n c e  o f  
M e t e o r o lo g jq t  m u st r e c e iv e  a tte n t io n .

C lim a te  as m o d ifie d  b y  th e  p h y s ic a l  c o n d it io n s  o f  an y  
p la c e  h as b e e n  a lre a d y  p a r t ia lly  c o n s id e r e d ^  a n d  th e  s u b ­
je c t  w ill  b e  a g a in  r e fe r r e d  to  la te r . T h e r e  re m a in , th e r e ­
fo r e , to  b e  in q u ir e d  in to , as r e g a r d s  ca u sa tio n , s ig n if ic a n c e , 
e tc .,  th e  v a r y in g  c o n d it io n s  o f  th e  a tm o s p h e re  s u r r o u n d in g  
th e  e a rth , w h ic h  e x e r c is e  so  im p o r ta n t  an  in flu e n ce  on  a ll 
o rg a n is m s  fr o m  th e  h ig h e s t  to  th e  lo w e st .

-  THE ATMOSPHERE..

B e fo r e  p r o c e e d in g  to  e x a m in e  in  d e ta il th e  v a r io u s  
a tm o s p h e r ic  c o n d it io n s , a  fe w  w o r d s  a b o u t  th e  a tm o s p h e re  
it s e l f  a re  n e c e s s a ry . O f  its  c o m p o s it io n  su ffic ie n t  h as 
a lre a d y  b e e n  s a id .§  A s  r e g a r d s  th e  re la t io n s h ip  o f  th e  
a tm o s p h e re  to  th e  e a r th  on  w h ic h  wre l iv e  it  m a y  r e a s o n ­
a b ly  b e  c o m p a r e d  to  th e  m a ss  o f  w a te r  s u p e r in c u m b e n t  on  
an im a ls  l iv in g  a t th e  b o t to m  o f  th e  sea , so  th a t  in  l ik e  
m a u n e r  h u m a n  b e in g s  m a y  b e  sa id  to  l iv e  a t th e  b o t t o m  
o f  a  “  sh o re le ss  o c e a n  o f  in v is ib le  flu id , to  th e  s u r fa c e  o f  
w h ic h  th e y  are  p o w e r le s s  to  r is e .”  T h e  a tm o s p h e r ic  
e n v e lo p e  p r o b a b ly  e x te n d s  m o re  th a n  tw o  h u n d r e d  m ile s  
f r o m  th e  e a r th ’ s s u r fa c e , b u t  b y  r e a s o n  o f  it s  c o m p r e s s i­
b i l i t y  n e a r ly  th r e e -q u a r te r s  o f  th e  t o ta l  a m o u n t  o f  a ir  
l ie s  b e tw e e n  s e a - le v e l  a n d  th e  to p s  o f  th e  h ig h e s t  m o u n ­
ta in s. || In  a d d it io n , it  is  c e r ta in  th a t  an  e n o r m o u s  a m o u n t

* The weather, of course, is of importance likewise, but more especially 
to sailors and engineers. To Sanitary Engineers, an intimato knowledge 
of the climates and weathers of India is most essential. The few facts 
already known and studied in this relation will be found in Blnndford 
(op. cit. supra) and Wallace (op. cit.)

f  The science of Meteorology serves two chief uses, viz., (1) the obtain, 
ing of data, at daily or other fixed intervals from various meteorological 
stations whereby the probable weather may be foretold,—‘ Weather Fore­
casts’ , (2) the gradual accumulation of data relating to each station, upon 
which a knowledge of the climate of that particular place maybe founded. 

t  v. p. 111. § v. Chap. I.
|| v. Discussion in ‘ Realm of Nature,’ H. R. Mill, p. 100,
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o f  a ir  is c o a t a iu e d  d is s o lv e d  in  th e  w a ter  s u r r o u n d in g  th e  
e a r th  (h y d r o s p h e r e ) ,  a n d  is p re s e n t  a lso  in  th e  p o r e s  o f  th e  
so il as  g r o u n d  a ir , th e  g a s e s  b e in g  p re s e n t , h o w e v e r , in  
v a r y in g  r e la t iv e  p r o p o r t io n s .*  * * §

A s  r e g a r d s  th e  a tm o s p h e r e  it s e lf ,  its  c o m p o s it io n  is 
w o n d e r fu l ly  c o n s ta n t , s u c h  c o n s t a n c y  b e in g  p a r t ly  d u e  to  

th e  d iffu s io n  o f  g a s e s ,— th e  p a r t ic le s  o f  w h ic h  p a ss  e a c h  
o th e r  f r e e ly ,  w it h o u t  in t e r fe r in g ,  l ik e  c r o w d s  m o v in g  in  
d i f fe r e n t  d ir e c t io n s  a c r o s s  a  m a r k e t  p la c e ,— a n d  p a r t ly  to  
th e  g a s e o u s  in te r c h a n g e  b e tw e e n  a n im a l a n d  v e g e ta b le  
o r g a n is m s .t  T h e  v a r ia t io n s  th a t  a re  c o n s ta n t ly  o c c u r r in g  
in  th e  d e g r e e s  o f  a tm o s p h e r ic  h u m id ity  a n d  p re s su re  w ill 
b e  c o n s id e r e d  la te r .

Elem ents o j C lim ate .— U n d e r s ta n d in g  th e n , as fa r  as m a y  
b e , th e  n a tu r e  o f  th e  a tm o s p h e r ic  e n v e lo p e  a n d  its  c o m p o s i­
t io n , w e  a re  in a  p o s it io n  to  ta k e  u p , o n e  b y  o n e , th e  c o n s i­
d e r a t io n  o f  th e  v a r io u s  c o n d it io n s  o r  c l im a t ic  e le m e n ts  o f  
w h ic h  th e  a tm o s p h e r e  is  th e  a g e n t  o r  m e d iu m  as it  w e r e .J  
T h e s e  a re  (1 ) th e  T e m p e r a tu r e  (a n d  D ia t h e r m a n c y ) ; (2) 
th e  H u m id ity  ; (3 ) th e  A t m o s p h e r ic  P r e s s u re  (o r  D e n s ity )  ; 
(4 ) th e  C ir cu la t io n  (o r  M o v e m e n ts )  o f  th e  A i r ;  (5) L ig h t  
a n d  T r a n s p a r e n c y  •; (6) E le c t r ic a l  S ta te s  o f  th e  A tm o s p h e r e  •
(7 )  A t m o s p h e r ic  D u s t . I n  th is  c h a p te r  e a c h  o f  th e se  
e le m e n ts  o f  c l im a te  w ill  b e  c o n s id e r e d  w ith  r e fe r e n c e  to  
th e  c ir c u m s ta n c e s  w h ic h  p r o d u c e  o r  m o d i fy  it , its  r e la t io n  
t o  h e a lth  a n d  d ise a s e , th e  in s tru m e n ts  a n d  m e th o d s  o f  
o b s e r v a t io n  w h ic h  it  r e q u ir e s , a n d  its  s p e c ia l  m a n ife s ta t io n s  
in  th e  c l im a te  o f  I n d ia .§

* u. pp. 66 and 118.
t  v. Part n., Cliap. vii., introductory remarks.
£ These conditions, though conveniently considered as atmospheric are 

not solely so, by any means, and are largely modified and influenced by the 
configuration of the land, nature of the soil, relative amounts of land and 
water, etc.

§ The science of meteorology is now so advanced and requires such 
accuracy m the methods of observation that it is impossible to do more 
than give an outline of its principles and practice in this manual. Those 
who wish to pursue the subject further or to undertake meteorological 
observations must carefully peruse the works of Blandford and other 
Indian meteorologists and puy strict attention to the instructions given 
therein,
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TEMPERATURE.

T e m p e ra tu re *  is ou e  o f  th e  m o st  im p orta n t o f  tLe 
e lem en ts o f  c lim a te , b o th  d ir e c t ly  o f  itse lf , a n d  in d ire ct ly , 
s in ce  th e  ra d ia n t en erg y  d e r iv e d  fr o m  th e  suu ,+  in  its  
p a ssa g e  th ro u g h  th e  a ir  to th e  e a r th 's  su r fa ce , is  th e  
o r ig in a l ca u se  o f  all a tm o sp h e r ic  ch a n g e s . I t  is  n e ce ssa ry  
to  d is t in g u ish  c a r e fu lly  b e tw e e n  ra d ia n t o r  sun  h ea t, a n d  
a ir  o r  sh ad e  heat. A t  g re a t  a ltitu d es , w h ere  th e  a ir  is v e r y  
p u re  a n d  d r y , th e  su n 's  ra y s  h a v e  b u t  a  v e r y  s l ig h t  w a rm ­
in g  e ffe c t  on  th e  a ir  as th e y  pass th r o u g h  it, b u t  g re a t  
p o w e r  o f  d ire c t ly  h e a t in g  th e  b o d ie s  o f  an im a ls  a n d  o th er  
so lid  o b je c t s  u p on  w h ich  th e y  fa ll.J  T h e  g a se o u s  p a r t ic le s , 
in  o th e r  w ord s , are a b le  o n ly  v e r y  s l ig h t ly  to a b so rb  th e  
h ea t fro m  the su n ’ s ra y s  an d  are  th e re fo re  ca lle d  diathermic 
o r  tra n sca len t.

A t  lo w e r  le v e ls , h o w e v e r , th e  a ir  is fu l l  o f  w a te r  v a p o u r  
a n d  d u s t  p a r t ic le s , a n d  th ese , d u r in g  th e  d a y  tim e , a b s o rb  
th e  ra d ia n t e n e r g y  o f  th e  su n ’ s ra y s  a u d  h e a t  th e  su r­
r o u n d in g  a ir. In  a d d it io n , th e  s u r fa ce  o f  th e  e a rth  a b s o rb s  
a c o n s id e ra b le  q u a n tity  o f  th e  so la r  ra d ia n t  e n e r g y  w h ic h  
it  in  tu rn  ra d ia te s  b a c k  to  a n d  thus w a rm s th e  air. I t  is  
im p orta n t to  n o t ic e  a lso  th a t  a c o n s id e ra b le  a m ou n t o f  h ea t 
is  te m p o ra r ily  re ta in ed , as it  w ere , n e a r  th e  e a r th ’s su r fa ce  
a n d  h e lp s  to  ra ise  th e  te m p e ra tu re  o f  th e  a ir. T h is  w a$ 
fo r m e r ly  b e l ie v e d  to  b e  d u e  to  th e  a ssu m ed  fa c t  th a t th e  
w a te r  v a p o u r  w as m u ch  less  d ia th e rm ic  to  th e  in v is ib le  
h e a t  ra y s  r a d ia te d  b a c k  fr o m  e a rth  th a n  to  th e  d ire c t  
lu m in ou s  so la r  ra y s . I t  is  n ow  p r e tty  ce rta in  th a t th e

* “  When a substance grows Lot, it increases in energy, and is said to 
rise in temperature. The word temperature lias not the same meaning ns 
heat, bnt corresponds exactly to hotness. Temperature is a quality : heat 
is a quantity.”  iiamsay, Elementary Systematic Chemistry, p. 5. As a 
mutter of fact, the term heat is often nsed to express the quality of hot­
ness ; the sense being evident from the context:

t  The additional heat derived from the moon, stars and interior of the 
earth, is so small in amount that it may bo disregarded liere.

I At Leh, in Northern India, 11,COO feet above sea-level, Dr. Cnvloy 
raised water to the boiling point by exposing it in a blackened bottle 
(placed inside another bottle to protect it from cooling by the wind) to 
the direct rays of the sun (c/. black-bulb vacuum thermometer, p. 298),
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c h ie f  a b s o rb e n ts  o f  r a d ia te d  h e a t  a re  c o n d e n s e d  v a p o u r  
a n d  th e  d u s t  p a r t ic le s  o f  th e  a tm o s p h e re . H e n c e  o n  c le a r  
e v e n in g s , w h e n  th e  a m o u n t  o f  c o n d e n s e d  m o is tu re  in  th e  
a tm o s p h e r e  is  sm a ll, th e  te m p e ra tu re  fa l ls  r a p id ly  a ft e r  
su n se t  a n d  vice versa. T h e  s u s p e n d e d  d u s t  p r o b a b ly  p la y s  
an  im p o r ta n t  p a r t  in  th e  d iu r n a l h e a t in g  o f  th e  lo w e r  
a tm o s p h e r e  w h ich  g iv e s  r is e  t o  th e  h o t  w in d s  o f  A p r i l  a n d  
M a y .*

T h e r e  is  th e n  to  b e  d is t in g u is h e d , p r a c t i c a l ly ,  th e  in flu ­
e n c e  p r o d u c e d  b y  th e  d ir e c t  h e a t  o f  th e  sun  (sun  h e a t)  a n d  
th a t  p r o d u c e d  b y  th e  w a r m in g  o f  th e  a ir  (sh a d e  h e a t) 
t h r o u g h  a b s o r p t io n  o f  h e a t  b y  th e  w a te r  v a p o u r  a n d  
d u s t  p a r t ic le s  in  th e  a tm o s p h e re . T h e  s h a d e  h e a t , i t s e l f ,  
is  p a r t ly  d e r iv e d  fr o m  r a d ia n t  s o la r  e n e r g y  d ir e c t ly  a n d  
p a r t ly  fr o m  h e a t  r a d ia te d  b a c k  f r o m  th e  e a r th ’ s s u r fa c e  
b y  la n d  a n d  w a te r . O f  th e s e  t w o ,— sun h e a t  a n d  sh a d e  
h e a t ,— th e  s h a d e  .h ea t o r  t e m p e r a tu r e  o f  th e  a ir  a t  a n y  
p la c e  is  b y  fa r  th e  m o r e  im p o r ta n t  a n d  m u st b e  fu r th e r  
c o n s id e r e d .

Shade H eat.— T h e  te m p e r a tu r e  a t  a n y  p la c e  d e p e n d s  
p r im a r i ly  on  th e  quantity of solar heat absorbed and radiated  
back b y  th e  e a r th ’ s s u r fa c e  a n d  b y  th e  a m o u n t  o f  m o is tu re  
a n d  d u s t  p a r t ic le s  p r e s e n t  in  th e  a tm o s p h e r e . C e r ta in  
c ir c u m s ta n c e s  m o d i f y  th is  q u a n t ity  ; o f  w h ic h  th e  p r in c ip a l  
a r e : — la titu d e ; elevation ; quantitative relation o f land  
and water ; character o f the surface,; existence of currents, 
either of a ir  or o f water ;  a n d  ra in fa ll.

B e tw e e n  th e  t r o p ic s  th e  su n  is  a lw a y s  v e r t ic a l  s o m e w h e r e ; 
a n d  n o w h e r e  d o  th e  s o la r  r a y s  s t r ik e  th e  s u r fa c e  a t  n o o n  
w ith  a n y  c o n s id e r a b le  d e g r e e  o f  o b l iq u i t y . t  I n  th e  L o w  
L a t it u d e s  o f  th e  to r r id  z o n e , th e r e fo r e , th e  g r e a te s t  q u a n t ity  
o f  s o la r  h e a t  is  r e c e iv e d ,  a n d  th e  lo w e r  th e  la t itu d e , ( i f  
o t h e r  t h in g s  b e  e q u a l ) ,  th e  h ig h e r  w ill  b e  th e  m e a n  
te m p e r a tu r e . O w in g  t o  d is t u r b in g  ca u s e s , h o w e v e r ,  th e  
fa l l  in  te m p e r a t u r e  as th e  la t itu d e  in c r e a s e s  is  n o t  r e g u la r .

* V. Blaudford.
f v. Explanation and diagram, healm of Nature, p, 82,
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E le v a t io n  A b o v e  S e a -L e v e l  r e d u c e s  te m p e ra tu re . T h e  
a ir  b e in g  ch ie fly  h e a te d , n o t  b y  th e  so la r  ra y s  w h ic h  pass 
th r o u g h  it  b u t  b y  r a d ia t io n  fr o m  la n d  o r  w a te r , th e  stra ta  
n e a re s t  to  th e  g e n e ra l su r fa c e  m u st b e  th e  w a rm est a n d  
h e a t  w ill d im in ish  in  p r o p o r t io n  to  h e ig h t . A  h ill  o r  r a n g e  
o f  h ills , th e re fo re , w ill  b e  c o o le r  th a n  th e  p la in  fr o m  w h ich  
th e y  r ise . A g a in , th e  g r e a te r  th e  e le v a t io n , th e  less  th e  
m ass o f  h e a t -a b s o rb in g  m a tte r  a n d  th e  m o re  ra p id  its  
r a d ia t io n  in to  s p a ce . A t  th e  g r e a te r  h e ig h ts , a lso , th ere  
w ill p r o b a b ly  b e  less  a tm o s p h e r ic  m o is tu re  a n d  d u s t  to  
a b s o rb  a n d  ra d ia te  th e  h e a t  p r o c e e d in g  b o th  fr o m  th e  sun 
a n d  b y  ra d ia t io n  fr o m  th e  ea rth . T h e  fa ll  in  te m p e ra tu re  
d u e  to  e le v a t io n  is  ch ie fly  d u e , h o w e v e r , to  dynam ical cool­
ing, as i t . i s  ca lle d . H e a te d  a ir  cu rre n ts  as th ev  r ise  are 
n a tu r a lly  s u b je c te d  to  d e c r e a s in g  p re s su re  a n d  c o n s e ­
q u e n t ly  (b y  B o y le ’ s law ) e x p a n d  c o n s id e r a b ly . T h e  a c t  
o f  e x p a n s io n , b e in g  w o rk  d o n e  a g a in s t  g r a v it y , ca u se s  th e  
co n s u m p tio n  o f  h e a t  w ith  a  c o n s e q u e n t  fa ll  in  th e  t e m p e r ­
a tu re  =  1° F . f o r  e v e r y  180  fe e t  o f  a s ce u t  w h e n  th e  a ir  is 
u n sa tu ra te d . C o n v e r s e ly , c o ld  a ir  ca r r ie d  d o w n w a rd s  fro m  
a  g r e a t  h e ig h t  to w a r d s  th e  e a r th ’ s s u r fa c e , is  c o n t in u a lly  
s u b je c t e d  to  an  in c r e a s in g  p re s s u re  a n d  its  v o lu m e  d im in ­
ish e d . T h e  w o r k  so  d o n e  on  th e  a ir  b y  g r a v ity  is  c h a n g e d  
in to  h e a t , w h e r e b y  th e  te m p e ra tu re  o f  th e  a ir  is  ra ise d  
1° F . f o r  e v e r y  180 fe e t  o f  d e s c e n t .*

T h e  B e la t iv e  A m o u n ts  o f  L a n d  a n d  W a t e r  in flu e n ce  
te m p e ra tu re  t o  a p o w e r fu l  d e g r e e  ; th e  m o re  th e  la tte r  p r e ­
p o n d e ra te s  th e  lo w e r  w ill  b e  th e  m ea n  te m p e r a tu r e  a n d  th e  
m o re  e q u a b le  th e  c l im a te . L a n d  a b s o rb s , a n d  th e r e fo r e  
r a d ia te s , h e a t  m o re  r e a d ily  th a n  w a te r . I t s  s p e c if ic  h ea t, 
a ls o , b e in g  v e r y  m u c h  lo w e r  th a n  th a t  o f  w a te r , its  te m -

* Practically, however, the decrease of temperature, is found to be 1° F. 
for every 270 feet of ascent. “ Thus, whatever tbe temperature may be at 
sea-level, there is a certain height where the air has an average temperature 
of 32“ F., no matter how much sun heat passes through ; and snow which 
falls above that height does not melt. This limit is termed the snow line.
It is sea level in the extreme arctic regions, about 5,000 feet at latitude 62° 
in Norway, about 9,000 feet in latitude 46° in Switzerland, and above 
16,000 feet at the equator.”  H. It. Mill, op. cit.
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p era tu re  rises h ig h e r  in  a g iv e n  tim e o f  e x p o su re  to  so la r  
h e a t ; so  th a t  w h ile  a th erm om eter  p la ce d  on th e  g ro u n d  
in  a h ot co u n try  m a y  rise  to  160° F .,  (or  even  to 237° F . i f  
p r o te c te d  fr o m  a ir cu rre n ts ), th e  su r fa ce  tem p era tu re  o f  
w a ter  ra re ly  e x ce e d s  80°— 90° F . *  * * §; a n d  the a ir im m ed ia te ly  
a b o v e  it  w ill b e  c o o le r  still b y  fro m  tw o  to  five  d e g r e e s . 
H ea tin g - d u r in g  th e  d a y  a n d  c o o l in g  d u r in g  th e  n ig h t  
b e in g , th en , m ore  ra p id  p ro ce sse s  in  th e  case  o f  lan d  th an  
in  th a t o f  w a ter  the d iurnal and annual ranges of temper­
ature w ill he less in  insular and coast positions than in  the 
interior of continents.+

T h e  n atu re  o f  th e  S o il an d  its  e ffe c ts  u p on  tem p era tu re  
h a v e  b e e n  a lre a d y  co n s id e re d .J  S om e  so ils  a b sorb  h eat 
a n d  g iv e  it  ou t  m ore  a b u n d a n tly  than  o th e rs . B a re  su r­
fa ce s  w ill h ea t th e  a ir  m o re , a n d  m ore  q u ic k ly  than  th ose  
c lo th e d  w ith  v e g e ta t io n . E v a p o ra t io n  fr o m  w a ter  o r  from  
w e t  su r fa ces , like  m arsh es o r  th e  b a n k s  o f  t id a l stream s, 
co o ls  the a ir . T h e  sh e lte r  o f  h ills  o r  h ig h  ro ck s , m ay  lo w e r  
th e  tem p era tu re  o f certa in  sp ots  b y  d im in ish in g  th e  d u ra tion  
o f  e x p o su re  to  th e  so la r  ra y s  o r  b y  k e e p in g  o ff  a c h i ll in g  

w in d .§

C u rren ts , aeria l o r  o ce a n ic , are w ell k n o w n  to  m o d ify  
tem p era tu re . T h e  h o t  la n d -w in d , th e  c o o l  s e a -b re e z e , th e

* Enclosed tropical sens have the highest temperature of nny water 
surfaces in the world. In the Red Sea readings of from 90°-100° F. have 
been reported, but the hot surface water in the tropical zone is merely a 
film covering a vast depth of cold water,

f  v. post, under Climates.
J v. Chap, in. f
§ The local influence on the temperature exercised by laud and water 

respectively, is often very noticeable early in the night in India, When 
marching along a road in hot weather and approaching a large tank or 
other sheet of water the air feels much colder for some minutes before 
arrival at the water and continues so till it is left behind. Again, when 
approaching one of those bare, rocky hills, so common in central and 
southern India, the temperature of the air is considerably raised, so that 
the feeling is like that of entering an oven. In the one case the solar heat 
has been absorbed slowly and is being slowly radiated back at night, in 
the other, the large quantity of heat absorbed during the day is being 
rapidly radiated back to the air. In addition, in the latter case, the large 
mass from which heat is radiating must be taken into consideration, and 
in the former, the cooling effect on the air due to the evaporation going ou 
from the water surface.
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tra d e -w in d s  b lo w in g  from  p o la r  to w a rd s  e q n a to r ia l r e g io n s , 
a re  fa m ilia r  in s ta n ce s  o f  th e  f o r m e r ;  th e  g u lf-s tre a m  o f  the 
la tte r . W in d s  m a y  a c t  in d ir e c t ly  a lso  u p on  tem p era tu re , 
b y  b r in g in g  up  c lo u d s  w h ich  e ith e r  fa ll  in  ra in  o r  a b s o rb  
h ea t, s o la r  a n d  terrestr ia l.

In  tro p ica l  c o u n tr ie s  R a in  h as a m a rk e d  in flu en ce  in  
lo w e r in g  th e  te m p e ra tu re , p a r t ly  on  a c c o u n t  o f  th e  c ir c u m ­
sta n ce  th a t  s in ce  it fa lls  fr o m  h ig h e r  a n d  c o o le r  r e g io n s  it 
is  a c tu a lly  a t a  lo w e r  te m p e ra tu re  th a n  th e  a ir  a t th e  
e a r th ’ s su r fa ce , a n d  p a r t ly  b e c a u s e  o f  th e  (pooling d u e  to  
su b s e q u e n t  e v a p o r a t io n . I t  sh o u ld , h o w e v e r , b e  n o te d  
th a t  th e  in c re a s e d  d a m p n e ss  o f  th e  a ir  a fte r  a s h o w e r  
la r g e ly  n eu tra lizes  th e  b e n e fits  o f  th e  lo w e r e d  te m p e ra tu re .

In  c o n s id e r in g  th e  e ffe c ts  p r o d u c e d  on  th e  h u m an  
o rg a n is m  b y  a lte ra tio n s  o f  te m p e ra tu re , th e re  re q u ire  to  b e  
n o t ic e d  ; ( 1) th e  e f fe c t  o f  a  sudden change fr o m  a  lo w  to  a 
h ig h  te m p e ra tu re  a n d  vice versa,; (2) th e  e f fe c t  o f  a  gradual 
lowering o f  th e  te m p e ra tu re  ; a n d  (3 )  th e  e f fe c t  o f  a 
gradual raising  o f  th e  te m p e ra tu re .

Effects of sudden changes in  temperature.— T h e se  are  a p t 
to  b e  m o s t  t r y in g  a n d  m a y  in d e e d  h a v e  a fa ta l e f fe c t  on  
p e rs o n s  w h o  are  in  a n y  w a y  d e b il ita te d  o r  s ick  a lr e a d y .
T h e r e  a re  tw o  o c c a s io n s  in  In d ia n  l i fe  w h en  th is  d a n g e r  
is  e s p e c ia l ly  p ro m iu e n t , viz., a t  th e  s e t t in g  in o f  th e  ‘ ra iu s  ’ 
a fte r  a  le n g th y  p e r io d  o f  h o t , d r y  w e a th e r , a n d  on  g o in g  
u p  to a  h ill s ta t io n  a t a n  e le v a t io n  o f  5 ,0 0 0  —  8 ,0 0 0  f e e t .*
I n  e ith e r  c a s e  th e re  is  g r e a t  r isk  o f  su d d e n  c o n g e s t io n  o f  
th e  v is c e ra l  o r g a n s . In  a h e a lth y  p e rs o n  th e  fr e e  a c t io n  o f  
th e  sk in , w h ic h  is  h is  s a fe g u a r d  in  a h ig h  te m p e ra tu re , is 
c h e c k e d , b u t  its  p la c e  is  ta k e n  b y  g r e a t ly  in c re a s e d  ren a l 
s e c r e t io n  a n d , in  so m e  ca se s , b y  d ia rrh oea  fo r  s e v e ra l d a y s  
in  a d d it io n . O n  th e  o th e r  h a n d , p e r s o n s  n ew ly  a r r iv e d  in 
th e  t r o p ic s  fr o m  c o ld e r  c lim a te s  ru n  a g r e a t  r isk  a lso , 
u n less  v e r y  c a r e fu l .  I f  th e ir  sk in  a c ts  fr e e ly  a n d  th e y  d o  
n o t  e x p o s e  th e m s e lv e s  to o  m u ch  to  th e  sun  th e r e  is  n o t  
m u ch  fe a r  o f  h a r m ; b u t  i f  a t  a ll c a r e le s s , so  th a t  th e ir

* A journey of 3—5 hours duration only by pony tonga d<ik.
37  a
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p e r s p ir a t io n  r e c e iv e s  a  ' c h e c k 5 as it  is c a l le d , th e  p r o b a ­
b i l i t y  is  a v io le n t  a tta ck  o f  c o n g e s t io n  o f  th e  l iv e r  o r  w orse .
I n  e ith e r  ca se , a  h e a lth y  p e rs o n  w ill  b e  p e r fe c t ly  sa fe  i f  
r e a s o n a b le  p r e c a u t io n s  a re  ta k e n  as to  fo o d , its  q u a n t ity  
a n d  q u a lity , c lo t h in g ,  e x p o s u r e  to  th e  su n  o r  t o  c h i l l in g  
w in d s , e t c .,  e tc . F o r  th o s e  in  a n y  w a y  o u t  o f  h e a lth  o r  
w e a k e n e d  b y  lo n g  r e s id e n c e  in  a  t r o p ic a l  c l im a te , th e  
g r e a t e s t  c a r e  is  n e c e s s a r y , a n d  th e ir  c h a n g e  to  a  lo w e r  
o r  h ig h e r  te m p e r a tu r e  s h o u ld  b e  as g r a d u a l as p o s s ib le ." '

Effects of V o id —  T o  h e a lth y  a d u lts  a  lo w  te m p e r a tu r e  
is  c e r t a in ly  n o t  d e tr im e n ta l a n d  is  p r o b a b ly  b e n e fic ia l. 
H u m id  c o ld ,  w h e re  th e  a ir  c o n ta in s  a h ig h  p e r c e n t a g e  o f  
m o is tu r e , is  v e r y  t r y in g  a n d , i f  th e  te m p e r a tu r e  is  v e r y  
lo w , m a y  b e  fa ta l . I f ,  h o w e v e r ,  th e  a ir  is  v e r y  d r y ,  a 
m o s t  e x t r a o r d in a r y  d e g r e e  o f  c o ld  (as o f  h e a t)  c a n  b e  
b o r n e , su ch  as - 7 0 °  F . o r  102° b e lo w  f r e e z in g  p o iu t .  P r o ­
l o n g e d  e x p o s u r e  to  g r e a t  c o ld  m e a n s  c o m p le te  p h y s io lo g i -  
c a l  c o n t r a c t io n  o f  th e  a r te r io le s  a n d  c a p il la r ie s ,  w ith  
c o n s e q u e n t  in t e r fe r e n c e  w ith  th e  c ir c u la t io n  o f  th e  b lo o d , 
r e s u lt in g  in  d e a t h  c o m m e n c in g  a t th e  e x tr e m it ie s , i.e., 
in  th e  m o s t  d is ta n t  a n d  d e p e n d e n t  p a rts . In  a d d it io n , 
f r o m  th e  sa m e  re a s o n  p r o b a b ly ,  e ith e r  e x t r e m e  d r o w s in e s s  
w it h  d im in is h e d  s e n s ib i l i t y  c o m e s  on  or , in  s o m e  ca se s , 
d e l i r iu m ; d e a th  o c c u r r in g  fr o m  c o m a , ra r e ly  fr o m  s y n c o p e  

o r  a s p h y x ia .

Effects of H eat.— A  s l ig h t  r ise  o f  th e  b o d ily  te m p e r a tu r e  
( fr o m  0 o,5 t o  1° F .)  is  o n e  e f fe c t  o f  a  h e ig h t e n e d  a t m o s ­
p h e r ic  t e m p e r a t u r e  a n d  is  o b s e r v e d ,  t e m p o r a r i ly ,  in  t r a n s i ­
t io n  f r o m  a  te m p e r a t e  to  a  h o t  c l im a te . T a k in g  th e  n o r m a l 
t e m p e r a t u r e  o f  th e  b o d y  in  E n g la n d  a t 9 8 ° ‘ 3 0  F .  it  w a s  

f o u n d  t o  b e  9 8 0-6 6  w ith in  th e  t r o p ic s ,  a n d  9 9 o-02  a t th e  
e q u a to r , th e  th e r m o m e te r  s t a n d in g  a t 8 4 °. T h e r e  se e m s  to  
b e  a  s l ig h t  b u t  r e g u la r  in c r e a s e  o f  b o d i ly ,  p r o p o r t io n a l  to  
r is e  o f  a e r ia l , t e m p e r a t u r e , e a c h  d e g r e e  o f  th e  la t t e r  c o r ­
r e s p o n d in g  to  0O-0 5  o f  th e  fo r m e r .  T h is  in c r e a s e  is  o b s e r v -

* For farther information on this important snbject, t>. Chevers, Dis­
eases of India, p. 9, et seg. and references therein given.
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a b le  iu  n e w  a rr iv a ls  a t th e  t r o p i c s ;  it  is n o t  q u ite  c e r ta in  
w h e th e r  it  is p e rm a n e n t o r  n ot. I t  o c c u r s  e v e n  w h e n  
e x te rn a l ancl in te rn a l h ea t, on  th e  on e  h a n d , a n d  r a d ia t io n  
fr o m  th e  b o d y , e v a p o r a t io n  fr o m  sk in  a n d  lu n g s , a n d  
m o v e m e n t  o f  a ir , on  th e  o th e r , m a in ta in  th e ir  n o rm a l 
c o r r e la t io n , a n d  is n o t  to  b e  r e g a r d e d  as p a t h o lo g ic a l .
W h e n , h o w e v e r , e x c e s s iv e  h u m id ity  in te r fe r e s  w ith  fr e e  
e v a p o ra t io n , th e  te m p e ra tu re  o f  th e  b o d y  l-ises a u d  m a y  
in c re a s e  to  a d a n g e r o u s  e x te n t . I n  th e  w e ll-k n o w n  e x p e r i ­
m e n ts*  in  w h ic h  th e  e f fe c ts  o f  e x p o s u r e  to  a  h e a te d  
a tm o s p h e re  iu  o v e n s  w e re  tr ie d  it  w as fo u n d  th a t  a  te m ­
p e ra tu re  o f  2 6 0 ° F . c o u ld  b e  b o r n e  w ith o u t  in ju r y  o r  se r iou s  
d is c o m fo r t  a n d  w ith  a  r ise  o f  b u t  2 ° -5 d e g r e e s  o f  b o d i ly  
h e a t , p r o v id e d  th e  a ir  w as d r y  a n d  fr e e  e v a p o r a t io n  fr o m  
th e  sk in  a n d  lu n g s  p o s s ib le ; b u t  th a t  in  a m o is t  a tm o s p h e re  
th e  te m p e ra tu re  in c r e a s e d  b y  8 °. T h e  e f fe c ts  o f  in te r -  
t r o p ic a l  h ea t, th e n , iu  r a is in g  th e  te m p e ra tu re  o f  th e  b lo o d  
a re  p a r t ly  c o n s ta n t  a n d  p a r t ly  d e p e n d e n t  u p o n  a tm o s p h e r ic
h u m id ity .«/

T h e  fu n c t io n  o f  R e s p ir a t io n  is  less a c t iv e ly  p e r fo r m e d  
iu a  h o t  th a n  in  a  te m p e ra te  c lim a te . T h e  n u m b e r  o f  
r e s p ir a t io n s  is d im in is h e d , a n d  a b o u t  2 0 p e r  cent, le s s  c a r b o n  
a n d  w a te r  a re  e lim in a te d  b y  th e  lu n g s . N o t  o n ly  is  le ss  
a ir  b y  18 per cent, r e s p ir e d  in  a  g iv e n  t im e  b u t  th a t  
w h ic h  is  ta k e n  in to  th e  lu n g s ,  b e in g  ra r if ie d  b y  h e a t , 
c o n ta in s  less  o x y g e n  in  a  g iv e n  v o lu m e  th a n  in  c o o le r  
p la c e s . T h u s  it  is  e s t im a te d  th a t  9 per cent, le ss  o x y g e n  is 
in s p ir e d  a t 80° F . th a n  a t 32°. T h e  r e s p ir a to r y  c a p a c ity , 
h o w e v e r , o f  th e  lu n g s  is  in c re a s e d  so  th a t  th e y  c o n ta in  m o re  
a ir  b u t  le ss  b lo o d  a u d  t h e r e fo r e  w e ig h  le ss  in  h o t  th a n  in  

c o ld  c lim a te s .

T b e  a c t io n  o f  th e  H e a r t  is  d im in is h e d  u n d e r  th e  in flu ­
e n c e  o f  a  h o t  c l im a te .— D ig e s t iv e  p o w e r  is a c c o m m o d a t e d  
to  th e  a lte re d  c o n d it io n s  o f  th e  s y s t e m ; it  is  le ss  p o w e r fu l  
a u d  th e r e  is  le ss  a p p e t ite , b e c a u s e  th e re  is  le ss  d e m a u d .fo r  
f o o d .— T h e  a c t iv it y  o f  th e  s u d o r if ic  a n d  s e b a ce o u s  g la n d s
" ’ " ~ \

* By Blugdeu aud Fordyce.
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o f  the S k iu  is m u ch  in crea sed  ; tlie  pap ilhe o f  th e  fo rm er  
b e c o m in g  o ften  o b s tru cte d  and  in flam ed , g iv in g  rise to the 
con d ition  o f  lichen tropicus o r  'p r i c k ly  h e a t .’  A  ch a n g e  
som etim es tak es p la ce  in the p ig m en ta ry  la yer, a fter  p r o ­
tra cted  residen ce , p ro d u c in g  the ye llow ish  tin ge  su p p osed  
to  be  ch a ra cte r is tic  o f  ‘ A n g lo -In d ia n s . ’ — O w in g  to  in ­
creased  a ction  o f  the sk in  the qu an tity  o f  U rin e  is d im in ­
ish ed  ■ and also th at o f  e x c re te d  sod iu m  ch lo r id e . L ess 
fo o d  y ie ld s  less  urea .— S om e E u rop ea n  residents com p la in  
o f  w ant o f  e n e rg y  and  o th er  resu lts o f  a d ep ressed  con d ition  
o f  the N e rv o u s  S ystem  ; bu t th ere  is s tro u g  reasou  to 
b e liev e , and  a b u n d a n t illu stra tion  b y  ex a m p le , th a t as 
m u ch  a n d  as g o o d  w o rk , b o d ily  o r  m ental, can  b e  d on e  in 
th is co u n try  as in E u r o p e ; an d  th at th e  w an t o f  d e fin ite  
em p loy m en t and th e  h a b its  o f  in d o le n ce  an d  s e lf-in d u l- 
g e u c e  w h ich  th at w a n t en g e n d e rs  are m ore  to  b la m e  than  
clim a te  fo r  la ck  o f  e n e rg y  an d  w a sted  lives.

Effects of the Direct Heat of the Su n .— T h e  stu d y  o f  th is 
su b je c t  is o f  im p orta n ce  on  a cco u n t o f  th e  re la tion sh ip  
b etw een  it an d  in so la tion  o r  su n strok e, s o -ca lle d .*  In  
m od era tion , su n sh in e  is o f  th e  g rea test  use and  “  th ou g h  its 
in tim ate  ch em ica l an d  p h y s io lo g ica l e ffe cts  on  th e  hum an 
e co n o m y  m ay  b e  as y e t  u n k n ow n  to us, w e  re co g n ise  its  
h e a lth fu l in flu en ce  in  p ro m o tin g  all ch a n g e s , in  q u ick e n in g  
ca p illa ry  c ircu la tio n , in  s tim u la tin g  g la n d  se cre tion , an d  
fo s te r in g  g ro w th  a n d  d e v e lop m en t. ” + In  ex cess , h ow ev er , 
th e  h e a t in g  a ction  o f  th e  sun ’ s rays has a p o w e r fu l 
d e te r io ra t in g  in flu en ce  on  the hum an b o d y , g iv in g  rise, 
u ltim a te ly , to  a pa le , ansem ic a p p ea ra n ce  w ith  c o r re sp o n d in g  
la n g u o r  an d  d e b il i t y . J

F ro m  w h a t has b een  sa id  a t the, com m en cem en t o f  th is

* Formerly erroneously designated heat-apoplexy,
t  S. and M. op. cit., p. 189. Advantage is taken of this vivifying and 

heating power, by tho use of so-called ‘ air ’ or * sun ’ baths in certain parts 
of Europe, where the patients under treatment expose the naked body for 
a certain period daily to the direct rays of the sun, the head being duly 
proteoted.

X How far this is due lo beat pure and simple, ns distinguished from heat 
plus ratified and moist air, is not yet definitely settled.
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c h a p te r  as to  th e  g r e a t  h e a t in g  p o w e r  o f  th e  d ir e c t  ra y s  
o f  th e  su n  u p o n  s o lid  b o d ie s , it  ca n  e a s ily  b e  im a g in e d  
h o w  c a r e fu l  it  b e h o v e s  th o s e  e x p o s e d  to  s u ch  in flu e n ce  to  
b e . T h e  e x te n t  to  w h ic h  th e  b o d y  t e m p e r a tu r e  in  g e n e r a l  
a n d  th a t  o f  th e  h e a d , n e c k , s p in e  a n d  s k in  in  p a r t ic u la r  
a re  r a is e d  has n o t  b e e n  s a t is fa c to r i ly  d e te r m in e d , t h o u g h  
it  is  w e ll  k n o w n  th a t g r e a t  r is k  is  ru n  b y  th o se  w h o s e  sk in  
d o e s  n o t  a c t  f r e e ly  o r  w h o  d o  n o t  p r o t e c t  th e  h e a d  a n d  
sp in e  s u ffic ie n t ly . A g a in ,  i t  h a s  b e e n  f o u n d  im p o s s ib le  as 
y e t  to  s e p a ra te  th e  p a r t  p la y e d  b y  th e  su n ’ s h e a t  in  th e  
p r o d u c t io n  o f  h e a t -s t r o k e , fr o m  th e  u su a l c o n c o m it a n t s  o f  
r a r e fie d  o r  im p u r e  a ir , e x c e s s iv e  h u m id ity , e t c . I t  is c e r ­
ta in  th a t  y o u n g ,  a c t iv e  a n d  h e a lth y  p e r s o n s  d o  n o t  e a s ily  

.g e t -a t t a c k e d -w h ils t  on  th e  o th e r  h a n d t h r e e  th in g s  s t r o n g ly  
p r e d is p o s e , viz., d e b i l i t y ,  fa t ig u e  a n d  d is s ip a t io n . A m o n g s t  
B r it is h  s o ld ie r s  d r u n k e n n e s s  w a s  fo r m e r ly  th e  c h ie f  p r e d is ­
p o s in g  c a u s e .

I t  is  w e ll  w o r th y  o f  n o te  th a t  ca se s  o f  h e a t -s t r o k e  in  m id -  
o c e a u  o r  a t  g r e a t  e le v a t io n  a re  e x t r e m e ly  ra re , n o t w it h ­
s ta n d in g  th e  g r e a t  p o w e r  o f  th e  su n ’ s ra y s , a n d  t liis  fa c t  
c e r ta in ly  s t r e n g th e n s  th e  v ie w  th a t  h u m id  o r  im p u r e  (b u t  n o t  
ra re fie d ) a ir  o r  s o m e  o t h e r  a tm o s p h e r ic  c o n d it io n , p la y s  an  
im p o r ta n t  p a r t  in  b r in g in g  a b o u t  an  a t ta c k  o f  h e a t -s t r o k e .
O n e  n o ta b le  d i f fe r e n c e  th e re  is , c o m m o n  to  m id -o c e a n  
a n d  g r e a t  a lt itu d e s , as  c o m p a r e d  w ith  o t h e r  p la c e s , a u d  
th a t  is  th e  e n t ir e  a b s e n c e , o r  p r e s e n c e  o n ly  in  v e r y  sm a ll 
a m o u n t , o f  g r o u n d  s u r fa c e  f r o m  w h ic h  h e a t  is  c o n t in u a lly  
b e in g  r a d ia te d  b a c k  r a p i d l y *  L a s t ly ,  th e  g la r e  a n d  in te n s e

* I believe bow, in opposition to first impressions, that tlie risk of beat 
stroke to a healthy person living above an altitude of 5,000 feet is extremely 
small, and that it is only when much fatigued or when from any other cause 
there is a temporary accumulation of effete products in the system, 
that there is danger. Of course, a sensible European will always wear a 
so|«h topee or at least a ferai hat when obliged to be much in tbo sun, for 
though the risk may be small the results of heat stroke are most serious.
Yet one sees people, ladies especially, driving about day after day in the 
sun with no real protection, save perhaps their abundant hair and, it may 
be, a parasol held over them by their syce, without any harm accruing; a, 
thing they would not dare to attempt in the plains. This does not inove 
that sun hats are unnecessary; only that the risk is much less than at 
lower uliitudes.
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liglifc r e f le c te d  fr o m  a ll s u r r o u n d in g  o b je c t s ,  a n d  e s p e c ia lly  
f r o m  tlie  g r o u n d  b a th e d  in  I n d ia n  su n sh in e , a re  p e rh a p s  
n o t  less  t r y in g  to  th e  u n a c c lim a t is e d  v is ito r  to  In d ia , th a n  
th e  h e a t  w h ic h  th e y  a c c o m p a n y .*

A  g r e a t  d e a l h a s  b e e n  w r it t e n  o n  th is  s u b je c t ,  b u t  as 
u su a l in  I n d ia ,  c a r e fu l  e x p e r im e n ts  a re  u r g e n t ly  w a n te d  a n d  
w o u ld  d o  m o re  to  s e tt le  th e  m a tte r  th a n  v o lu m e s  o f  w r i t in g . !

Thermometers.— A s  te m p e r a tu r e , f o r  m e te o r o lo g ic a l  p u r ­
p o s e s , is  a lw a y s  o b s e r v e d  b y  m e a n s  o f  th e se  in s tru m e n ts , it  
is  n e ce ssa ry  to  u n d e r s ta n d  th e  p r in c ip le  o f  th e ir  c o n s tr u c -

* Blandford, op. cit., p. 4.
f For further information the works of Parkes—Moore—Chevers—

Fayrer, etc., may be consulted. Chevers gives reference to manv im­
portant memoirs.

Fayrer (v. article ‘Sunstroke,’ Qnain’s Diet. Med., p. 155S) recognises 
three chief forms of Heat-stroke, viz., (1) the Syncopal form or heat- 
exhaustion following on great fatigue, over-exertion or depression from any 
cause, during exposure tp a high temperature: complete recovery com- 
mon. This form is frequently seeu amongst soldiers during a long fatiguing 
march in the tropics. (2) The Asphyxial form, sunstroke proper or 
the renl coup-de-soleil, following exposure, particularly of the head and 
spine, to the direct rays of the sun. The symptoms are those of sudden 
and violent injury to the nerve-centres; death resulting from rapid 
failure of the respiration and circulation. Recovery is complete—tedious 
— or imperfect, ending in serious impairment of health or intellect—or 
the result may be fatal. (3) Hyperpyrexial form or thermic fever, an 
intense state of fever,—the result of the influence of heat on the nerve- 
centres, and through them on the vaso-motor nerves, and of the heating 

• of the body generally, by the direct action of either artificial or solar heat,
—may occur, quite independently of the immediate operation of the sun's 
rays. It comes on ns frequently at night or in the shade, as in the day or 
in the sunshine, especially in persons who are exhausted by fatigue, over­
crowding, depression from any cause, such as dissipation, want of rest, 
present or recent illness, and notably when the atmosphere is impure 
from overcrowding. The temperature of the body rises to 110° F., or 
higher. Recovery is often incomplete ; or is followed by permanent im­
pairment of health, and generally by intolerance of heat and exposure to 
the sun.—Chevers (op. cit.) gives a quaint list of the predisposing causes 
to heat-stroke, saying in conclusion, ‘ Numerous as the constitutional 
causes of heat stroke are, all Indian experience combines to 6how that 
Drunkenness is the chief. ’ Again, 1 Long residence in the tropics does 
not strengthen our brains against heat-stroke, but no one is more secure 
against its attacks than an experienced, prudent Englishman, still young 
and with a well-preserved brain. ’ * * * ‘ Can one harden oneself against 
tropical heat ? The impression which my experience has left is distinctly 
in the negative. ’—The dark-skinned races are certainly less liable to 
sunstroke than the fair-skinned, especially negroes, but it is quite a mis­
take to suppose that Hindus and Mohammedans are not subject to this 
complaint. ‘ To a temperature of the air rising above a certain standard, 
all succumb ; and the natives of India suffer like others, and die in num­
bers every year from loo*marnu or hot-wind-stroke, ’ (Fayrer),
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METEOROLOGICAL INSTRUMENTS.
Figure 1 . Shade Maximum Thermometer (Phillips’ ), v . also pi. xviii.
Figure 2. Shade Minimum Thermometer (Rutherford’s), v. also pi. xviii.
Figure 3. (a) Standard Barometer (Fortin’s Principle), showing the various

parts of the same, (b) and (c) Part of the Scale—magnified.
AB. The fixed scale of the barometer; CD. The moveable 
Vernier scale, (v. pp. 348-51).

Figure 4. Section of Cistern of a Barometer constructed on Fortin’s Princi­
ple, showing the column of mercury in direct continuity with 
the mercury in the cistern, the bottom of tho latter being made 
of Leather and its capacity regulated by means of the Moveable 
Screw below. The Ivory Stud is seen in the upper part of the 
cistern, («. pp. 348-49).

Figure 5. (a) Rain-Gauge, showing Outer Cylinder, Funnel and Receiver.
(b) Graduated Measuring Jar.

Figure 6, Lowerportion of Wot-Bulb Thermometer, showing the Bulb cover.
ed with Muslin, from which depends the Cotton Wick dipping 
into a Vessel containing Water (not shown—v. plate xviii.).
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tio n  a n d  th e  d iffe re n t  v a r ie tie s  in use. M o s t  o f  th em  are 
n se d  fo r  a s ce r ta in in g  a e r ia l o r  so la r  tem p era tu res  u n d e r  
v a r y in g  c o n d it io n s , b u t  th e re  a re  o th e rs  fo r  use b e lo w  th e  
su r fa ce  o f  th e  g ro u n d , o r  in  w a te r , e tc .

A  th e rm o m e te r  c o n s is ts  e sse n tia lly  o f  a c lo s e d  g la ss  
tu b e  p a r t ia lly  fi l le d  w ith  m e r c u r y , a lc o h o l o r  o th e r  f lu id ; 
th e  m ea su rem en t o f  te m p e ra tu re  d e p e n d in g  on  th e  d iffe re n ce  
• f  e x p a n s io n  b e tw e e n  th e  g la ss  tu b e  a u d  th e  c o n ta in e d  
l iq u id .*  * * § M e r c u r y  is m o st  c o m m o u lv  u se d  b e ca u se  o f  its  
lo w  s p e c if ic  h ea t, g r e a t  c o n d u c t in g  p o w e r , r e a d y  e x p a n s io n  
w h e n  h e a te d , lo w  m e lt in g -p o in t  a n d  h ig h  b o i l in g -p o in t .
I n  a  m ercu r ia l th e rm o m e te r  th e  tu b e  h a s  a v e r y  fin e  b o r e  
a n d  is e x p a n d e d  a t th e  lo w e r  end_ in to  a  c y lin d r ic a l  o r  
g lo b u la r  b u lb . W h ils t  f ille d  w ith  b o i l in g  m e rcu ry  it is 
s e a le d , so  th a t  a fte rw a rd s , b y  th e  c o n tr a c t io n  o f  th e  
m e rcu ry , th e re  is a v a cu u m  in  th e  h o llo w  u p p e r  p a r t  o f  
th e  s te m . o

I t  is g r a d u a te d  b y  im m e rs in g  it  in m e lt in g  ice  a n d  
m a r k in g  on  th e  stem  th e  u p p e r  le v e l o f  th e  c o n tr a c te d  
m e r c u r y , a n d  th e r e a fte r  s u s p e n d in g  it  in th e  v a p o u r  o f  
w a te r  b o i l in g  a t th e  o r d in a r y  a tm o s p h e r ic  p r e s s u r e !  a n d  
m a r k in g  o n  th e  s tem  th e  u p p e r  l im it  o f  e x p a n s io n . T h e  
sp a ce  b e tw e e n  th ese  tw o  m a rk s  ca n  th en  b e  g r a d u a te d  as 
d e s ire d . J

O n ly  tw o  m e th o d s  o f  g r a d u a t io n  a re  n o w  in  co m m o n  use, 
viz., th e  C e n t ig r a d e  a n d  F a h r e n h e it .§ T h e  fo r m e r  is  th e  
m o re  s c ie n t if ic  a n d  w ill u lt im a te ly  b e c o m e  th e  o n ly  r e c o g ­
n is e d  scale.|| B y  th is  sy s te m , th e  lo w e s t  m a r k — fr e e z iu g -

* Air thermometers are theoretically the most perfect, but are not 
adapted for meteorological work.f i.e., 29'905 inches or 760 millimetres- A difference of 1 inch in the 
atmosnherio pressure either way, as indicated by the barometer, means 
about 1'7° F. difference in the temperature at which water boils ; below or 
above 212° F. according as the pressure is lessened or increased.

$ For further details v. any text book on Physics, or article 1 Thermo­
meter,’ Bncycl. Britt., 9th ed.

§ The Reamur scale is also used in Germany and Russia : v. Special 
Works.

|| The Fahrenheit scale is still likely to be used for many years amongst 
English speaking nations, for ordinary meteorological purposes.
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p o in t— is  0° a n d  th e  h ig h e s t— b o i l in g -p o in t — is 100°, th e  
in te r m e d ia te  sp a ce  b e in g  d iv id e d  in to  100  eq u a l s p a c e s  e a ch  
o f  w h ich  is  ca lle d  1 d e g r e e . In  th e  F a h r e n h e it  s ca le , th e  
f r e e z in g  p o in t  is m a r k e d  8 2° a n d  th e  b o i l in g -p o in t  2 12°, th e  
in te r v e n in g  s p a ce  b e in g  d iv id e d  in to  180  d e g r e e s .

Varieties of Thermometer. — F iv e  th e r m o m e te r s  a re  in 
o rd in a x y  u se  in  m e t e o r o lo g ic a l  s ta t io n s  f o r  d e te r m in in g  th e  
te m p e r a tu r e , viz .— th e  o r d in a r y  th e r m o m e te r , tw o  m a x #  
m u m  a n d  tw o  m in im u m  th e r m o m e te r s . T h e  t e m p e r a tu r e s  
o b s e r v e d  b y  th e s e  a re  (1) the shade temperature, o r  te m p e r -  
a tu re  o f  th e  a ir  a t a n y  g iv e n  t i m e ; (2 ) th e  maximum  a n d  
(3) th e  minimum temperature o f the a ir  d u r in g  e a c h  t w e n t y -  
f o u r  h o u r s ;  (4 ) th e  maximum temperature o f solar rad ia ­
tio n ; (5) th e  m inim um  temperature o f terrestrial radiation.
F r o m  th e  r e a d in g s  o f  (1 ), (2 ) a n d  (3) is  o b ta in e d  th e  mean 
temperature o f the a ir  d u r in g  e a c h  d a y  o f  t w e n t y - fo u r  
h ou rs .

T h e  T e m p e r a tu r e  in  th e  S h a d e , as  s ta te d  a b o v e ,  is  
o b s e r v e d  b y  m e a n s  o f  th re e  th e r m o m e te r s . T h e  dry-bulb 
thermometer o f  th e  d r y  a n d  w e t -b u lb  h y g r o m e t e r  is  u s e d  fo r  
o r d in a r y  p u r p o s e s  a n d  c o n s is ts  o f  a  s im p le  m e r c u r ia l  th e r m o ­
m e te r  g r a d u a t e d  f r o m  — 2 0° F . to  1 3 0 ° F .  B y  c o n s u lt in g  it, 
w ith  ce r ta in  p r e c a u t io n s , d e s c r ib e d  b e lo w , th e  t e m p e r a tu r e  
o f  th e  a ir  a t a n y  p a r t ic u la r  t im e  can  b e  a s c e r ta in e d . I n  th is  
c o u n tr y  i t  is  u s u a lly  r e a d  th r ic e  a  d a y  a t m e t e o r o lo g ic a l  
s ta t io n s , viz., a t 8 a .m ., 10  a .m . a n d  4  p .m .

T o  r e g is t e r  th e  M a x im u m  T e m p e r a t u r e  o f  th e  A ir  a t ta in ­
e d  d u r in g  t w e n t y - fo u r  h o u r s  a  maximum thermometer is  
u s e d , e ith e r  P h i l l ip s ’  o r  N e g r e t t i  a n d  Z a m b r a ’ s. I n  th e  
fo r m e r ,  th e  in d e x  is  f o r m e d  b y  a  s m a ll p o r t io n  o f  th e  m e r ­
c u r ia l  c o lu m n  s e p a r a te d  fr o m  th e  r e m a in d e r  o f  th e  m e r c u r y  
b y  a  m in u te  a ir  b u b b le .  S o  lo n g  as th e  t e m p e r a t u r e  r ises  
a n d  th e  m e r c u r y  e x p a n d s ,  th e  in d e x  is  p u s h e d  a lo n g  th e  
tu b e , b u t  w h e n  it  fa l ls ,  th e  in d e x  d o e s  n o t  fa l l  b a c k  b u t  
r e m a in s  a t  its  fu r t h e s t  p o in t  a n d  th u s , b y  its  d is ta l  
e x t r e m it y ,  in d ic a te s  th e  h ig h e s t  te m p e r a tu r e  r e a c h e d . Iu  
N e g r e t t i  a n d  Z a m b r a ’ s m a x im u m  th e r m o m e te r  th e  tu b e
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is b e n t  n ea r  th e  b u lb  a n d  a m in u te  o b s tr u c t io n *  in tr o d u c e d .
W h e n  th e  te m p e ra tu re  rises , th e  m e r c u r y  fo r c e s  its  w a y  p a st 
th is  o b s tr u c t io n , b u t  w h e n  it  fa lls , th e  m o le c u la r  a t t r a c ­
tion  o f  r.he m e r c u r y  d o e s  n o t  su ffice  to  a llo w  th e  co lu m n  to 
pass th e  o b s tr u c t io n  a n d  th e r e fo r e  th e  fu ll le n g th  o f  th e  
co lu m n  rem a in s  in  th e  tu b e , its d is ta l e x tr e m ity , as in th e  
fo r m e r  ca se , in d ic a t in g  th e  h ig h e s t  te m p e ra tu re  r e a c h e d .
B o th  p a tte rn s  a re  re se t  b y  ta k in g  th e  th e r m o m e te r  o f f  its  
h o o k s  a n d  lo w e r in g  th e  b u lb  g e n t ly  : so m e tim e s , a g e n t le  
sh a k e  o r  s w iu g  is n e ce s s a ry . B o th  a re  h u n g  a l it t le  o ff  
th e  h o r iz o n ta l , th e  b u lb  e n d  b e in g  th e  lo w e r .

F o r  r e g is t e r in g  th e  M in im u m  T e m p e ra tu re  o f  th e  A ir  
th e  th e rm o m e te r  k n o w n  as Rutherford’s M inim um  is a lm ost 
u n iv e rsa lly  u sed . I t  is  an  a lc o h o lic  th e rm o m e te r , th e  
s p ir it  b e in g  c o lo u r e d  p in k  fo r  c o n v e n ie n c e , a n d  co u ta iu s  
a  g la ss  in d e x  in  th e  h o llo w  o f  th e  s tem . W h e n  th e  t e m p e r ­
a tu re  r ises  th e  e x p a n d in g  a lc o h o l flow s  p a s t  th e  in d e x , 
b u t  w h en  it  fa lls , th e  c o n t r a c t in g  a lc o h o l, b y  c a p il la r y  
a t tr a c t io n , ca r r ie s  b a c k  th e  in d e x  w ith  it . T h e  u p p e r  e n d  
o f  th e  in d e x  b e in g  a lw a y s  flu sh  w ith  th e  e x t r e m ity  o f  th e  
r e c e d in g  co lu m n , u lt im a te ly  m a rk s  th e  lo w e s t  te m p e ra tu re  
le a c h e d  by  th e  c o lu m u ,a u d  e v e n  i f  th e  a lc o h o l  a g a in  e x p a n d s  
fr o m  a  r ise  in th e  te m p e ra tu re , re m a in s  in  its  p o s it io n .

G re a t  c a r e  is n e c e s s a r y , in  o r d e r  to  g e t  re su lts  o f  a n y  
v a lu e , to  see  th a t  th e  E x p o s u r e  o f  th e  th e rm o m e te rs  is  th e  
b e s t  th a t  can  b e  o b ta in e d . F o r  th is  p u r p o s e  it  is  e ssen tia l 
th a t , w h ils t  th e  d ir e c t  ra y s  o f  th e  su n  d o  n ot fa l l  u p on  the 
in s tru m e n ts  n o r  u p on  th e  g r o u n d  im m e d ia te ly  b e n e a th , 
th e re  s h o u ld  b e  n o  o b s t r u c t io n  to  th e  fr e e  p la y  o f  th e  a ir  
a r o u n d  th em . S u ch  c o n d it io n s  a re  n o t  u su a lly  o b ta in a b le  
in  a  h ou se  o r  its  v e ra n d a h s , w h ic h  h a v e  th ic k  w a lls  a n d  
o th e r  d i s a d v a n t a g e s ;  a c c o r d in g ly ,  a th a tc h e d  sh e d  o f  th e  
p a t te rn  in d ic a te d  in  th e  p la te  has b e e n  g e n e r a lly  a d o p t e d  
t h r o u g h o u t  I n d ia  a n d  th e r e b y  m o re  u n ifo rm  a n d  tru st ­
w o r t h y  r e a d in g s  o b ta in e d .

T o  d e te r m in e  th e  h e a t in g  p o w e r  o f  th e  su n ’ s r a y s , i.e., th e

* A thread of glass fixed by heating or simply a constriction in the tube.
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a m o u n t o f  S o la r  R a d ia t io n , a p p e a rs  at first s ig lit  a v e ry  
s im p le  m a tter  b u t  iu r e a lity  it  is  n o t  so , o w in g  to s e v e ra l 
ca u ses . A n  o r d in a r y  b r ig h t  m ercu ria l b u lb  a c ts  as a 
s p h e r ic a l  m ir ro r  a n d  re fle cts  in stea d  o f  a b s o r b in g  th e  h ea t 
ra y s . In  a d d it io n , th e  b u lb  is c o o le d  b y  w in d , ra in , e tc .
T h e  solar radiation thermometer m o s t  g e n e r a lly  u sed  is 
th e r e fo r e  m a d e  b y  c o a t in g  th e  b u lb  a n d  p a rt  o f  th e  stem  o f  
an  o r d in a r y  m a x im u m  m e rcu r ia l th e rm o m e te r  w ith  la m p  
b la c k  a n d  e n c lo s in g  it  in  a  g la s s  v a cu u m  ja c k e t  as sh ow n  
in  th e  illu s tra t io n . E v e n  th en  th e  w in d , e tc .,  c o o ls  th e  
o u te r  ja c k e t  a n d  th is in  tu rn  in te r ch a n g e s  h e a t  b y  ra d ia tion  
w ith  th e  in n e r  b u lb , so  th a t  th e  a r r a n g e m e n t  is  n ot p e r fe c t .
T h e  h ig h e s t  r e a d in g  is  u su a lly  r e c o r d e d  as th e  ‘  m a x im u m  
so la r  h e a t  in  vacuo,’ w h ils t  th e  e x c e s s  o f  th is te m p e ra tu re  
o v e r  th a t  r e c o r d e d  b y  th e  m a x im u m  sh a d e  th e rm o m e te r  is 
c o n s id e r e d  t o  re p re s e n t , a p p r o x im a te ly , th e  g r e a te s t  a m o u n t 
o f  s o la r  ra d ia t io n  w h ich  h as o c c u r r e d  d u r in g  th e  d a y .
T h is  th e rm o m e te r  is  p la c e d , o f  co u rse , in  d ir e c t  su n sh in e  a n d  
on  a  -w ooden  s ta n d  a t d iffe re n t  h e ig h ts  a c c o r d in g  to  d iffe re n t  
o p in io n s , fo u r  fe e t  b e in g  th e  r e g u la t io n  h e ig h t  iu  In d ia .

T o  e s t im a te  T e r r e s tr ia l  R a d ia t io n  a  minimum thermo­
meter o f  th e  sa m e  p a tte rn  as th a t  p r e v io u s ly  d e s c r ib e d , o r  
C a sse lla ’ s m o d ific a t io n  o f  th e  sa m e , is  e m p lo y e d . I t  is 
p la c e d  o n  w o o d e n  tre s tle s  ju s t  c le a r  o f  th e  g r o u n d , s in ce  
th e  e f fe c t  o f  te r re s tr ia l ra d ia t io n  is  m o s t  m a rk e d  w h e re  th e  
d is tu r b in g  in flu e n ce  o f  w in d  is  lea st fe lt .  W h e n  sn ow  is  
ly in g  on  th e  g r o u n d  it  s h o u ld  b e  p la c e d  on  it  d ir e c t ly .
S c o t t  r e c o m m e n d s  la y in g  a  la r g e , b la c k  b o a rd  on  th e  
g r o u n d  a u d  p la c in g  th e  th e rm o m e te r  iu  a  sm all g r o o v e  cu t  
in  its  s u r fa c e  to  p r e v e n t  r o llin g . In  In d ia , w h e r e  th e  
p r e s e n c e  o f  g r a s s  c a n n o t  be in su re d , a p a d  is p la c e d  u n d e r  
th e  b u lb . T h e  d if fe r e n c e  in  r e a d in g  b e tw e e n  th is m in im u m  
th e r m o m e te r  a u d  th e  m in im u m  a ir  th e r m o m e te r  is  c o n s i ­
d e r e d  to  e x p r e s s  th e  a m o u n t  o f  te rre s tr ia l r a d ia t io n . I t  is 
n o t  a  p e r fe c t  m e th o d  b y  a n y  m e a n s , b u t  n o n e  b e t t e r  has 

b e e n  d e v is e d .

I t  is  a lso  b e c o m in g  cu s to m a ry  n o w  to  k e e p  a  r e c o r d  o f
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THERMOMETER SHED AND ENCLOSURE FOR USE IN INDIA.
Tho frame work is generally made of teakwood, and the roof consists of a 

foundation of bamboo matting witli a substantial tliatcliing of straw, not less 
than six inches thick. The side screens, which are intended to shield the ther­
mometers from morning aud evening oblique sunshine, reflected sunshine and 
raiu, should bo similar to the roof, but not so thickly thatched. Of course, un­
less the sheds are properly set up, and the roofs well covered with straw, the 
thennometrical observations will he affected by solar influences. A clear space 
of about nine inches should be left below each side screen to admit air. A nice 
open position, at least fifty feet from any wall or obstruction, should be selected 
for the erection of the shed, and it should be carefully set up, the ends point­
ing north and south. The shed is painted green and enclosed by posts aud 
fencing ; the latter being telegraph wire, iron bars, or barb fencing. The cost 
of a complete thermometer shed made of teakwood according to the Madras 
pattern is about Rs. 120, and it lasts for upwards of twenty years, only requir­
ing re-tliatcliing about once a year. The ground surface of the shed is general­
ly of red gravel, or in some places white sand. There is a path round the 
southern grass plot on which the radiation thermometers and rain gauge are 
exposed, as shewn in plate xviii. {v. Administration Report of the Meteorolo­
gical Reporter to tho Government of Madras, 1885-S6).
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P L A T E  X V I I I .

GROUND PLAN AND SIDE VIEW OP THERMOMETER SHED 
AND ENCLOSURE.

THERMOMETER CAGE.
The cage is carefully fixed to the centre pole of the thermometer shed, at a 

height of about three feet eight inches, so that the bulbs of the dry and wet 
thermometers are four feet from the ground. The substitution of these cages 
in place of the open boards has proved advantageous in securing the safety of 
the instruments. Each cage is made secure by a lock and key.

V
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th e  n u m b er o f  hou rs o f  B r ig h t  S unsh ine per diem, an d  fo r  
th is p u rp ose  an in stru m en t k n ow n  as a sunshine recorder 
is u sed . O f  these  in stru m en ts th ere  are tw o  classes, on 
tire p r in c ip le  o f  the b u rn in g  g la ss  and  p h o to g ra p h ic  ca m era  
re sp e ct iv e ly  T h e  fo rm e r  ty p e  is sp ec ia lly  su ited  to  th is 
co u n try . I t  cou sists  s im p ly  o f  a  sp h erica l g la ss  len s 
ben ea th  w h ich  a ca rd  ru led  in to  d iv is ion s  m a rk in g  h ou rs  is 
p la ced  in a cu rv e d  h o lder. W h e n  the sun  sh in es b r ig h t ly , 
the rays are fo cu sse d  on th e  p a p er , in w h ich  an in te r ­
ru p ted  series o f  lin ear m ark s is thus p ro d u ce d  b y  b u rn in g , 
th e ir  tota l len g th  in d ica t in g  the d u ra tion  o f  sunsh ine. I t  is 
w orth y  o f  note  th a t th e  intensity o f  th e  b u rn in g  is fo u n d  to 
v a ry , b e in g  o ften  g re a te s t  d u r in g  th e  sh ort p e r io d s  o f  b r i l ­
lia n t su n sh in e  on  c lo u d y  days.

H a v in g , th en , at ou r com m a n d , th ese  fiv e  th erm om eters , 
viz., the o rd in a ry  d r y -b u lb  th erm om eter , th e  sh ad e  m a x i­
m um  a n d  m in im u m  th erm om eters , th e  m axim um  so la r  
ra d ia tion  a n d  m in im u m  terrestria l ra d ia tion  th erm om eters , 
w ith , in  a d d it io n , a sunsh ine re co rd er , a n d  su p p o s in g  th a t 
ea ch  a n d  all h ave  th e ir  su ita b le  ex p o su re , as b e fo r e  
d e s cr ib e d , w e are in a p os ition  to  in v e s tig a te  th e  te m p e r ­
a tu re , e tc ., at any  tim e an d  a t a n y  p la ce  fix ed  u pon .

A s  a resu lt  o f  such  o b se rv a tio n s  it has b een  fou n d  th at 
ce r ta in  ch a n g e s  iu  tem p era tu re  are  periodic a n d  o th ers  are 
non-periodic. T h e  p e r io d ic  o r  re g u la r  ch a n g e s  a re  som e­
tim es term ed  fluctuations and  th e  n o n -p e r io d ic  o r  ir re g u la r  
ch a n g e s  undulations.

F lu ctu a tio n s  d e p e n d  u pon  th e  e a rth ’ s d iu rn a l an d  annual 
m otion s , th a t is, on  the a ltern a tion s  o f  d a y  a n d  n ig h t  an d  
o f  the season s. T h e  D iu rn a l flu ctu a tion  is g re a te r  on  lau d  
than  on  w a ter , in lau d  than  on th e  coa st , iu e le v a te d  p la ces  
than  at se a -le v e l. O n  lan d , th e re fo re , it is lea st on  th e  
sh ores  o f  in te r -tro p ica l is la n d s , as C e y lo n  an d  Singapore.
T h e  h ottest tim e o f  th e  24  h ou rs  is g e n e ra lly  a b o u t 2 f .m ., 
th e  c o ld e s t  ju s t  b e fo re  su n rise , th e  rise  o r  fa ll  o f  tem p era tu re  
b e tw een  th ese  ex trem es  b e in g  n ea rly  u n iform . T h is  a p p lies  
to  land  sta tion s ; the m ax im u m  an d  m in im u m  ta k in g  p la ce
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a lso  iu  th e  d u ra t io n  a n d  r a p id ity  o f  th e  r ise  a n d  fa ll. I ts  
m a g n itu d e  is  g r e a te s t  in  th e  m o st  n o r th e r ly *  a n d  in  th e  
d r ie s t  p la c e s , an d  lea st iu  th e  m o s t  s o u th e r ly  a u d  w e tte s t  
p la ce s , t h u s  a t L e h  a  d if fe r e n c e  o f  1 0 3 ° b e tw e e n  th e  
lo w e s t  a n d  h ig h e s t  te m p e ra tu re s  h as b e e n  r e c o r d e d  in  ou e  
y e a r , w h ils t  iu  S o u th e rn  I n d ia  th e  a n n u a l r a n g e  is  o n ly  
a b o u t  3 0 ° — 40°.-f

In  c o n n e c t io n  w ith  th is  s u b je c t , h o w e v e r , it  m ust b e  
c a r e fu lly  n o te d  th a t  c o m p a r iso n s  b e tw e e n  th e  te m p e ra tu re  
ra n g e s  o f  d if fe re n t  p la ce s  h a v e  a b s o lu te ly  n o  v a lu e  u n less  
th e  in s tru m e n ts  h a v e  all b e e n  c a r e fu lly  c o m p a r e d  w ith  
s ta n d a rd  o n e s  a n d  h a v e  th e  sam e e x p o s u r e , as n e a r ly  as 
m a y  b e , in  e v e r y  ca se . O n  a c c o u n t  o f  w a n t  o f  ca re  in  th is 
r e s p e c t  m u ch  la b o r io u s  w o rk  h as b e e n  u se le ss ly  u n d e r ta k e n  
a n d  n e c e s s a r i ly  d is c a r d e d , a n d  m a n y  w i ld  a n d  u n fo u n d e d  
s ta te m e n ts  h a v e  b e e n  m a d e .

A s  r e g a r d s  th e  A u n u a l P e r io d ic  V a r ia t io n s  in  te m p e r ­
a tu re , th e  ‘ p o p u la r  d iv is io n  o f  th e  y e a r  in to  a  c o ld  sea son , 
a h o t  sea son , a n d  th e  ( ra in s, * h o ld s  g o o d  iu  th e  g r e a te r  
p a r t  o f  In d ia , a n d  fa ir ly  r e p re se n ts  th e  m o re  o b v io u s  p h a ses  
o f  th e  c lim a te . ” X T h e  a c c o m p a n y in g  ta b le  b r in g s  o u t  th e  
a b o v e  p o in ts  f o r  th e  c h ie f  s ta tion s  o f  I n d ia  a n d  L o w e r  
B u rm a h .

S u d d e n  a n d  I r r e g u la r  C h a n g e s  o f  T e m p e ra tu re  a re  n o t  
so  m a rk e d  in  In d ia  as iu  o th e r  co u n tr ie s  a n d  w h e n  th e y  d o  
o c c u r  a re  te m p o ra ry  in  n a tu re  a n d  d u e  to  a  su d d e n  h e a v y  
fa l l  o f  ta in  o r , on  th e  co a s t , to  th e  s e t t in g  in  o f  a c o o l  sea  
b ie e z e  iu p la ce  o f  th e  h o t  la n d  w in d . T h e y  a re  g e n e r a lly  a 
g r e a t  r e l ie f  a n d  e a g e r ly  lo o k e d  fo r . Iu  N o r th e rn  In d ia , 
h o w e v e r , m o re  fr e q u e n t  a n d  ir r e g u la r  c h a n g e s  d o  o c c u r  
s u d d e n ly , a u d  as su ch  c h a n g e s  h a v e  au  im p o r ta n t  b e a r in g

j  “  “ “ em b , u “ " u”+ Such is the uniformity of climate ou the south-west coast of Ceylon, 
that the extreme range of temperature in the course of the year is only
;; rV ;B ^  "s ^  experienced within 24 hours at Simla and little rnoie than half that of a single clay at J a cob a b a d .

X V. Blandford, op. cit., p. 36.
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on  th e  p r o d u c t io n  o f  ch ill ,  th e  s u b je c t  is w o r th y  o f  c a r e fu l  
s tu d y .*  * * §

In  th is  c o u n tr y  th e  In te n s ity  o f  th e  S u n s h in e  is g r e a te r  
th a n  in  h ig h e r  la t itu d e s  a u d  th e  e x c e s s  o f  te m p e ra tu re  
(s o la r  ra d ia t io n ) r e g is te r e d  b y  th e  m a x im u m  b la c k  b u lb  
th e rm o m e te r  in  vacuo as c o m p a r e d  w ith  th e  m a x im u m  sh a d e  
th e rm o m e te r  is  a b o u t  5 0 °—  7 0 ° F . as a ru le . I t  is  n o t  h o w ­
e v e r  th is  e x c e s s  p e r  se w h ic h  is so  im p o r ta n t  h y g ie n ic a l ly ,  
b u t  th e  fa c t  th a t  th e  sh a d e  te m p e ra tu re  is  a lr e a d y  h ig h , 
e.g., in  S o u th e rn  In d ia  th e  e x c e s s  m a y  b e  o n ly  a b o u t  5 8 ° F ., 
b u t  th e  sh a d e  te m p e r a tu r e  is m u ch  h ig h e r  th a n  in  E u g la n d  
a n d  th e  r isk  o f  s u n s tro k e  c o r r e s p o n d in g ly  g r e a t e r .  A t  h ill 
s ta t io n s  th e  e x c e s s  is  g e n e r a lly  la rg e , 70 °— 8 0 ° F .,  b u t  th e  
lo w n e ss  o f  th e  s h a d e  te m p e ra tu re  le sse n s  th e  r isk  o f  in s o la ­
t io n , p r o v id e d  th e  h e a d  a n d  u p p e r  p a r t  o f  th e  sp in e  a re  
p r o te c te d .!-  T h e  a ctu a l n u m b e r  o f  h o u rs  o f  su n sh in e  is a lso  
g r e a te r  th a n  in  su ch  a  c o u n tr y  as E n g la n d , p a r t ic u la r ly  in  
N o r th e r n  I n d ia  w h e r e  th e  a v e r a g e  a p p e a rs  to  b e  a b o u t  
9 h ou rs  per diemX as  c o m p a r e d  w ith  a b o u t  4  h o u rs  in 
E u g la n d .

Mean and Extreme Temperatures and Ranges at Fifty-one Stations, 
chiefly Hilt, Stations and Military Cantonments.̂  (Deg. Fain-.)

*2 • C 1= Mean Tempera- g £ g. °
5 . TURE op 5 *  |  £ . £  .

Stntious. '-3 g —=----------------- J ;g Z =
> ^  CO . CD •—<  ̂® *50) r- 5 ̂-  Year “ = -  a = o §„ real. « 0 ■ o o — cm g

^ 54 C

Kim-achee . . 49 1 77 87 65 107 45 62 20 __ lQuetta . . . 5,501 5S 77 40 99 15 84 26 + 11
Jiicobabad . . 186 78 96 57 118 32 86 34 + 8Mooltan . . . 420 76 94 54 114 34 80 35 + 3
1). I. Khan . . 573 74 03 52 117 31 86 35 + 4
T,eh . . . .  11.503 40 62 18 90 -4 94 29 + 15
Peshawar . . 1,110 70 89 50 115 29 86 30 + 9

I

* v. ibid., op. cit-, pp. 10—12. t v. ante, p.
t  The actual average daily duration of bright- sunshine in many parts 

of India is uncertain as yet, but is probably less than might be imaginedin the absenoe of accurate observations.
§ After Blandford.
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Mean and Extreme Temperatures and Ranges at Fifty-one Stations, 
chiefly Hill Stations and Military Cantonments. (Deg. F a h v . ) - c o n t .

i j--------------------- -,e Mean Tempera- g g d 3 3

a ,  c  ^  'IUBE ° P f c ?  ^  =C ^  “Stations. 3  j  --------------------------  3  £  «  f  Sf »  &

<D _ OJ—5 00-3 O *-0) 03 b(h
5  Year. J h •§= g P5 g S  5 ^ fj«® § °  a  a  £ s 2________________________________ w a  o a  <\ 3  o

Rawalpindi. . 1,652 | 69 89 49 114 29 85 3 2  L  aMun-ee . . . 6,844 1 56 71 39 93 24 69 26 t  3
Sialkot . . .  8 2 9  7 3  9 1  5 2  1 1 7  3 4  8 3  3 3  4  8
Lahore . . .  7 3 2  7 5  9 3  5 4  j u 7  3 4  *? + f

Delh? ‘ ' ’ 7’°12 55 67 41 88 25 63 23 0?r V ■ • • /18 77 93 59 | 116 40 76 30 -  2Meerut . . .  737 76 93 57 ! 112 , 37 75 32 _  f
• • • • 555 79 95 60 I 116 40 76 34 - 7Deesa. . . .  465 80 92 6? m 4Q «  _ '

■xt * , * ' 3,945 68 79 58 96 39 57 21 9Nee ranch . . ] ,639 75 88 62 i l l  39 72 26 9A j mere . . . l,fill 74 89 5g n 72 28 -  J
Luoknow . . 369 78 92 61 114 38 '* J} | "  '
P l a ab ad : ! ?8°7 78 82 8{ 40 76 31 j ~  7
g - ii lin g  . 7,421 51 61 4 0  '£  2 ^  14 I  fHazaribagh. . 2,007 74 85 61 106 ■ 43 63 4  1 + 7

S x r  : I? »  g  55 j « j «  3 I t  z  l

Chittagong. . o7 77 i fio z: OS ib sagar.. o8' ' 7 82 87 94 48 46 15 -  1Cuttack. . . 89 ‘J  ! 84 88 99 f2 57 19 + 6q 89 /0 110 ol 59 17 ___ f?T .,l°! ' ' ' 1,769 76 | 89 63 HO 42 68 26 — 11Juubulpore. . , ,341 75 ; 90 gl m  “  08 26 -  11
Paohmarhi . . 3,51t 69 ! 83 56 100 35 65 25 I  o
S r : : : ll J? n  " 5 46 6§ 24 -  S
S T - * -  ■ • ’ 3479 S 85 ll 1 it f i  ;? - i oBel gaum . . 2i550 7 i  81 71 103 gl 14 *Sholapur ]j590 79 89 7Q 0 1  8 - 9
Secunderabad . 1,787 78 89 69 109 48 61 19 -  JBellary . . . 1)455 g0 g9 „  ]0g ^  ^  _  12
Bangalore . . 2,981 73 80 67 98 51 47  i 2 _  7Wellington. . 6,200 Cl 66 55 80 37 43 n _  l

K "  • • • 22 82 88 76 108 ! 60 48 11 -  1
1 . 1 0  ,opol, . 2 7 5 82 88 , j  J* _  1

: : « .  g  g  «  »  «  »  *  -  I  •Galle 448 82 8b n  ]05 63 43 9 - 2sS~ :: 5 » 1 i s : : : :ag: : a 8 I 8 gjglS i  : !
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HUMIDITY.
U n d e r  tliis  h e a d in g  th e re  fa l ls  to  b e  c o n s id e r e d  th e  W a t e r  

V a p o u r  p re s e n t  in  th e  a tm o s p h e re , a n d  th e r e a fte r  th e  
v a r io u s  m a n ife s ta t io n s  o f  th e  sa m e  in  th e  fo r m  o f  D e w  a n d  
H o a r  F ro s t , F o g ,  M is t  a n d  C lo u d , R a in , S n o w  a n d  H a il .

W a t e r  v a p o u r  is  a  m o s t  im p o r ta n t  c o n s t itu e n t  o f  th e  
a tm o s p h e re  o w in g  s p e c ia l ly  to  th e  fa c t  th a t  it  is  n e a r  th e  
te m p e ra tu re  a t w h ic h  it  b e c o m e s  l iq u id  o r  s o lid  a n d  is  
n e a r ly  a lw a y s  in  th e  p r e s e n ce  o f  l iq u id  w a t e r ;  so  th a t  
te m p e r a tu r e  c h a n g e s  g r e a t ly  a f fe c t  th e  a m o u n t  o f  v a p o u r  
p r e s e n t .*

W h e r e v e r  w e h a v e  a  s u r fa c e  o f  w a te r  o r , w h a t  a m ou n ts  
to  th e  sa m e  th in g , a m o is t  s u r fa c e  o f  a n y  k in d , e v a p o r a t io n  
is  g o in g  on  fr o m  it  u n less  th e  a ir  is sa tu ra te d  w ith  v a p o u r .
T h e  a m o u n t  o f  v a p o u r  r e q u ir e d  to  p r o d u c e  s a tu ra t io n  
d e p e n d s  s im p ly  o n  th e  te m p e ra tu re , a  r ise  o f  te m p e ra tu re  
c o r r e s p o n d in g  w ith  an  in cre a se  a n d  a fa l l  w ith  a  d e c r e a s e  
o f  th e  a m o u n t  r e q u ir e d . N o w , s in ce  *t.he v a p o u r  in  th e  
a tm o s p h e re  m a y  b e  m e a su re d , ju s t  as th e  a tm o s p h e re  as a 
w h o le  is, b y  th e  pressure it  e x e r ts , so  w e  m a y  sa y  th a t  f o r  
a n y  te m p e ra tu re  th e re  is a  certa in  l im it in g  v a p o u r  p re s su re  
w h ic h  ca n n o t  b e  e x c e e d e d . I f  th e  p re s su re  is b e lo w  th is  
th en  e v a p o ra t io n  w ill  b e  g o in g  o n  a u d  w ill  c o n t in u e  till  
t ld s  l im it in g  p re s su re  is  r e a c h e d . T h e  v a p o u r , w h e n  it  
r e a ch e s  th is  l im it in g  p re s su re , is  sa id  to  b e  saturated.
S u p p o s e , th en , w e  h a v e  a q u a n t ity  o f  s a tu ra te d  v a p o u r  in  
p r e s e n ce  o f  w a te r  a t a g iv e n  te m p e ra tu re  : i f  th e  t e m p e r ­
a tu re  r ises , e v a p o r a t io n  w ill r e c o m m e n c e  b e c a u s e  th e  v a p o u r , 
t h o u g h  sa tu ra te d  fo r  th e  lo w e r , is  n o t  sa tu ra te d  fo r  th e  
h ig h e r  te m p e r a tu r e . O n  th e  o th e r  h a n d , i f  th e  t e m p e r ­
a tu re  fa lls , th e  a m o u n t o f  v a p o u r  is in  e x c e s s  o f  th a t  r e q u ir e d

* “ Let ns suppose for a moment that the atmosphere consisted of 
water vapour only and that the hydrosphere covered the earth uniformly 
■with a liquid layer. The amount of this atmosphere, and consequently 
its pressure, would depend upon the temperature. Evaporation takes 
place from cold water, or even ice, but at every temperature when the vapour 
exerts a certain definite pressure upon the liquid, evaporation is stopped, and 
the vapour is said to be saturated at that temperature."  H. It. Mill, op. cit.
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f o r  sa tu r a t io n  at th is  lo w e r  te m p e r a tu r e , a u d  so m e  o f  it ,
. a c c o r d in g ly ,  m u st b e  r e - c o n d e u s e d  in to  w a te r .

A s  a  m a tte r  o f  f a c t ,  th e  a ir  te m p e r a t u r e  is  c o n t in u a lly  
c h a n g in g  a n d  c o n s e q u e n t ly  th e  a m o u n t  o f  w a te r  v a p o u r  is  
c o n t in u a lly  c h a n g in g  a ls o . S o m e t im e s , h o w e v e r , th e  a ir  
is  c o m p le t e ly  s a tu r a te d  fo r  a  t im e , o r  e x e r t s  s u ff ic ie n t  p r e s ­
su re  to  p u t  a s to p  to  th e  p r o c e s s  o f  e v a p o r a t io n .

W h e n  w a te r  v a p o u r  a t 32 ° F . e x e r t s  a  p r e s s u r e  o f  0 1 8  
in c h e s  o f  m e r c u r y  th e  a ir  is  s a tu r a te d , b u t  a t 50° F .  it  
m u s t  e x e r t  tw ic e  th e  p r e s s u r e , 0 3 6  in c h e s , a n d  a t 70° F . 
d o u b le  th e  p r e s s u r e  a t 5 0 ° F . ,  0 7 3  in c h e s , w h ic h  is  a n o th e r  
w a y  o f  s ta t in g  th a t  a ir  a t  a  t e m p e r a t u r e  s a y  o f  70° F .  ca n  
h o ld  tw ic e  th e  a m o u n t  o f  w a te r  v a p o u r  h e ld  b y  s a tu ra te d  
a ir  a t  5 0 °  F .  b u t  o n ly  h a l f  th e  a m o u n t  h e ld  b y  s a tu r a te d  
a ir  a t  90 ° F . I t  is  th u s  e v id e n t , as m a y  b e  s e e n  a ls o  b y  
c o n s u lt in g  a  ta b le  o f  th e  w e ig h t  o f  v a p o u r , th a t  th e  a m o u n t  
o f  v a p o u r  w h ic h  c a n  b e  r e n d e r e d  in s e n s ib le  in c r e a s e s  w ith  
th e  te m p e r a tu r e , b u t  n o t  r e g u la r l y ;  c o m p a r a t iv e ly  m o r e  
is  ta k e n  u p  a t  h ig h  te m p e r a t u r e s . T h u s  a t  6 7 ° F . ,  7 '2 2  
g r a in s  a re  s u p p o r t e d  in a  c u b ic  f o o t  o f  a i r ;  a t  72° F . ,  8 -47  
g r a in s , o r  1 '2 5  g r a in s  m o r e ; a t  77° F . ,  9 92  g r a in s , o r  F 4 5  
g r a in s  m o r e  th a n  a t  72° F .  T h e r e fo r e ,  i f  tw o  c u r r e n ts  o f  
a ir  o f  u n e q u a l te m p e r a t u r e s , b u t  s a tu r a te d  w ith  m o is tu re , 
m e e t  in e q u a l  v o lu m e , th e  t e m p e r a tu r e  w i l l  b e  th e  m ea n  o f  
th e  t w o , n e a r ly , b u t  th e  a m o u n t  o f  v a p o u r  w h ic h  w ill  he 
k e p t  in v is ib le  is  le ss  th a n  th e  m ean  a n d  so m e  v a p o u r  t h e r e ­
fo r e  n e c e s s a r i ly  fa l ls  as f o g  o r  ra in . T h u s  o n e  s a t u ­
r a te d  c u r r e n t  b e in g  a t  6 7 ° F . a n d  th e  o t h e r  a t 77° F .  th e  
r e s u lta n t  te m p e r a tu i ’e  w ill  b e  7 2 ° F . n e a r ly , b u t  th e  a m o u n t  
o f  in v is ib le  v a p o u r  w ill n o t  b e  th e  m e a n , viz., 8 ‘ 57  g r a in s  
p e r  c u b ic  fo o t ,  b u t  8 '4 7  g r a in s  p e r  c u b ic  f o o t ; an  a m o u n t  
e q u a l t o  O '10 g r a in s  p e r  c u b ic  f o o t  w i l l  t h e r e fo r e  b e  
d e p o s i t e d ,  a n d  w ill b e c o m e  v is ib le  as  c lo u d . S h o u ld  th is  
c o n d e n s e d  v a p o u r  m e e t  w it h  a ir  n o t  s a tu r a te d , it  w ill  b e  
r e -a b s o r b e d , p a r t ia l ly  o r  w h o l ly  a c c o r d in g  t o  th e  c a p a c it y  
o f  th e  la t te r .

T h e  t o ta l  a m o u n t  o f  w a te r  v a p o u r w h ic h is c o u t a in e d  a t a n y
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tim e  in  a  g iv e n  v o lu m e  o f  a ir  a n d  e x p r e s s e d  in  t lie  p re s su re  
it  e x e r ts  iu  in c h e s  o f  m e r c u r y  o r  in  g r a iu s  o f  m o is tu re  p e r  
c u b ic  fo o t  o f  a tm o s p h e re , is t e r m e d  th e  A b s o lu te  H u m id ity .
F o r  ou r  p u rp o s e , h o w e v e r , th is  is  n o t  n ea r ly  so  im p o r ta n t  
as th e  e st im a tio n  o f  th e  p e r c e n ta g e  o f  m o is tu re  p r e s e n t  
r e la t iv e  to  th e  to ta l  p o s s ib le  a m o u n t w h ic h  t lie  a ir  a t  a n y  
p a r t icu la r  te m p e ra tu re  m ig h t  c o n ta in  i f  sa tu ra te d . I n  
o th e r  w o r d s , it  is th e  p e r c e n ta g e  o f  sa tu ra t io n  w h ic h  is  so  
im p o r ta n t . I t  is c a lle d  th e  R e la t iv e  H u m id ity  a n d  is  
e x p r e s s e d  as so  m u c h  p er  cent., 100  b e in g  s a tu r a t io n .*
W h e n ,  th e r e fo r e , th e  r e la t iv e  h u m id ity  is  lo w  th e  a tm o s ­
p h e r e  fe e ls  d r y  a n d  e v a p o r a t io n  p r o c e e d s  r e a d ily  fr o m  
m o is t  su r fa ce s  su ch  as th e  h u m a n  sk in  ; w h e n , o n  th e  o th e r  
h a n d , th e  re la t iv e  h u m id ity  is  h ig h  o r  a p p r o x im a te s  to  
sa tu ra t io n , e v a p o r a t io n  p r o c e e d s  v e r y  s lo w ly  a n d  th e  a ir  is  
sa id  to  b e  ‘ d a m p .’  I n  s u ch  a  ca se  a  v e r y  s l ig h t  fa l l  iu  
te m p e ra tu re  le a d s  to  sa tu ra tio n  a n d  co n s e q u e n t  c o n d e n s a ­
t io n  o f  m o is tu re . T h e se  p r o p e r t ie s  o f  w a te r  v a p o u r  a re  o f  
th e  h ig h e s t  im p o r ta n c e  a n d  fu r n is h  a u .e x p la n a t io n , p a r t ia l  
o r  c o m p le te , o f  m a n y  a tm o s p h e r ic  p h e n o m e n a  su ch  as 
e v a p o r a t io n , th e  fo r m a t io n  o f  f o g ,  c lo u d , ra in , e t c .  T w o  
p o in ts  re m a in  to b e  n o t ic e d . F ir s t ly ,  th a t  v a p o u r  in  
c o n ta c t  w ith  its  o w n  l iq u id  a lw a y s  te n d s  to  b e c o m e  
sa tu ra te d , b u t  th e  sa tu ra t io n  w ill n o t  n e c e s s a r i ly  e x t e n d  fa r  
fr o m  th e  s u r fa c e  o f  th e  liq u id , i f  th e  v a p o u r  b e  m in g le d  
w ith  a ir  w h ic h  re ta rd s  its  m o v e m e n t . f  H e n c e  a t sea  th e  
h u m id ity  o f  th e  a ir  is a lw a y s  h ig h  o r  n e a r  s a tu ra t io n .
S e c o n d ly ,  on  a c c o u n t  o f  th e  lo w  te m p e ra tu re  a t g r e a t  e le v a ­
t io n s , w a te r  v a p o u r , a lth o u g h  its  d e n s ity  is  o n ly  h a l f  th a t 
o f  th e  a ir , is a lm o s t  e n t ir e ly  c o n fin e d  to  th e  lo w e r  r e g io n s  
o f  th e  a tm o s p h e re . S t ill, as a  g e n e r a l  ru le , th e  a ir  b e c o m e s  
relatively  m o re  h u m id  as w e  a s c e n d , f o r  w a te r  v a p o u r  is  
a lw a y s  tending to  a s c e n d  t h r o u g h  th e  a tm o s p h e r e ,— t e n d ­
in g  to w a r d s  a  d is tr ib u t io n  w h ic h  it  ca n  n e v e r  a t ta in ,— as 
e x p la in e d  a b o v e , so  th a t , as w ill a fte r w a r d s  b e  seen , a t  h ill

# The relative humidity bears a distinct relation to the temperature at 
the time of observation ; the absolute humidity refers only to the amount 
of water vapour present, independent of temperature.

t  v, Blaudford, Meteorologist's Tads Mecum, see, 12, p. 108.
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s ta t io n s  e v e n  d u r in g  iiu e  d ry  w e a th e r , th e  re la tiv e  h u m id ity  
is  alw ay’ s m u c h  h ig h e r  th a n  o n  th e  p la in s  b e lo w .

D u r in g  e v a p o r a t io n  o r  co n d e n s a t io n  im p o r ta n t  T h e rm a l 
C h a n g e s  ta k e  p la c e . “  T h e  c h a n g e  o f  a  p o u n d  o f  w a te r  
in to  a  p o u n d  o f  v a p o u r  re q u ire s  th e  sa m e  e x p e n d itu r e  o f  
e n e r g y  w h e th e r  it  ta k e s  p la c e  in a k e tt le  b o i l in g  on  a  fire , 
o r  o v e r  th e  s u r fa c e  o f  a  f r e e z in g  p o n d . ” *  T h u s  w h eu  th e  
te m p e ra tu re  o f  th e  a ir  r e s t in g  o v e r  th e  s u r fa c e  o f  a ta n k  
o r  m o is t  g r o u n d  is r a ise d , e v a p o r a t io n  c o m m e n ce s , a n d  
h e a t  b e in g  u sed  u p  in  th e  p r o c e s s , th e  a ir  is  c o o le d  a n d  
c o n t in u e s  to b e  c o o le d  t i l l  th e  te m p e ra tu re  o f  sa tu ra t io n  
is  r e a c h e d . In  p r a c t ic e ,  o w in g  to  th e  fa c t  th a t  th e  p a r t ia lly  
s a tu ra te d  a ir  is r e m o v e d  b y  w in d , th e  p r o c e s s  o f  e v a p o r a ­
t io n  g e n e r a l ly  c o n t in u e s  a t v a r y in g  d e g r e e s  o f  r a p id ity , 
th r o u g h o u t  th e  d.ay. C o n v e rs e ly , w h en  a ir  sa tu ra te d  w ith  
v a p o u r  is  c o o l in g  b y  ra d ia t io n , th e  v a p o u r  as it  c o n d e n s e s  
g iv e s  o u t  h e a t  a n d  so  le sse n s  th e  ra te  b y  lo w e r in g  th e  
te m p e ra tu re . I n  b o th  ca ses  th e  e f fe c t  is  to  retard the rate 
of the temperature changes, a n d  th u s in flu e n ce  in  a s t r ik in g  
m a n n e r  th e  lo c a l  c lim a te .

T h e  R a te  o f  E v a p o r a t io n  fr o m  a g iv e n  s u r fa c e  v a r ie s  
w ith  th e  te m p e ra tu re  o f  th e  a ir , th e  sta te  o f  th e  w in d , th e  
a m o u n t  o f  m o is tu re  a lr e a d y  p r e s e n t  in  th e  a tm o s p h e re , th e  
n a tu re  o f  th e  s u r fa c e  it s e l f  a n d  its  e x p o s u r e  to s o la r  a ct ion .
T h e  g r e a t e r  th e  h e a t  th e  fr e e r  th e  e v a p o r a t io n , o th e r  
th in g s  b e in g  e q u a l ; b u t  th e  la tte r  in c re a se s  m o re  r a p id ly  
th a n  in  p r o p o r t io n  t o  th e  r ise  o f  te m p e ra tu re , b e c a u s e  h e a t  
a c ts  n o t  o n ly  b y  p r o m o t in g  v a p o r iz a t io n  b u t  a lso  b y  a u g ­
m e n t in g  th e  c a p a c ity  o f  th e  a ir  fo r  h u m id i t y .t  W in d  
fa v o r s  e v a p o r a t io n  b y  r e p la c in g  a ir  m o re  o r  le ss  n e a r ly  
sa tu ra te d  b y  d r ie r  a ir , u n less  th e  c u r r e n t  is i t s e l f  m o is te r  
th a n  th e  a ir  w h ic h  it  r e m o v e s . T h e  le ss  th e  m o is tu re  
a lr e a d y  p r e s e n t  a b o v o  th e  e v a p o r a t in g  s u r fa c e  th e  m o re  
ra p id  is  e v a p o r a t io n  : th e  p r o c e s s  b e c o m in g  g r a d u a lly  
s lo w e r  as s a tu ra t io n  is a p p r o a c h e d . T h e  s h a d e  a f fo r d e d  
b y  tre e s , h ills , b u i ld in g s , e t c .,  d im in is h e s  e v a p o r a t io n ;  a n d

* Mill, op. cit., p. 108. f  v. p. 306.
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fin a lly , a  m o is t  so il y ie ld s  m o re  v a p o u r  iu  a g iv e n  tim e 
th a n  an  e q u a l a re a  o f  w a te r .

Hum idity in  Relation to H ealth.— T h e r e  is  n o  d o u b t  th a t  
th e  v a r y in g  d e g re e s  o f  a tm o s p h e r ic  h u m id ity  e x e r c is e  u p on  
th e  h u m a n  b o d y  a  v e r y  p o w e r fu l  in f lu e n c e ;  b u t  su ch  
in flu e n ce  is so  g r e a t ly  m o d ifie d  b y  a n d  so  c lo s e ly  d e p e n d e n t  
u p o n  o th e r  v a r ia b le  c l im a t ic  fa c to r s  su ch  as te m p e ra tu re , 
p re ssu re , w in d s , e t c .,  th a t  it is  q u ite  im p o s s ib le  to  a sce rta in  
a n d  d e fin e  a c cu ra te ly  th e  p a r t  p la y e d  b y  h u m id ity  a lon e .

O n e  v e r y  im p o r ta n t  p o in t  has b e fo r e  b e e n  a llu d e d  to  
a n d  th a t  is th e  fa c t  th a t  th e  m oistu re , o f  th e  a tm o s p h e re  
a c ts  as th e  great regulator of the distribution of warmth 
o v e r  the e a r th ’ s s u r fa ce , p a r t ly  b y  r e ta in in g  o r  o b s t r u c t in g  
th e  h e a t  ra d ia te d  b a c k  fr o m  th e  e a r th *  a n d  p a rt ly  b y  th e  
th erm a l c h a n g e s  co n s e q u e n t  o n  th e  p r o c e s s e s  o f  e v a p o r a t io n  
a n d  c o n d e n s a t io n . T h e r e  is  s t r o n g  re a so n  to  b e lie v e  th a t 
it  is  n o t  so  m u ch  th e  w a te r  v a p o u r  it s e l f  as th e  d u s t  a u d  
m o is tu re  p a r t ic le s  w h ic h  a b s o rb  th e  h e a t  ra d ia te d  fr o m  
th e  e a r th ’ s s u r fa c e , b u t  in  a n y  ca se  th e  e f fe c t  p r o d u c e d  
is  w e ll-m a r k e d .

I n  p la ce s  th en  w h ere  th e  a ir  is m o re  o r  less c o n s ta n t ly  
d a m p  th e  v a r ia t io n s  in te m p e ra tu re  a re  g e n e r a lly  g r a d u a l 
a u d  th e  c l im a te  is  sa id  to  b e  e q u a b le . A s  w ill  b e  a f t e r ­
w a rd s  seen , th is  is c h a r a c te r is t ic  o f  island  c l im a te s , i.e., 
c lim a te s  o f  p la ce s  s itu a te d  o n  o r  n e a r  th e  sea , a n d  w h ile  it 
su its  th e  co n s t itu t io n  o f  som e  p e o p le  is a p t  to  p r o v e  v e r y  
t r y in g  a n d  d e p r e s s in g  to  o th e rs . I t  is b e lie v e d  th a t  w h e n  
th e  a ir c o n ta in s  a  la r g e  a m o u n t o f  m o is tu re  th e  e x c r e t io n  
o f  c a r b o n ic  a c id  fr o m  th e  lu n g s  is  in c re a s e d , a n d  vice versa.

I f  th e  a b so lu te  h u m id ity  is lo w  th e  r e s p ir a to r y  fu n c t io n s  
a re  e s p e c ia lly  a ffe c te d , a u d  th e  a m o u n t o f  e x p e c to r a t io n  
m u ch  d im in is h e d .

W h e n  th e  r e la t iv e  h u m id ity  is  lo w  a n d  tlio  te m p e ra tu re

* “ The_ aqueous vapour [or condensed vapour and duet pnrtieles] takes up the [heat] motion, and becomes thereby heated, thus wrapping the earth 
like a warm garment, and protecting its surface from the deadly chill which it would otherwise sustain.” Tyndall.
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h ig h , w h e n , in  o th e r  w o rd s , th e  a ir  is w a rm  a n d  d ry , as 
o r d in a r ily  u n d e r s to o d , t lie  p r o c e s s  o f  e v a p o r a t io n  fr o m  th e  
sk in  is  c o n t in u a lly  g o in g  on  a n d  th e  b o d y  te m p e ra tu re  is 
m a in ta in e d  a t sa fe  lim its . I f  th e  a ir  is  c o ld  a n d  d r y  th e  
lo ss  o f  m o is tu re  ta k e s  p la c e  p r in c ip a l ly  fr o m  th e  lu n g s .
S u ch  a ir  h as fr e q u e n t ly  a  m o s t  e x h ila r a t iu g  e f fe c t  a n d  is 
e s p e c ia l ly  v a lu a b le  in  th e  tre a tm e n t  o f  m a n y  p u lm o n a ry  
co m p la in ts  a n d  in  th e  d e b il i ty ,  w h e n  n o t  e x tre m e , f o l lo w ­
in g  lo n g  r e s id e n c e  in  m o is t , t r o p ic a l  c lim a te s . E p id e m ic s  
o f  s m a ll -p o x  a n d  p la g u e  are  g e n e r a lly  c h e c k e d  b y  a  v e r y  
d r y  a tm o s p h e re .

In  In d ia  th e  g r e a te s t  d a n g e r  to  h e a lth  is  in cu rre d  w h e n  
th e  te m p e ra tu re  is  h ig h  a n d  th e re  is  a t th e  sa m e  tim e  a 
h ig h  r e la t iv e  h u m id ity  : a n d  th is  f o r  a  t w o - fo ld  r e a so n . I n  
th e  first  p la c e  th e  p r o c e s s  o f  e v a p o ra t io n  fr o m  th e  sk in  is  n o t  
a c t iv e  a n d  w h e n  th e  a ir , as fr e q u e n t ly  h a p p e n s , is  v e r y  s till, 
th e  su r fa ce  o f  th e  sk in  a n d  th e  c lo th e s  b e c o m e  sa tu ra te d  
Avith m o is tu re . I n  su ch  a ca se  th e  r e l ie f  n a tu r a lly  a f fo r d e d  
to  th e  o r g a n is m  b y  th e  lo ss  o f  h e a t  c o n s e q u e n t  o n  e v a p o r ­
a tion  is  a lm o st  e n t ir e ly  w a n t in g  a n d  th e  b o d y  te m p e ra tu re  
m a y  r ise  to  su ch  a  h e ig h t  as to  e n d a n g e r  l i f e .*  In  th e  
s e c o n d  p la ce  a  p e r s o n  Avhose b o d y  a n d  c lo t h in g  a re  b a th e d  
in  p e r s p ir a t io n  m a y  b e  s u d d e n ly  e x p o s e d  to a b r e e z e , 
Avhereby ra p id  e v a p o ra t io n , fo l lo w e d  b y  c o o l in g  o f  th e  b o d y  
s u r fa ce , ca u se s  su d d e n  c o n g e s t io n  o f  th e  in te rn a l o rg a n s  
a u d  a  se r io u s  ‘ c h i l l 5 is  r e c e iv e d , re su lt in g  in  p le u r isy , 
r h e u m a tism , h e p a tit is , d y s e n te r y , etc . T h e  l ia b il i t y  to  
su ffe r  fr o m  c h ill  v a r ie s  m u ch  in  d iffe re n t  p e rs o n s , as a lso  
th e  o r g a n  a ffe c te d , b u t  th e  a b d o m in a l v is c e r a  b e in g  m o st  
c o m m o n ly  c o n g e s t e d , d ia rrh oea , d y s e n te r y , a n d  h e p a t ic  
a b s ce s s  a re  v e ry  fr e q u e n t  a ffe c t io n s  in  w a rm  m o is t  c lim a te s  
a b o u t  th e  b e g in n in g  a n d  e n d  o f  th e  ‘ r a in s .5

T h e  g e n e r a l  e f fe c t  o f  lo n g  c o n t in u e d  Avarmth a n d  m o is tu re  
o f  th e  a ir  on  E u r o p e a n  c o n s t itu t io n s  is  th e  p r o d u c t io n  o f  
a  f e e l in g  oE la n g u o r  Avhich m a y  a m o u n t  to  c o m p le te  d is ­
in c lin a t io n  t o  m e n ta l o r  b o d i ly  e x e r t io n . T h e  a p p e t ite  is

# v. ants, p, 291.
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le sse n e d , b u t  th e  tissue c h a n g e s  b e in g  m a rk e d ly  le s se n e d  
a lso , th e  a m o u n t o f  s u b cu ta n e o u s  fa t  is  o fte n  in cre a se d .
C e rta in  d isea ses , su ch  as m a la ria  an d  ch olera ., fin d  a  p a r t i­
c u la r ly  c o n g e n ia l  h o m e  w h e n  to  th e  o r d in a r y  co n d it io n s , 
su ch  as e x ce s s  o f  o r g a n ic  m a tte r  in th e  so il, e tc .,  c o n ­
t in u e d  a tm o s p h e r ic  w a rm th  a n d  m o is tu re  a re  a d d e d .

W h e n  th e  a ir  is  c o ld  a n d  m o is t  th e r e  is a t e n d e n c y  to  
rh e u m a tic  a n d  ca ta rrh a l a ffe c t io n s , a n d  g re a t  p r e c a u t io n s  
a re  n e c e s s a ry  in  th e  d ir e c t io n  o f  a lw a y s  w e a r in g  w o o lle n  
c lo t h in g  n e x t  th e  sk in . U n d e r  su ch  c ir c u m s ta n c e s  th e  
k id n e y s  b e c o m e  s p e c ia lly  a c t iv e  w h ils t  th e  lo s s  o f  m o is tu re  
th r o u g h  th e  sk in  is r e d u c e d  to  a  v e r y  sm a ll a m ou n t.

I t  is n o t  p o s s ib le  to  la y  d o w n  a n y  d e fin ite  ru le  r e g a r d in g  
th e  d e g r e e  o f  r e la t iv e  h u m id ity  m o s t  c o n d u c iv e  to  h e a lth , 
o n  a c c o u n t  o f  its  c lo s e  re la t io n  to  o th e r  c l im a t ic  fa c to r s  : 
it  is  g e n e r a lly  s ta te d  to  b e  b e tw e e n  70 a n d  8 0 per cent., b u t  
th e  s ta te m e n t  is  o f  litt le  v a lu e  per se.

Estim ation of H um id ity.— T h e  a b s o lu te  o r  r e la t iv e  h u ­
m id ity  ca n  e a s ily  b e  c a lc u la te d  w h e n  th e  te m p e ra tu re  an d  
d e w -p o in t  a re  k n o w n . T h e  a m o u n t  o f  a q u e o u s  v a p o u r  
w h ic h  a ir  ca n  re ta in  w ith o u t  d e p o s it in g  it as  d e w  o r  ra in , 
v a r ie s , as w e h a v e  seen , w ith  t e m p e r a t u r e ; a n d  th e  D e w - 
P o in t  at a n y  tim e  is that temperature at which the quantity 
of vapour then present would he sufficient fo r saturation, 
so that any fu rther depression would be attended w ith  
deposition of dew. I t  is  a s c e r ta in e d  e ith e r  directly  b y  
R e g n a u lt ’ s o r  D a n ie ll ’ s H y g r o m e t e r s ,*  o r  ind irectly  b y  
th e  W e t  a n d  D r y  B u lb  H y g r o m e t e r ,  s o m e tim e s  c a l le d  th e  
P y s c l ir o m e te r  o f  A u g u s t .

R e g n a u lt ’ s h y g r o m e te r  c o n s is ts  o f  a  g la s s  tu b e , c lo s e d  
b e lo w  b y  a c a p  o f  th in  a n d  h ig h ly  p o lis h e d  s i lv e r , 1-8 in ch  
in d e p t li  a n d  0 8 in c h  in  d ia m e te r , a  v e i ’y  s e n s it iv e  th e r m o ­
m e te r  p a s s in g  th r o u g h  a  c o r k  in  th e  u p p e r  o r if ic e  o f  th e  
tu b e  a n d  d e s c e n d in g  n e a r ly  to  th e  b o tto m  o f  th e  ca p .

* Other Hygrometers are Dines’ (direct) and the Hair Hygrometer of 
Sanssnro (indirect). For their description v. any text-book of Meteorology,S. and M’s Hygiene, etc.
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F ro m  th e  sam e d e p th  rises a  th in  g la s s  tu b e , a lso  p a s s in g  
th r o u g h  th e  c o r k  : w h ile  an  o p e n in g  in th e  u p p e r  p a r t  o f  
th e  in s tru m e n t c o m m u n ica te s  w ith  a n  a sp ira to r . W h e n  an  
o b se rv a t io n  is to  b e  ta k en , e th e r  is  p o u r e d  in to  th e  tu b e  
u n til  it  is  a b o u t  h a l f  fu ll a n d  a tm o s p h e r ic  a ir  is  d ra w n  
th r o u g h  th e  e th e r  b y  m ea n s  o f  th e  a sp ira to r  a n d  th e  fin e  
g la s s  tu b e . A s  th e  a ir  b u b b le s  th r o u g h  th e  e th e r  th e  
te m p e ra tu re  o f  th e  la tte r  a n d  o f  th e  s ilv e r  c a p  in  c o n ta c t  
w it h  i t  fa l ls  u n til th e  d e w -p o in t  is  r e a c h e d , th a t  is, u n til 
th e  a ir  o u ts id e  th e  c a p  is  c o o le d  to  su ch  a  d e g r e e  th a t  it  
ca n  n o  lo n g e r  r e ta in  its  m o is tu re , w h ic h  is d e p o s ite d  as a 
d e w  u pon  th e  s ilv e r . T h e  im m ersed  th e rm o m e te r  in d ica te s  
th e  te m p e ra tu re  a t w h ic h  th is  o c c u r s , a n d  it sh o u ld  b e  
r e a d  a t th e  in s ta n t o f  th e  c lo u d in g  o f  th e  s i lv e r . T h re e  
o r  fo u r  o b s e r v a t io n s  a re  g e n e r a lly  n e c e s s a ry  to  a c c u r a te  
d e te rm in a tio n , w h ic h  m a y  b e  th u s  m a d e  to  0 o ,l .  T h e  
te m p e ra tu re  o f  th e  a ir  m u st b e  s im u lta n e o u s^ ' n o ted .

D a n ie ll ’ s h y g r o m e t e r  is m o re  p o r ta b le  a n d  c o n v e n ie n t  
th a n  R e g n a u lt 's ,  b u t  th e  in d ic a t in g  th e r m o m e te r  is so  
sm a ll th a t  d e te rm in a tio n s  c a n n o t  b e  m a d e  n e a r e r  th a n  to  
0 ° '5 . T h e re  is  d ifficu lty  a lso  in  c a t c h in g  th e  p r e c is e  in sta n t 
a t w h ich  th e  d e w  a p p e a rs . T h e  in s tru m e n t  co n s is ts  o f  tw o  
sp h e r ica l g la s s  b u lb s  a b o u t  1£ in c h  in  d ia m e te r , c o m m u n i­
c a t in g  b y  a g la s s  tu b e  b e n t  a t r ig h t  a n g le s . O n e  o f  th ese  
is  b la c k , th e  o th e r  tra n sp a re n t . A  sm all m e rcu r ia l th e r m o ­
m e te r  w ith  p y r ifo rm  b u lb  is e n c lo s e d  in that lim b  o f  the tu b e  
w h ich  co m m u n ica te s  w ith  th e  fo r m e r , th e  b u lb  d e s c e n d in g  
to  th e  c e n tr e  o f  th e  b la c k  sp h e re . S u ffic ie n t  e th e r  to  fill 
th is  a b o u t  t h r e e - fo u r th s  h a s  b e e n  o r ig in a lly  in tr o d u c e d , 
th e  a ir  e x c lu d e d  as c o m p le te ly  as p o s s ib le  b y  b o i l in g , a n d  
th e  w h o le  h e r m e t ic a lly  se a le d . T h e  o th e r  sp h e re  is c o v e r e d  
w ith  m u slin  a n d  th e  w h o le  su p p o r te d  b y  a s ta n d  on  w h ic h  
is  f ix e d  a s e co n d  d e l ic a te  th e r m o m e te r  in d ic a t in g  th e  a ir  
te m p e ra tu re . T o  ta k e  an  o b se iw a tio u  th e  e th e r  is  first 
c o l le c t e d  in to  th e  b la c k  sp h e re  a n d  th e  te m p e ra tu re  o f  th e  
a ir  n o te d . E th e r  is  th e n  d r o p p e d  u p on  th e  m u s lin . A s  it 

e v a p o ra te s , th e  c o ld  p r o d u c e d  co n d e n s e s  th e  e th e r  v a p o u r

i
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w h ic h  fills th e  tra n sp a re n t sp h e re  am i th e  c o n n e c t in g  tu b e , 
a n d  so  c o m p e ls  e v a p o r a t io n  an d  co n s e q u e n t  c o o l in g  in  th e  
b la c k  sp h e re . T h e  m e r c u r y  in  th e  e n c lo s e d  th e rm o m e te r  
fa lls  an d , w h e n  it  re a ch e s  th e  d e w -p o in t ,  a  r in g  o f  c o n ­
d e n s e d  v a p o u r  a p p e a rs  on  th e  b la c k  sp h e re  a t th e  le v e l  
o f  th e  s u r fa ce  o f  th e  e th e r  w ith in . A s  th e  e th e r  r e c o v e r s  
its  o r ig in a l te m p e ra tu re  th e  r in g  g r a d u a lly  d isa p p e a rs .
A t  th e  m o m e n t  o f  its  d is a p p e a ra n ce  th e  in d ic a t io n  o f  th e  
e n c lo s e d  th e rm o m e te r  g iv e s  a n o th e r  a p p ro x im a tio n  to  th e  
d e w -p o in t , a n d  th e  m ea n  o f  th e  tw o  o b s e r v a t io n s  is su ffi­
c ie n t ly  n e a r  th e  tru th  fo r  o r d in a r y  p u rp o se s .

T h e s e  in stru m en ts , as a b o v e  s ta te d , g iv e  th e  d e w -p o in t  
d ir e c t ly ,  w h ils t  th e  W e t  a n d  D r y  B u lb  H y g r o m e te r , b y  a 
c o m p a r is o n  o f  its  in d ic a t io n s , g iv e s  th e  sa m e  in d ir e c t ly .
T h is  in s tru m e n t co n s is ts  o f  tw o  s im ila r  th e rm o m e te rs , set a t 
le a s t  on e  f o o t  a p a rt  in  a  fra m e  fix e d  fo u r  f e e t  fr o m  th e  
g r o u n d , w ith  th e  p r e c a u t io n s  b e fo r e  d e s c r ib e d .*  O n e g iv e s  
th e  a ir -te m p e ra tu re  in  th e  o r d in a r y  w ay  ; th e  o th e r  th e  
“  te m p e ra tu re  o f  e v a p o r a t io n . ”  T h e  b u lb  o f  th e  la tte r  
is  c o v e r e d  w ith  m u slin  w h ic h  is  k e p t  c o n s ta n t ly  m o is t  b y  
m ea n s o f  c o t to n  th re a d  c o n n e c t in g  it  w ith  a  sm a ll r e s e r v o ir  
o f  ra in  o r  d is t i l le d  w a te r  f ix e d  on  th e  sta n d . T h e  c o t to n  
sh o u ld  b e  p e r fe c t ly  fr e e  fr o m  g r e a s e  w h ich  m ig h t  in te r fe re  
w ith  its tra n sm iss ion  o f  w ater  to  th e  b u lb . A s  th e  m o is tu re  
e v a p o r a te s  th e  b u lb  co o ls  a n d  th e  m e r c u r y  fa lls  : t  a u d  th e  
less  th e  h u m id ity  p r e s e n t  in  th e  a ir  th e  m o re  r a p id  is  th e  
e v a p o r a t io n  a n d  th e  g r e a te r  th e  d e p re ss io n  o f  th e  m e rcu ry .
W h e n  th e  a ir  is n e a r ly  sa tu ra te d  e v a p o r a t io n  is v e r y  s lo w  
a n d  th e  in d ic a t io n  o f  th e  w e t  b u lb  th e r m o m e te r  is lit t le  
lo w e r  th a n  th a t  o f  th e  d r y  b u l b ; a t sa tu ra tio n  th ey  c o in c id e

* v. p. 297.
t “ In computing the dew-point from tlie depression of the wet bulb, it 

is assumed that the air around the bulb gives up bent sufficient to evapo­
rate the additional quantity of water requisite to saturate it; and that, this 
atmosphere being constantly renewed, the wet bulb is kept at the temper­
ature to which it is thus depressed ” . (Blandford). From which it follows 
that the air round the wet bulb must at all times circulate gently : the 
stagnant air of a room is therefore unsuitable, that of the thermometer shed 
(p. 297) generally fulfilling the requisite conditions best.

40h
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a n d  th e ir  c o m m o n  in d ic a t io n  is th e  d e w -p o in t . W h e n  th e  
te m p e ra tu re  is v e r jT lo w , as w h en  it  is f r e e z in g , e v a p o ra t io n  
s t ill  p r o c e e d s  ; b u t  v e r y  s lo w ly , b e ca u se  th e  c a p a c ity  fo r  
m o is tu re  is  lo w . T h e  d iffe r e n c e s  a re  th e n  m in u te  a n d  
o b s e r v a t io n s  re q u ire  sp e c ia l c a r e  a n d  p re ca u tio n s . U n le ss  
th e  a ir  is sa tu ra te d , th e  in d ic a t io n  o f  th e  w e t  b u lb  th e r m o ­
m e te r  w ill  a lw a y s  b e  b e lo w  th a t o f  th e  d ry  b u lb  a n d  a b o v e  
th e  d e w -p o in t .

H a v in g  o b s e r v e d  th e  d iffe r e n c e  b e tw e e n  th e  in d ica t io n s  
o f  th e  tw o  th e r m o m e te r s  th e  d e w -p o in t  m a y  b e  ca lc u la te d  
e ith e r  b y  A p jo h n ’ s*  o r  A u g u s t ’ s fo r m u la  o r  b y  G la is h e r ’ s 
ta b le s . I n t o  th e  th e o r y  a n d  p r a c t ic e  o f  th e se  m e th o d s  f o r  
e s t im a t in g  h u m id ity  it  is n o t  n e c e s s a ry  n o r  d e s ira b le  to  g o  
h ere . I n  p r a c t ic e  th e  h u m id ity  is, f o r  a ll o r d in a r y  m e te ­
o r o lo g ic a l  p u r p o s e s , o b ta in e d  fr o m  ta b le s  w h ich  sh e w  th e  
h u m id ity  c o r r e s p o n d in g  to  a n y  g iv e n  d e p r e s s io n  o f  th e  
w e t  b u lb , f o r  a ll t e m p e ra tu re s  o f  th e  w e t  b u lb . In  In d ia , 
B la n d fo r d ’ s ta b le s  a re  m o st  c o n v e n ie n t .

* This formula gives, not the dew-point itself, but the Tension of aqueous 
vapour of the dew-point in terms of the tension at the temperature of evapo­
ration. The corresponding temperatures are obtained from a table, which 
expresses the tension or elastic force of vapour at various temperatures in inches or fractions of an inch of mercury. I f a glass tube, closed at one end, 
whose inner surface has been moistened witli water, be filled with mercury 
and inverted with its open end immersed in a vessel containing mercury, the level in the tube will be lower than in the ordinary barometer; because 
the upper part of the tube, instead of being a vacuum, is filled with aqueous vapour, whose tension or elastic force depresses the mercury nnd 
is measured by the amount of depression. So long as water is present 
above the mercury, to supply Vapour, the tension is constant, however 
the space may be increased by raising the tube in the vessel, (provided 
the open end remain immersed) ; and if the tube be depressed, contract­
ing the space above, some vapour will be re-converted to water nnd the 
tension will be the same, temperature and pressure being unchanged.
The amount of depression of the mercurial column corresponding to every 
ordinary degree of temperature has been ascertained and tabulated. It 
must be added that if air were present, along with the aqueous vapour, 
the relation of tension to temperature would be unaltered : the only dif­
ference between the two cases being that in vacuo the space is saturated 
very rapidly with vapour, while more time is necessary if air be present.lilandford prefers August’s formula to Apjohn’s, as being based on 
more accurate determinations of the elastic force of aqueous vapour and as 
simplifying calculation by adopting 29'7 as a mean barometrical pressure.
The error involved in this assumption is unimportant except at hill- 
stations, where corrections must be applied. In comparing meteorogira! 
observations it is necessary to ascertain and bear in mind the formula 
which has been used.



T h e  A b s o lu te  h u m id ity  o r  to ta l a m o u n t o f  a q u e o u s  v a p o u r  
p re se n t in  th e  a ir  a t a n y  g iv e n  tim e  is  e x p r e s s e d  in  g ra in s  
p e r  c u b ic  fo o t  a n d  m a y  b e  e st im a ted  (1) e x p e r im e n ta lly , 
b y  d r a w in g  a  m e a su re d  a m o u n t o f  tlie  a ir  th r o u g h  a 
d r y in g  tu b e  a n d  a s ce r ta in in g  th e  re s u lt in g  in cre a se  in  
w e ig h t , (2) b y  d e te r m in in g  th e  d e w -p o in t ,  d ir e c t ly  o r  
in d ir e c t ly ,  a n d  th e r e a fte r  c o n s u lt in g  a ta b le  g iv in g  th e  
q u a n tity  o f  m o is tu re  w h ic h  sa tu ra te d  a ir  c o n ta in s  a t 
d iffe re n t  te m p e ra tu re s .

Atmospheric Hum idity in  In d ia .— O n e o f  th e  c h ie f  p e c u ­
lia r it ie s  o f  In d ia n  c lim a te s  as a  w h o le  is  th e ir  v a r ia b il i t y  
w ith  r e s p e c t  to  h u m id ity , a n d  n o t  o n ly  so , b u t  w h e n  th e  
h u m id ity  is at its  m a x im u m  at ce r ta in  p a r ts  o f  th e  c o u n tr y , 
th e  a ir  in  o th e r  p a r ts  is a t  its  d r ie s t . E x a m p le s  o f  th is  w ill 
b e  g iv e n  a fte rw a rd s .

W it h  r e s p e c t  to  th e  D iu rn a l V a r ia t io n  in  h u m id ity , th e  
la t te r *  m a y  a lm o st  b e  sa id  to  v a r y  in v e r s e ly  as th e  t e m p e r ­
a tu re , so  th a t  th e  a ir  is  d a m p e s t  iu  th e  early*" m o r n in g  
b e fo r e  su n rise , b e c o m e s  d r ie r  as th e  te m p e ra tu re  in c re a se s , 
th e  m a x im a  o f  te m p e ra tu re  a n d  d r y n e s s  c o r r e s p o n d in g , 
a n d  fina lly  b e c o m e s  d a m p e r  a g a in  to w a r d s  e v e n in g  as th e  
te m p e ra tu re  fa lls .

T h e  A n n u a l V a r ia t io n s  "iu h u m id ity  a re  v e r y  c u r io u s  a n d  
in te r e s t in g  a n d  u n d o u b t e d ly  p la y  a m o s t  im p o r ta n t  p a r t  in  
r e g a r d  to  o u tb re a k s  o f  d isea se , m o re  e s p e c ia l ly  m a la r ia  
a n d  d y s e n te r y . I t  m u st n o t  b e  fo r g o t t e n  th a t  w h e n  th e  
r e la t iv e  h u m id ity  b e g in s  to  r ise  r a p id ly , o th e r  c o n d it io n s , 
su ch  as m a r k e d  a lte ra t io n  in  th e  le v e l  o f  th e  g r o u n d  w a te r , 
are  g e n e r a lly  b r o u g h t  a b o u t , a n d  a c c o r d in g ly  it  is  e x tr e m e ly  
d ifficu lt  to  m a k e  ou t  w h e th e r  th e  in c re a s e d  h u m id ity  is  a  
tru e  d is e a s e -p r o d u c in g  fa c t o r  o r  m e re ly  a  d a n g e r  s ig u a l as 
it  w e re .

T h e  ra in y  sea son  fr o m  J u n e  to  S e p te m b e r  is  a lso  th e  
d a m p e s t  fo r  n ea r ly  a ll p a r ts  o f  In d ia , th e  p e r c e n ta g e  o f  
h u m id ity  a v e r a g in g  a b o u t  75— 85 ; a t  c e r ta in  s ta t io n s , l ik e

# It is relative humidity only which is here referred to,
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D a r je e l in g  a n d  M e rca ra , it m a y  b e  as h ig h  as 9 5 — 99  o r  
e v e n  sa tu ra tion  f o r  J u ly  a n d  A u g u s t .  A t  a  fe w  sta tion s  in  
th e  n o r th , th e  w in te r  is th e  d a m p e st  sea son , J u ly  b e in g  th e  
d r ie s t  m o n th , as m e n t io n e d  b e lo w .

I h e  d r ie s t  tim e o f  th e  y e a r  v a r ie s  v e r y  m u ch  in  d iffe re n t  
p a r ts  o f  In d ia , e.g., o n  th e  co a s ts  o f  B e n g a l a n d  O rissa , 
N o v e m b e r  o r  D e c e m b e r  a re  th e  d r ie s t  m on th s , iu  th e  
in te r io r  o f  B e n g a l a n d  A ss a m  it  is A p r i l ,  M a y  in  th e  
P u n ja b  an d  U p p e r  S in d , J u n e  a t Q u etta , P e sh a w a r  a n d  
L e h . W h e n  it  is  d r ie s t  ou  th e  e a st c o a s t  o f  C e y lo n  a n d  th e  
C a rn a tic , th e  h u m id ity  on  th e  w e st  c o a s t  and in  th e  n o r th  
is  a t  its  m a x im u m .

T h e  G e o g r a p h ic a l  D is tr ib u t io n  o f  h u m id ity  in  d iffe re n t  
p a r ts  o f  I n d ia  is  s ta te d  b y  B la n d fo r d  to  v a r y  a c c o r d in g  as 
m o is t  o r  d r y  w in d s  a re  m o s t  p r e v a le n t . T h e  p a r t  p la y e d  
b y  w in d s  iu  th u s in flu e n c in g  th e  d e g r e e  o f  h u m id ity  is  m ost 
im p o r ta n t  a n d  w ill be  a fte r w a r d s  r e fe r r e d  to.

M ean A nnual H umidity of the Several Provinces or India #

0l^ ™ -

Seill Va?,evya {'°'Ver S! Hu then,) 59„. y • • " ^  Berar and Khandesh. . 5 3Sikkxm Himalaya . . 84 Koukan and Snrat . 7 2Baluchistan . . .  50 Deccan . A
S.ndf and Cntch . . 50 Hyderabad and Bellamy ! 5 4: : % Sir01 “ “r ;Guzeratf . . . .  47  Mysore .
Central India PJateau . 50 Malabar and Coorg . ' 70
Nerbudda Valley . . 55  Ceylon ‘ a n
N. W . Provinces and Oudh 59 Arakau ’ ‘ ' on
Behar . . . .  65 Pegu . '.
Bengal . . . .  80 Tenasserim . ’ or,
Assam • . . .  80 Bay Islands . ' o,Chutm Nagpur . . .  57 ■ • ol

With reference to tlie foregoing table it must be noted that different 
differed °"e f‘"d fc,he .BHm.e Provi,,ce or even district may shew considerabledifferences owing to local peculiarities. 010
OI HhM8’ 8,fc 'lieMAl!P°/e Observatory near Calcutta the average of February

18 b9’ f'a 10 the more cl°eely-built suburb of Chovvriughee only 6b ; a difference of 5 per cen t. *> 011 v
DEW.

W h e n  o n  a  c le a r  n ig h t  h e a t  is  r a p id ly  r a d ia te d  f r o m  th e  
e a r th ’ s  s u r fa c e  a n d  th e  te m p e ra tu re  fa l ls  b e lo w  th e  s a tu -

* î ter Blan(lford, f Exclusive of the coast,
.
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ra tio n  p o in t  o f  th e  w a te r  v a p o u r  p re s e n t , m o is tu re  is  c o n ­
d e n s e d  u p o n  all e x p o s e d  o b je c t s  in  th e  fo r m  o f  sm a ll d r o p s  
o r , in  som e  ca ses , m in u te  ic e  c r y s ta ls . I n  th e  fo r m e r  ca se  
it  is c a l le d  D e w , in  th e  la tte r  ca se  it  is  c a lle d  H o a r  F r o s t .
I t  w a s  fo r m e r ly  s u p p o s e d  th a t  th e  m o is tu re  fo u n d  in  th e  
m o r n in g  on  o b je c t s  e x p o s e d  to  th e  n ig h t  a ir  w a s  s im p ly  
d e r iv e d  fr o m  th e  w a te r  v a p o u r  in  th e  a ir . I t  is  n o w  
k n o w n , h o w e v e r , th a t  th is  is  n o t  th e  ca se , b u t  th a t a  la r g e  
a m o u n t o f  th e  c o n d e n s e d  m o is tu re  fo u u d  is  d e r iv e d  fr o m  
w a te r  v a p o u r  w h ic h  is  e x h a le d  fr o m  th e  e a r th , b la d e s  o f  
g ra s s , e t c .*

W h a t e v e r  fa v o u r s  th e  p r o c e s s  o f  c o o l in g  b y  ra d ia t io n  
fa v o u r s  a lso  th e  a b u n d a n t  fo r m a t io n  o f  d e w , e.g., a b s e n ce  
o f  c lo u d s  o r  o th e r  fo r m  o f  c o n d e n s e d  w a te r  v a p o u r , a b s e n c e  
o f  trees , b u i ld in g s  o r  a n y  o th e r  o b s tr u c t io n s . M o v e m e n t  
o f  a ir  is  u n fa v o u r a b le  b e c a u s e  it  r e m o v e s  p a r t ia l ly  c o o le d  
p a r t ic le s  b e fo r e  th e y  h a v e  b e e n  su ffic ie n t ly  c h i l le d  to  
d e p o s it . H o o d  c o n d u c to i ’S su ch  as m e ta ll ic  b o d ie s  d o  n o t  
g e n e r a lly  e x h ib it  d e w , b e c a u s e  th e y  r e c e iv e  co n t in u o u s  
h,nd ra p id  su p p lie s  o f  h e a t  fr o m  th e  e a r th . F o l ia g e  a n d  
f ib ro u s  s tru c tu re s  l ik e  c lo t h in g  b e in g  g o o d  r a d ia to rs  a n d  
b a d  c o n d u c to r s  r e c e iv e  th e  m o s t  c o p io u s  d e p o s i t t  ; t o  w h ic h  
a  m o ist  a tm o s p h e re  a n d  a  s t ill  a n d  c lo u d le s s  n ig h t  a re  
m ost c o n d u c iv e .  B u t , as s ta te d  a b o v e , th e  q u e stio n  is  n o t  
s im p ly  o n e  o f  th e  c o n d e n s a t io n  o f  m o is tu re  fr o m  a ir  c o o le d  
b e lo w  its  d e w -p o in t .  T h e  e x a c t  n a tu re  o f  th e  p r o c e s s e s

* It is impossible here to go into the complex question of dew-form- 
ut.ion. The subject lms lately received a large amount of attention from Mr.
Aitken (whose papers will mostly be found in the I'roc. and Trans. R. S.
Ed.) the Lion. R. Russell and others. The latter bus published an inter­
esting pamphlet, Observations on Dew and Frost, Stundford, and his conclu­
sions are given in detail in Nature for 29th December, 1892. The latest 
observations appear to be those of Herr Wollny, rv Nature for 23rd February 
1893, who concludes that ‘ Dew depends partly on evaporation from the ground, partly on transpiration. It is at present doubtful [?] whether 
precipitates from the air share in it or not. A cloudy sky weakens tho 
cooling process without stopping it wholly. * * * The more moisture 
there is in the ground the more water is evaporated from the ground and 
the plants * *

t  According to Herr Wollny, however, the excess of moisture found ou 
'orgauic’ bodies as distinguished from 1 inorganic’, is simply due to their 
greater power of hygroscopic absorption.
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in v o lv e d  in  th e  d e p o s it io n  o f  d e w  is  n o t  y e t  fu l ly  u n d e r ­
s t o o d .*

H o a r  fr o s t  is  s im p ly  d e w  fr o z e n  a fte r  d e p o s it io n . I t  is 
c o m m o n ly  w e ll  seen  d u r in g  th e  c o ld e r  m o n th s  o f  th e  y e a r  
in  ce r ta in  p a r ts  o f  U p p e r  I n d ia  a n d  in  th e  m o re  sh e lte re d  
p o s it io n s  a t h ill  s ta t io n s  s itu a te d  a t an  a lt itu d e  o f  a b o u t  
7 ,0 0 0 — 8 ,0 0 0  fe e t  o r  m o re .

HAZE.
I n  Ind ia ., p a r t ic u la r ly  in  N o r th e rn  In d ia , th e  sk y  is  ra r e ly  

v e r y  c le a r , n o r  th e  b lu e  c o lo u r  v e r y  in te n se  ; su ch  p a llo r  o f  
th e  s k y  b e in g  a p p a r e n t ly  d u e  to  a  h a z e  a r is in g  e ith e r  fr o m  
th in  d iffu s e d  c lo u d -m a tte r  a t a  h ig h  le v e l  o r  e lse  to  th e  d u st  
w h ic h  is  d a i ly  c a r r ie d  u p  b y  th e  c o n v e c t io n  cu rre n ts  in  th e  
h e a te d  a tm o s p h e re . I n  o th e r  w o r d s , it  is  so m e tim e s  a p u re  
d u s t  h a z e , a t  o th e rs  i t  is  m a d e  u p  o f  m o is tu re  c o n d e n s e d  
o n  d u s t  p a r t ic le s . T h is  w ill  b e  a g a in  r e fe r r e d  to  u n d e r  
a tm o s p h e r ic  d u s t , a n d  is o n ly  n o w  a llu d e d  to , in  o r d e r  to  
p o in t  o u t  its  p o s s ib le  c o n n e c t io n  w ith  r e fe r e n c e  to  th e  
fo r m a t io n  o f  m ist, c lo u d , ra in , e tc .

MIST AND FOG.
A s  a m a tter  o f  fa c t  f o g ,  m ist a n d  c lo u d , ra in , s n o w  a n d  

h a il, m a y  a ll b e  lo o k e d  u p o n  as e x a m p le s  o f  th e  sa m e  
p h e n o m e n o n  o c c u r r in g  u n d e r  v a r y in g  c o n d it io n s , th is  
p h e n o m e n o n  in  it s e l f  b e in g  s im p ly  th e  co n d e n s a t io n  o f  w a te r  
v a p o u r  in  th e  a tm o s p h e re  as a  n a tu ra l o c c u r r e n c e . T h e  
m o s t  im p o r ta n t  d is c o v e r y  in  th is  c o n n e c t io n  o f  la te  y e a rs  
w a s  th a t  o f  M r . A i t k e n , f  w h o  s h o w e d  th a t  w a te r  a lm ost 
n e v e r  c o n d e n s e s  e x c e p t  o n  a  s o lid  p a r t ic le . H e  p r o v e d  
th is  b y  s h o w in g  th a t , i f  m o is t  air. b e  k e p t  p e r fe c t ly  fr e e  
fr o m  d u s t , th e  te m p e ra tu re  ca n  b e  lo w e re d  m u ch  b e lo w  the 
d e w -p o in t  w ith o u t  c o n d e n s a t io n  o c c u r r in g ;  b u t  th a t  as soon  
as d u s t  is  a d m it te d  t o  th e  a ir  c o n d e n s a t io n  a t o u c e  ta k e s  
p la c e , e a c h  d u s t  p a r t ic le  f o r m in g  a n u c le u s  u p o n  w h ic h  th e  
m o is tu re  c o n d e n s e s . I n  a ll  ca se s , th e r e fo r e , x>f c o n d e n s a -

* Carefully concluded experiments on this subject, in India, would well repay the trouble taken.
t  v, Nature for 1881— 85—88 and 90 and references given therein.!/■  . ■ ’ ' : - ' M
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tio n  o f  a tm o s p h e r ic  m oistu re , w h e th e r  in  th e  fo r m  o f  m ist, 
f o g ,  ra in  o r  c lo u d , e tc .,  th e  p r e s e n ce  o f  d u s t  p a r t ic le s  is  
e sse n tia l to  th e  c o m m e n ce m e n t  o f  th e  p r o c e s s .

F o g  a n d  M is t  a re  to  a la r g e  e x te n t  in te r c h a n g e a b le  
te rm s a n d  a re  o fte n  a p p lie d  in d is c r im in a te ly  to  th e  sam e 
p h e n o m e n o n .*  I n  b o th  ca ses  th e y  a re  ca u se d  b y  a  su d d e n  
c o o l in g  b e lo w  th e  d e w -p o in t  o f  m asses o f  m o is tu r e -la d e n  
a ir . W h e r e  th e  d u s t  p a r t ic le s  a re  v e r y  n u m erou s  a n d  th e  
te m p e ra tu re  su d d e n ly  lo w e re d , e a c h  p a r t ic le  w ill o n ly  
r e c e iv e  a  r e la t iv e ly  sm all c o a t in g  o f  m o is tu re . A n d  it  
m a y  h a p p e n  th a t  o w in g  to  th e  a b s e n ce  o f  w in d , th e  m in u te  
g*lobules th u s  fo r m e d  rem a in  su s p e n d e d  fo r  a v e r y  lo n g  
tim e  in  th e  a ir . S u c h  fo g s ,  o f  w h ic h  th e  n u c le i a re  m in u te  
p a r t ic le s  o f  c a r b o n  d e r iv e d  fr o m  th e  s m o k e  o f  c o a l  fires , 
a re  u n fo r tu n a te ly  o n ly  too  co m m o n  in  th e  g r e a t  c it ie s  in  
E n g la n d  a n d  e lse w h e re , m o re  p a r t ic u la r ly  L o n d o n , and  
m a y  la s t  c o n t in u o u s ly  f o r  8 o r  9 d a y s . In  c o lo u r  th e y  
v a r y  fr o m  p a le  y e l lo w  u p  to  d a rk  b r o w n ,— ‘ b la c k  f o g  ; so 
c a l le d ,— a n d  m a y  so  o b s t r u c t  th e  su n lig h t  as to  n e ce ss ita te  
th e  c o n t in u e d  u se  o f  a r t if ic ia l i llu m in a u ts  in  th e  h ou ses  a n d  
s tre e ts  f o r  d a y s  to g e th e r .

M is ts  a re  c o m p a r a t iv e ly  u n co m m o n  in  th e  p la in s  o f  Tndia 
sa v e  a lo n g  th e  c o u r s e  o f  la r g e  r iv e r s  o r  o v e r  m a rs h y  la n d  
d u r in g  th e  c o ld  w e a th e r . T h e y  a re  s o o n  d is p e rs e d  b y  th e  
in c re a se  in  te m p e ra tu re  a ft e r  su n rise .

CLOUD.
C lo u d s , w h ich  a re  s im p ly  m ist a t  h ig h  a lt itu d e s , a re  c o n ­

t in u a lly  fo r m in g , d is s o lv in g , a n d  r e - fo r m in g  a c c o r d in g  to  
v a r y in g  te m p e ra tu re s  o f  d if fe r e n t  m a sse s  o f  a ir . T h e

* By Blandford, the meteorological sign (m) is reserved for the haziness of the sky above alluded to, whilst th6 term fog { / )  is used for the visible masses of condensed vapour that are seen over damp places in the evening or early morning. “ Fog differs from mist in not wetting solid objects with which it comes in contact.” Mil), o p . c i t ., p. 114. ‘ A dry fog maythus result from cold causing condensation on a very large number of dust- particles which are radiating heat rather freely, and a dump mist from partial condensation from supersaturated air on a comparatively small number of dust-particles not radiating freely owing to a clonded sky. * *A dry fog is the work of cold radiating particles, a wet mist is the work of cold air mixing with warm.' Russell, o p . c it .
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v a r io u s  sh a p e s  a n d  a p p e a ra n ce s  o f  c lo u d s  h a v e  b e e n  th e  
s u b je c t  o f  o b s e r v a t io n  fr o m  u n k n o w n  a g e s , b y  th o se  to  
w h o m  w e a th e r  c h a n g e s  a re  n a tu ra lly  o f  e x tr e m e  im p o r ta n ce .
“  T o  an  e x p e r ie n c e d  e y e  ”  sa y s  B la n d fo r d  “  th e  fo rm s  a n d  
m o v e m e n ts  o f  th e  c lo u d s  a n d  th e  g e n e ra l a s p e c t  o f  th e  s k y  
a re  e lo q u e n t  o f  im p e n d in g  w e a th e r , b u t  sa v e  sea m en , a n d  
a m o n g  in te ll ig e n t  a n d  o b s e r v a n t  n a tio n s , fa r m e r s  a n d  
h e r d s m e n , th e re  a re  b u t  f e w  w h o  h a v e  le a r n e d  th e ir  
la n g u a g e  a n d  c a n  r ig h t ly  in te r p r e t  it , w h ile  su ch  k n o w ­
le d g e  as th ese  p o ssess  is  f o r  th e  m o st  p a r t  e m p ir ic a l  a n d  
l it t le  c a p a b le  o f  b e in g  h a rm o n is e d  w ith  th e  fa c t s  a n d  
t r a n s la te d  in to  th e  la n g u a g e  o f  p h y s ic a l  s c ie n ce . A m o n g  
m e te o r o lo g ic a l  o b s e r v e r s  o f  th e  o r d in a r y  c la ss , i t  is c e r ta in ly  
r a r e ; it  c a n n o t  b e  le a r n e d  fr o m  b o o k s  a n d  u n lik e  th e  a rt 
o f  m a n a g in g  a n d  r e a d in g  a th e r m o m e te r  o r  b a r o m e te r , 
c a n n o t  b e  im p a r te d  in  a  fe w  e a sy  le sso n s . ”

F o r  a  lo n g  tim e , th e  s im p le  c la s s if ica t io n  p r o p o s e d  b y  
H o w a i 'd  h as b e e n  in u se . A c c o r d in g  to  th is  c la s s if ica t io n  
c lo u d s  a re  d iv id e d  in to  fo u r  p r in c ip a l fo r m s . (1 ) Cirrus.
(2 ) Cumulus. (3) Stratus. (4 ) Nimbus.

C irru s  c lo u d  is  th a t  w h ic h  is  c o m m o n ly  seen  f lo a t in g  fa r  
a b o v e  o th e r  c lo u d s , a n d  w h ic h  is  m a d e  u p  o f  s tre a k s  o r  
fib re s  o f  c lo u d s  p a r a lle l  o r  d iv e r g e n t  o r  fo r m in g  a f le e cy  
b r u s h  o r  n e tw o r k . U n d e r  v a r io u s  c o n d it io n s  th ese  c irr i 
h a v e  th e  a p p e a ra n ce  o f  h o r s e s ’  ta ils , o f  th e  te e th  o f  a  c o m b , 
fin e  w isp s  o f  c o t t o n -w o o l ,  e tc . T h e y  a re  th e  h ig h e s t  c lo u d s  
b e c a u s e  th e  l ig h te s t , a n d  re fle c t  th e  su n ’ s ra y s  a fte r  su n set 
l o n g  a ft e r  lo w e r  s tra ta  o f  c lo u d  a re  d a rk . T h e y  h a v e  b e e n  
k n o w n  to  re ta iu  th e ir  fo r m  u n c h a n g e d  f o r  tw o  d a y s  w h ile  
a  s t r o n g  b r e e z e  w as b lo w in g  lo w e r  d o w n , s h o w in g  th a t  
th e y  are  r a ise d  o u t  o f  th e  r e a ch  o f  o r d in a r y  a tm o s p h e r ic  
d is tu r b a n c e s . T h e y  p r o b a b ly  c o n s is t  o f  f r o z e n  w a te r .

T h e  te rm  C u m u lu s  is a p p lie d  to  th o s e  la r g e , b i l lo w y  
c lo u d  m a sses  w h ic h  so  c o m m o n ly  su rro u n d  th e  h o r iz o n  
d u r in g  fin e  w e a th e r , th e  b a s e  o r  u n d e r  s u r fa c e  b e in g  m o r e  
o r  less  f la tte n e d , th e  u p p e r  s u r fa c e  r o u n d e d . A f t e r  th e  
sun  h as r isen  th e  a tm o s p h e r ic  s tra ta  in c o n t a c t  w ith  th e

I
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e a rth  b e c o m e  h e a te d  ; so  th a t , th e ir  s p e c if ic  g r a v ity  b e in g  
d im in is h e d  a n d  th e ir  c a p a c ity  f o r  v a p o u r  in c re a s e d , th e y  
r ise , c a r r y in g  u p  w ith  th e m  in  s o lu t io n  th e  v a p o u r  w h ic h  
t h e y  h a d  a b s o r b e d  d u r in g  th e  n ig h t  a n d  e a r ly  m o r n in g .
R e a c h in g  c o ld e r  r e g io n s  o f  th e  a ir , th e  v a p o u r  o f  th e  
a s c e n d in g  cu r r e n t  is  c o n d e n s e d  to  c lo u d  w h ic h , d e s c e n d in g  
s lo w ly , m e e ts  th e  a s c e n d in g  c u rre n t  a u d  c o n d e n s e s , p a r t ia lly  
o r  w h o lly , its  m o is tu re . T h u s  a  m ass o f  c lo u d  c o n t in u a lly  
in c r e a s in g  in  s ize  is fo r m e d . W e r e  th e  s u p p ly  o f  v a p o u r  
fo r  c o n d e n s a t io n  e q u a l fr o m  all s id es  th e  cu m u lu s  w o u ld  b e  
s p h e r ica l  in  fo r m  ; b u t , as th e  u n d e r  s u r fa c e  is  in  c o n t a c t  
w ith  a ir  n o t  fu l ly  sa tu ra te d  a u d , th e r e fo r e , n o t  y ie ld iu g  
c o n d e n s e d  v a p o u r , th e  sh a p e  is h e m i-s p h e r ic a l  o r  c o n ic a l  
as  h a s  b e e n  d e s c r ib e d . T h e  cu m u lu s  is  fo r m e d  o n ly  b y  
d a y , th en  o n ly  th e  c o n d it io n s  n e c e s s a ry  fo r  its d e v e lo p m e n t  
b e in g  fu lf il le d . I t  d isa p p e a rs  la te  a t n i g h t ; b e c a u s e  a t 
th a t  t im e  th e  u pper, a tm o s p h e r ic  s tra ta  h a v e  in c r e a s e d  
in  te m p e ra tu re  a n d  v a p o u r -a b s o r b in g  p o w e r , w h ile  th e  
lo w e r  la y e rs  a re  c o o le r  a n d  ce a se  to  s u p p ly  an a s c e n d in g  
v a p o u r -b e a r in g  cu rre n t .

T h e  S tra tu s  is  a  w id e ly -e x t e n d e d , c o n t in u o u s , h o r iz o n ta l  
s h e e t  o f  c lo u d , o f t e n  fo r m in g  a t su n se t, w h e n  th e  a ir  is  
c a l m ; th e  a tm o s p h e r ic  s tra ta  n e a r  th e  e a r th  b e c o m in g  
c o o le d  b e lo w  th e  d e w -p o in t ,  a u d  d e p o s it in g  d e w  o n  th e  
s u r fa c e  a n d  c lo u d  a b o v e . I t  in c re a s e s  b y  g r o w t h  a t its  
u p p e r  s u r fa c e  as th e  h ig h e r  la y e rs  c o o l .  T h e  m ists  o r  f o g -  
b a n k s  w h ic h  r ise  fr o m  v a lle y s , la k e s , e t c . ,  d u r in g  n ig h t  
a n d  e a r ly  m o r n in g , a n d  w h ic h  a re  d is p e r s e d  b y  th e  r is in g  
su n , b e lo n g  to  th is  c la ss  o f  c lo u d .

T h e  N im b u s , o r  c u m u lo -c ir r o -s t r a tu s  as it  is  so m e tim e s  
c a l le d , is  th e  t y p ic a l  ‘ s t o r m -c lo u d ’ a n d  co n s is ts  o f  a  d a r k  
g r e y  o r  b la c k  sh e e t  o f  s tra tu s  c lo u d , a b o v e  w h ic h  th e  c ir r u s *  
is  s p r e a d , w h ile  it  p re s e n ts  a  m a ss  o f  cu m u lu s  la te r a l ly .
F r o m  its  u n d e r  s u r fa c e  ra in  is  u s u a lly  fa l l in g .

I t  is  e v id e n t  t o  a n y  o b s e r v e r  th a t  th e se  f o u r  fo r m s  a re

* Called ‘ false’ cirrus in contradistinction to the true cirrus of great altitude.

' G(V \
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th e  c h ie f  ty p e s  o f  c lo u d  sh a p e s  a n d  th a t  th e re  a re  s e v e ra l 
fa ir ly  c o m m o n  fo r m s  w h ic h  a re  in te r m e d ia te  o r  a  c o m ­
p o u n d  o f  tw o  p r im a r y  fo r m s , e.g., R o ll-C u m u lu s , C ir ro -  

. C u m u lu s , C u m u lo -S tra tu s , C ir ro -S tr a tu s . B u t  it  m u st b e
o b s e r v e d  th a t  s u ch  te rm s  a re  b y  n o  m ea n s e x a c t  a n d  b e a r  
n o  re la t io n  to  th e  a lt itu d e  o f  th e  p a r t ic u la r  c lo u d  a llu d e d  
t o .  I t  a p p e a rs  p r o b a b le ,  m o r e o v e r , th a t  th e  fo r m s  a ssu m e d  ' 
b y  c lo u d  m a sses  a re  la r g e ly  d e p e n d e n t  o n  te m p e r a tu r e  
a n d  a lso  th a t  c e r ta in  fo r m s  a re  m o r e  o r  le ss  c h a r a c ­
t e r is t ic  r e s p e c t iv e ly  o f  d r y  o r  w e t  w e a th e r . A s  a r e s u lt  o f  
m a n y  y e a r s  o b s e r v a t io n  a n d  e x p e r ie n c e  a  s ch e m e  a p p l ic ­
a b le 't o  a ll p a r ts  o f  th e  w o r ld  h as b e e n  p r o p o s e d  b y  M e ssrs . 
A b e r c r o m b y *  a n d  H ild e b r a n d s s o n , w h ic h  w ill  “ p r o b a b ly  
b e  th e  b a s is  o f  th e  fu tu r e  c la ss if ica t io n  o f  c lo u d s , a n d  
w h ic h  r e c o g n is e s  th e  v e r y  im p o r ta n t  d is t in c t io n  b e tw e e n  
s u ch  as a re  c h a r a c te r is t ic  o f  fin e , a n d  s u ch  as b e to k e n  o r  
a c c o m p a n y  r a in y  w e a th e r . ”

T h e  fo l lo w in g  is  th e  p r o p o s e d  c la s s if ic a t io n  :—
0

Messrs. Hildebrandsson and Abercromby’s Proposed Scheme of 
Clodd Classification.

a. Discrete tending to rounded forms (]. Extended and sheet-like forms 
{principally in dry weather). {rainy weather).

A. Highest clouds, mean height 30,000 feet.
1. Fibre cloud [ Cirrus or mare’s 2 . Thin cloud veil [  Cirro-strati**], 

tails].

B. Medium elevation 13,000 to 20,000 feet.
3. Small globular cloudlets, shining

white like silk, 20,000 feet 5. Thicker ash-coloured or blu- 
[Cirro-cumulus, mackerel sky], ish-gray sheet, 17,000 feet

4. Larger globular, like white wool, £Strato-cirrus].
13,000 feet [Cumulo-cirrus'].

O. Lower clouds, 5000 to 7000 feet.
6 . Great rounded masses or rolls of 7. Ragged sheets of gray cloud 

gray cloud [Strato-cumulus']. from which rain commonly
falls [-Nimbus].

* For an interesting account of cloud forms and formation v. Weather, 
by the Hon. R. Abercromby, International Scientific Series, and other 
writings of the same author.

H  • •/ ’ -  . .  •• m



(l(WWj ' (fil
cloud . 323

D. Clouds in ascending air currents.
8. Heap cloud [ C u m u lu s ] , Summits at 6000 feet; bases at 4500 feet.
9. Storm (tliunder) clouds [Cumulo-nimbus]. Summits 10,000 to

16,000 feet ; bases 4500 feet.
E. 10. Elevated fogs. Below 3500 feet [Stratus],

Estim ation of Cloud.— A  p e r fe c t ly  c le a r  s k y  is  r e g a r d e d  
as 0, w h ils t  on e  c o m p le te ly  o v e r c a s t  is  r e g a r d e d  as 1 0 *  T o  
e s t im a te  th e  d e g r e e  o f  c lo u d iu e s s , th e  o b s e r v e r  lo o k s  m id ­
w a y  b e tw e e n  th e  z e n ith  a n d  h o r iz o n  a n d  tu rn s  s lo w ly  
r o u n d , c o m p a r in g  th e  c le a r  p a r ts  o f  th e  s k y  w ith  th e  
c lo u d e d . T h e  u su a l t im e s  f o r  o b s e r v a t io n  a re  th e  sa m e  as 
f o r  te m p e ra tu re  a n d  p re ssu re . T o  o b s e r v e  b o th  th e  sh a p e  
a n d  m o v e m e n ts  o f  c lo u d s  d u e  a l lo w a n c e  m u st b e  m a d e  f o r  
p e r s p e c t iv e . T h e  v e lo c i t y  o f  m o v e m e n t  o f  a  c lo u d  ca n  
so m e tim e s  b e  m e a su re d , u n d e r  fa v o u r a b le  c ir c u m s ta n c e s , 
b y  n o t in g  th e  tim e  ta k e n  b y  its  s h a d o w  to  t ra v e rs e  a  s p a c e  
o f  c o u n tr y , o f  w h ich  th e  d is ta n c e  is  a c c u r a te ly  k n o w n .

I n  a ll th e se  o b s e r v a t io n s  c a r e  a n d  p r a c t ic e  a re  n e c e s s a ry  
i f  u se fu l re su lts  a re  to  b e  o b ta in e d .

C hud in  In d ia .— I t  appears extrem ely probable that the 
elevations g iven  in the foregoin g  table, m ade from  E uro­
pean observation and measurements, w ould ‘have to be 
considerably raised in this cou n try .f Careful observation , 
b y  the unaided eye, o f the clouds as seen from  the n eigh ­
bourhood o f O otacam und,— ■where the v iew  extends from  
the summit o f the western ghats (8,000 feet) to the M ysore 
plateau and the plains o f the Coim batore district,— have 
strengthened the w riter’ s belief in the approxim ate accuracy  
o f the foregoin g  classification, w ith  the above reservation 
as to the relatively  greater elevation in the tropics o f the 
various cloud form s therein given.

A s  to  th e  le sson s  to  b e  le a r n t  f r o m  c lo u d s  it  is  im p o s s i ­
b le  to  w r ite  m u c h  h e re . T h e  h ig h e r  c lo u d s  a c t  as f f lo a ts  ’  
in d ic a t in g  th e  d ir e c t io n  o f  th e  a ir  c u r r e n ts  in  th e  e le v a t e d  
r e g io n  o f  th e  a tm o s p h e re . T h is  s p e e d  m a y  b e  v e r y  g r e a t ,  
a n d  a c c o r d in g  to  o n e  o b s e r v e r  th e  a v e r a g e  ra te  o f  m o v e m e n t

* This may, of course, be expressed as a percentage, 100 being a com. 
pletely overcast sky. + Blandford. 6
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o f  c ir ru s  c lo u d  is  4 0  m iles  a n  l io u r *  o r  a b o u t  th re e  tim es 
a s  fa s t  as th e  su r fa ce  w in d s . T h e  s tu d y  o f  c lo u d  m o v e ­
m en ts  w ill  u lt im a te ly , n o  d o u b t , p r o v e  b o th  in te r e s t in g  a n d  
in s tr u c t iv e , b u t  a t p r e s e n t  n o th in g  is  k n o w n  b e a r in g  
s p e c ia lly  o n  th e  s u b je c t  o f  h y g ie n e t .

I n  I n d ia  d u r in g  c lo u d y  w e a th e r  th e  d a y s  a re  r e la t iv e ly  
c o o l  a n d  th e  n ig h ts  h o t , th e  c lo u d s  a c t in g  as h e a t-cu r ta in s  
p r e v e n t in g  a c ce s s  o f  so la r  h e a t  d u r in g  th e  d a y  t im e  a n d  
c h e c k in g  th e  lo s s  o f  h e a t  b y  ra d ia t io n  fr o m  th e  e a r th ’ s 
s u r fa c e  a t n ig h t . C lo u d y  d a y s  a n d  c le a r  n ig h ts  a re  th e re ­
fo r e  th e  p le a sa n te s t  in  th e  tr o p ic s  a n d  th e  o p p o s ite  c o n d i ­
t io n s  c o r r e s p o n d in g ly  u n p le a sa n t. W h e n  th e  a ir  is  v e r y  
m o is t  a t  n ig h t  a n d  th e  s k y  c o m p le te ly  o v e r ca s t , w ith  
a b s e n ce  o f  ra in , th e  m o s t  t r y in g  w e a th e r  c o n d it io n s  a re  
e x p e r ie n c e d .

J u ly  is  th e  c lo u d ie s t  m o n th  th r o u g h o u t  th e  g r e a te r  
p o r t io n  o f  In d ia , i.e.} a t  th e  h e ig h t  o f  th e  ra in y  sea son , a n d  
A u g u s t  is  a lm o st  as  c lo u d y . T h e  e x c e p t io n s  a re  U p p e r  
S in d , th e  P u n ja b , a n d  B a lu ch is ta n  w h e re  th e  c lo u d ie s t  
m o n th s  a re  F e b r u a r y  a n d  M a rch .J  T h e  sea son  o f  c le a re s t  
sk ie s  o r  g r e a te s t  s e r e n ity  v a r ie s  m o re  th a n  th e  fo r e g o in g  
a c c o r d in g  to  lo c a l i ty ,  b e in g  as e a r ly  as O c to b e r  in  th e  
P u n ja b  a n d  as la te  as F e b r u a r y  a t B e l la r y  a n d  D h a rw a r . 
F u r t h e r  so u th  th a n  th a t  th e  m o n th ly  m ea n  is  n e v e r  v e r y  
lo w . T h e  m ea n  c lo u d  p r o p o r t io n  is  b e lo w  5 th r o u g h o u t  
I n d ia  sa v e  in  A ssa m  a n d  S ik k im , th e  C a rn a tic , C e y lo n , a n d  
t h e  so u th e rn  p a r ts  o f  P e g u  a n d  T e n a ss e r im . I n  d iffe r e n t  
m o n th s  a n d  a t d if fe r e n t  p la c e s  it  m a y  r a n g e  fr o m  0 '5  to  9 '5  

o r  e v e n  10 a t s ta t io n s  l ik e  M e rca ra .

RAIN.

T h e  e x a c t  c o n d it io n s  r e la t in g  to  th e  fo r m a t io n  o f  ra in  
a re  as y e t  im p e r fe c t ly  u n d e r s to o d , b u t  s p e a k in g  g e n e r a l ly ,  
w h e n  a  m ass o f  v a p o u r - la d e n  a ir  is  c o o le d  b e lo w  its  d e w -

* Which is nofc astonishing when one considers “ how small is the 
retarding friction at great heights in the atmosphere. "  Blandford.

f  “  When a cyclone is forming in the bay [of Bengal], cirrus cloud from 
the S. W. is often seen passing over Bengal before there is any other 
distinct indication of its existence. ibid.

J c/, humidity,
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p o in t , th e  a ir  b e in g  a t  t h e  sa m e  t im e  c o m p a r a t iv e ly  f r e e  
f r o m  d u s t  p a r t ic le s ,  a  la r g e  a m o u n t  o f  v a p o u r  w i l l  b e  c o n ­
d e n s e d  a n d  e a c h  d u s t  n u c le u s  w ill  b e c o m e  th e  s ta r t in g  
p o in t  o f  a  r a in  d r o p . R a in  m a y  th u s  fa l l  f r o m  a  c lo u d le s s  
sky> b u t  as a  ru le  i t  c o m e s  f r o m  c lo u d s .  I t  is  s u p p o s e d  
th a t  th e  u p p e r  p a r t  o f  a  c lo u d  is  f r e e r  f r o m  d u s t  th a n  th e  
lo w e r  p a r t ; l ie u c e  r e la t iv e ly  la r g e  d r o p s  a re  fo r m e d  in  th e  
u p p e r  p a r t  w h ic h , as t h e y  fa l l ,  a b s o r b  th e  sm a lle r  o n e s  
b e n e a th , t i l l  u lt im a te ly  th e y  b e c o m e  la r g e  ra in  d r o p s  th a t  
f a l l  t o w a r d s  th e  e a r t h ’ s s u r fa c e  a t  a  r a te  w h ic h  in c re a s e s  
w ith  t h e ir  in c r e a s in g  s ize .

U p o n  th e  a lt itu d e  o f  th e  r a in - fo r m in g  c lo u d  a n d  u p o n  
th e  t e m p e r a t u r e  a n d  d e g r e e  o f  s a tu r a t io n  o f  th e  a tm o s -  
p h e i i c  s t ia t a  n e a r  th e  e a r th  s s u r fa c e  d e p e n d s  th e  q u e s t io n  
o f  th e  o r ig in a l ly  c o n d e n s e d  m o is tu r e  u lt im a te ly  f a l l in g  as 
ra in  u p o n  th e  e a r th . I f  th e  c lo u d  is  f lo a t in g  v e r y  h ig h  a n d  
b e tw e e n  it  a n d  th e  e a r th  is  a  m a ss  o f  w a r m  a n d  r e la t iv e ly  
d r y  a ir , th e  c o u d e n s e d  m o is tu r e  w i l l  t e n d  t o  e v a p o r a te  a n d  
m a y  b e  c a r r ie d  u p w a r d s  a g a in  t o  b e c o m e  o n c e  m o r e  
c o n d e n s e d  : i f ,  o n  t h e  o t h e r  h a n d , th e  c lo u d  h a s  f o r m e d  a t  
a  lo w  le v e l  a n d  th e r e  is  c o m p a r a t iv e ly  c o o l  a n d  m o is t  a ir  
b e t w e e n  i t  a n d  th e  e a r th , in s te a d  o f  d is a jo p e a r in g  in to  
v a p o u r ,  th e  d r o p s  w ill  b e c o m e  la r g e r  a n d  w ill  u lt im a te ly  
r e a c h  th e  e a r th  a s  a  h e a v y  s h o w e r  o f  ra in .

T h e  c o n d it io n s  f o r  a n  a b u n d a n t  fa l l  o f  ra in  a r e  m o s t  
p e r f e c t ly  fu l f i l le d  w h e n  a  w a r m , v a p o u r - la d e n  s e a  b r e e z e  
b lo w s  a g a in s t  a  l o f t y  r a n g e  o f  h i l ls  a n d  is  f o r c e d  to  r ise .
O w in g  to  th e  d y n a m ic a l  c o o l in g  o f  th e  a ir  w h ic h  th u s  
r e s u lts *  a  g r e a t  a n d  r a p id  c o n d e n s a t io n  o f  v a p o u r  ta k e s  
p la c e  a u d  s h e e ts  o f  c lo u d  a re  f o r m e d  f r o m  w h ic h  a n  
e n o r m o u s  q u a n t ity  o f  r a in  fa l ls .  T h e  s t e e p e r  th e  s lo p e  
th e  g r e a t e r  th e  p r e c ip i t a t io n .  A s  th e  w in d  c o n t in u e s  its  
jo u r n e y  o v e r  th e  m o u n ta in  t o p s  a n d  d e s c e n d s  o n  th e  o th e r  
s id e  th e  a ir  b e g in s  to  g r o w  w a r m e r t  a n d  a n y  m o is tu r e  it

« a n ( i ’ P; ,28J ' , Tho C0°li.r,K is 110fc to fll>y large extent due to tlio 
chilling effect ot the mountain mass as is so often asserted 
t  v ,  i b i d ,
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c o n ta in s  is  e v a p o r a te d , so  th a t  t lie  c lo u d s  d is a p p e a r  a n d  
th e  w in d  sw e e p s  o v e r  th e  lo w  c o u n tr y  w ith  a  r e la t iv e ly  lo w  
h u m id ity  a n d  b e c o m e s  a  d r y in g  w in d , c a u s in g  in c re a s e d  
e v a p o r a t io n  o f  m o is tu re  fr o m  w a te r  a n d  la n d  sui’fa c e s  a n d  
fr o m  o b je c t s  in  g e n e r a l  su ch  as c lo th in g , v e g e ta t io n , b u i ld ­
in g s , e tc .

C h e rra  P u n ji in  th e  K h a s i  h ills , l o n g  r e n o w n e d  as h a v in g  
th e  h ig h e s t  r e c o r d e d  ra in fa ll  in  th e  w o r ld , is  a  re m a rk a b le  
illu s tr a t io n  o f  th e  c o m b in a t io n  o f  th ese  fa v o u r in g  c o n d i ­
t io n s . “  T h e  K h a s i  h ills  r is e  a b r u p t ly  fr o m  th e  Jld ls  o f  
S y lh e t , w h ic h  b e in g  b u t  a  f e w  fe e t  a b o v e  se a  le v e l , a n d  
r e c e iv in g  th e  c o p io u s  d r a in a g e  o f  th e  h ills  th a t  su rro u n d  
C a ch a r  a n d  S y lh e t , p r e s e n t , d u r in g  th e  r a in y  sea son , a 
b r o a d  s h e e t  o f  w a te r , f r o m  w h ic h  e m e r g e  a  f e w  v illa g e s  
b u ilt  o n  m o u n d s  a n d  th e  lo w  r id g e s  lo c a l ly  te r m e d  tilas.
O v e r  th is  lo w  in u n d a te d  t r a c t  sw e e p s  th e  s o u th -w e s t  
m o n s o o n  fr o m  th e  B a y  o f  B e n g a l ;  a n d , m e e t in g  th e  K h a s  
h ills , is a b r u p t ly  d r iv e n  u p  to  a  h e ig h t  o f  4 ,0 0 0  fe e t ,  
b e fo r e  it  re su m e s  its  c o u r s e  to w a r d s  U p p e r  A s s a m  a n d  
th e  E a s te r n  H im a la y a . *  *  *  C h e rra  P u D ji is  su r ­
r o u n d e d , o r  n e a r ly  so , b y  v e r t ic a l ly  a s c e n d in g  c u r r e n ts  o f  
s a tu ra te d  a i r ; th e  d y n a m ic  c o o l in g  o f  w h ic h  is  th e  ca u se  
o f  th e  e n o rm o u s  p r e c ip ita t io n  w h ic h  h a s  m a d e  th is  p la c e  
fa m o u s . ” *

Effect of R a in fa ll upon Health.— T h e  a m o u n t o f  th e  r a in ­
fa l l  a t a n y  p la c e , w h ic h  it s e l f  d e p e n d s  c h ie fly  on  th e  lo c a l  
p h y s ic a l  c o n d it io n s  a n d  u p o n  te m p e ra tu re  a n d  w in d s , has 
a  v e r y  im p o r ta n t  in flu e n c e  u p o n  h e a lth , th is  in flu e n c e  b e in g  
(1 ) g e n e r a l  a n d  (2 ) in d iv id u a l.

I n  a  c o u n t r y  l ik e  I n d ia  th e  in flu e n c e  o f  r a in fa ll  u p o n  
th e  G e n e ra l H e a lth  a n d  w e ll  b e in g  o f  th e  c o m m u n ity  is  v e r y  
m a r k e d  a n d  o f  e x tr e m e  im p o r ta n c e . T h e  fa i lu r e  o f  th e  
c r o p s  a u d  c o n s e q u e n t  fa m in e  r e s u lt in g  f r o m  a  d e f ic ie n t  
r a in fa ll  is  t o o  w e ll  k n o w n  to  n e e d  a n y  fu r t h e r  e x p la n a t io n .
O n  th e  o th e r  h a n d , an  e x c e s s iv e  fa l l  o f  r a in  o c c u r -

* Blaudford.
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r in g  s u d d e n ly , m a y  ca u se  g r e a t  d a m a g e  a n d  w id e s p r e a d  
d is t r e s s ; o r  a g a in , a  la r g e  a n n u a l fa l l ,  c o u p le d  w ith  
p e c u lia r  lo c a l  c o n d it io n s , m a y  b r in g  a b o u t  a w a t e r - lo g g e d  
c o n d it io n  o f  th e  g r o u n d , f r o m  w h ic h  m a y  re s u lt  a  la r g e  
a n d  se r io u s  in c re a s e  in  m a la r ia l a n d  o th e r  d ise a se s . Y e t  
a g a in , e x c e p t  in  th e  la r g e s t  to w n s , a  d e f ic ie n t  ra in fa ll  f o r  
o n e  o r  tw o  se a so n s  n o t  o n ly  le a d s  t o  fa m in e  fr o m  a  s c a r c ity  
o f  f o o d  g r a in s , b u t  a lso  in c re a se s  th e  p r e v a le n c e  o f  s p e c ia l  
d ise a se s  f r o m  th e  d r in k in g  o f  f i lth y  a n d  p o l lu te d  w a te r , 
a n d  m a n y  o th e r  le ss  n o t ic e a b le  e v ils .

T h e  in flu e n c e  o f  ra in  u p o n  th e  H e a lth  o f  In d iv id u a ls  is  
m o re  te m p o r a r y  a n d  co n s is ts  c h ie fly  in  th e  d a n g e r  o f  c h i l l  
to  th o se  w h o  a re  e x p o s e d  to  a  w e t t in g  w h e n  c la d  in  m is e r ­
a b le  c o t t o n  c lo th s  a n d  w h o  h a v e  n e ith e r  k n o w le d g e  n o r  
m e a n s  to  a v e r t  th e  e f fe c ts  o f  s u ch  c h i l l in g .  A t  a n y  la r g e  
h o sp ita l s u ch  in flu e n ce  is  ea s ily  r e c o g n is a b le , a n d  as s u re ly  
as h e a v y  ra in  h a s  fa lle n , w ith  its  u su a l a c c o m p a n im e n t  o f  
a  c o ld  w in d , so  s u re ly  d o e s  th e  n u m b e r  o f  ca se s  o f  p le u r is y , 
p n e u m o n ia , rh e u m a tism , d y s e n te r y , b r o n c h it is ,  e t c . ,  s u d ­
d e n ly  u n d e r g o  a  d is t in c t  in c re a s e . T h e  r e la t io n s h ip  b e ­
tw e e n  ra in fa ll a n d  c h o le r a  is  o fte n  v e r y  m a rk e d . I f  c h o le ra  
is  p r e v a le n t , s l ig h t  sh o w e rs  o f  ra in  g e n e r a lly  in c re a s e  th e  
a m o u n t o f  th e  d ise a se , w h ils t  h e a v y  ra in  w ill a lm o st  
c e r ta in ly  p u t  an  e n d  to  th e  o u tb r e a k , p r o b a b ly  o w in g  to  
th e  th o r o u g h  c le a n s in g  o f  th e  g r o u n d  s u r fa c e  a n d  su b s o il .
T h e  se a so n a l p r e v a le n c e  o f  c e r ta in  d ise a s e s  in  I n d ia  a u d  
th e ir  c o r r e la t io n  w ith  o th e r  fa c t o r s ,  s u ch  as in s u ffic ie n t  o r  
u n s u ita b le  c lo t h in g ,  f o o d ,  h a b ita t io n , e t c . ,  is  a  s u b je c t  
w e ll  w o r th y  o f  fa r  m o re  s y s te m a t ic  s tu d y  th a n  h a s  y e t  
b e e n  g iv e n  t o  it .

*

Estim ation  o f R a in fa ll.— T h e  to ta l a m o u n t  o f  ra in  fa l l in g  
a t a n y  o n e  t im e  in  a  p la c e  is  e s t im a te d  b y  m e a n s  o f  a  R a in  
G a u g e . O f  th e se  in s tru m e n ts  th e re  a re  v a r io u s  fo r m s , th e  
s im p le s t  b e in g  th a t  o f  a  b o t t le  in to  w h ic h  is  in s e r te d  a  
m e ta l fu n n e l. F o r  m e te o r o lo g ic a l  p u r p o s e s , h o w e v e r , 
g r e a te r  a c c u r a c y  is  r e q u ir e d  a n d  an  in s tr u m e n t  c o n s t r u c t e d  
as fo l lo w s  is  u s e d . (v , i l lu s tr a t io n ) . I t  c o n s is ts  o f  a n  o u te r

X # 6 ■ g°5 x
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c y l in d e r  o f  su ch  a  h e ig h t  th a t  its  m o u th  is e x a c t ly  on e  
f o o t  a b o v e  g r o u n d  le v e l  w h ils t  th e  b a s e  is  s l ig h t ly  b u r ie d  
in  th e  g r o u n d  to  f ix  it  a n d  p r e v e n t  its  b e in g  b lo w n  o v e r  o r  
u p se t . In s id e  th is  c y lin d e r  is  a  m e ta l fu n n e l  w h ic h  fits  
a c c u r a te ly , a n d  u n d e rn e a th  th e  fu n n e l is  p la c e d  a  r e c e iv e r , 
g e n e r a lly  a  g la s s  v e s s e l*  w ith  a  lip  to  fa c i l i ta te  p o u r in g , 
a n d  in to  w h ic h  th e  tu b e  o f  th e  fu n n e l p a sses . I n  a d d it io n , 
th e re  is  a  g r a d u a te d  g la s s  v esse l in to  w h ic h  th e  w a te r  is 
c a r e fu l ly  p o u r e d  fr o m  th e  r e c e iv e r  w h e n  a m e a su re m e n t is 
to  b e  m a d e . “  T h e  m e a s u r in g  ja r  is d iv id e d  p ro p o r t io n a te ly  
to  th e  a re a  o f  th e  g a u g e , th e  d ia m e te r  o f  w h ich  s h o u ld  
a lw a y s  b e  a n  e x a c t  d im e n s io n , 5 -0 0  in c h e s  o r  8 '0 0  in ch e s , as 
it  is  th en  e a sy , i f  th e  o r ig in a l m e a s u r in g  ja r  is  b r o k e n , to  
o b ta in  a  n e w  on e  p r e c is e ly  a d a p te d  to  th e  fu n n e l . I t  is  th u s 
g r a d u a te d . T a k e  a  5 -in ch  g u a g e ; i f  th e  d ia m e te r  b e  
5 in c h e s  th e  a re a  is  1 9 '6 4  in ch e s , th e r e fo r e  a ra in fa ll  o f  an  
in c h , i.e., 1 in c h  d e e p  o v e r  th e  w h o le  o f  a  c e r ta in  p la c e  o r  
d is tr ic t , w o u ld  in  th is  ra in  g a u g e  d e p o s it  1 9 '6 4  c u b ic  
in c h e s , o r  4 9 5 8  g ra in s  o f  w a te r . I t  is  fo u n d  in  p r a c t ic e  
m o s t  c o n v e n ie n t  to  m a k e  th e  ja r  h o ld  ^ an  in ch . T h e r e ­
fo r e  247 9  g r a in s  a re  p o u r e d  in  a n d  th e  ja r  is m a r k e d  w ith  a  
lin e  r e p r e s e n t in g  0 ’ 50  o r  4 i n c h ; s u b -d iv is io n s  a re  s im ila r ly  
m a r k e d  a n d  so  f in a lly  th e  ja r  h a s  f i f t y  d iv is io n s , on e  
f o r  e a ch  0  01 in c h  a n d  is  f ig u r e d  a t -10 , -20 , -30 , -40, 
a n d  ‘5 0 . " t

F lo a t  g a u g e s  w e r e  fo r m e r ly  in  c o m m o n  use b u t  a re  n o w  
a lm o s t  e n t ir e ly  a b a n d o n e d  o n  a c c o u n t  o f  th e ir  r a d ic a l  
d e fe c t s  in  w o r k in g . A g o o d  m a n y  g a u g e s  o f  th e  o ld  M a d ra s  
p a t te rn  a re  still in  u se . In  th e se  th e  d ia m e te r  is  a b o u t  4 -7  
in c h e s  so  th a t  1 in c h  o f  ra in  is  eq u a l to  10 o u n ce s  o f  w a te r  
a n d  c a n  b e  m e a su re d  w ith  an  o r d in a r y  o u n c e  g la s s . T h e  
g a u g e  in  o r d in a r y  u se  th r o u g h o u t  In d ia  a t th e  p r e s e n t  t im e  
h a s  a d ia m e te r  o f  5 iu c h e s . I t  sh o u ld  b o  p la c e d  on  le v e l  
g r o u n d , a t  le a s t  as m a n y  fe e t  f r o m  tre e s , b u i ld in g s , e t c . ,

* Or metal can with a lip. i ho graduated measuring jar must never ho 
used in place of the receiver.

1" Cr. J. Symons, F. K. S. Each one-hundredth of an inch is generally 
called a cent., so that a fall of 0'5 inches would be 50 cents.
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as th ese  are  h ig h , O ld  g a u g e s  s h o u ld  n o t  be  a b a n d o n e d  
u n til a t  le a s t  tw o  y e a rs  a f t e r  th e  n e w  o n e s  iu te n d e d  to 
r e p la c e  th e m  h a v e  b een  e s t a b lis h e d ; in  o r d e r  th a t  th e  tw o  
sets  o f  r e su lts  m a y  b e  s a t is fa c to r i ly  c o m p a r e d . W h e n  
v e ry  h e a v y  ra in  fa lls  it  s h o u ld  b e  m e a su re d  as s o o n  as th e  
fa ll  h as c e a s e d . I n  th e  ca se  o f  s n o w  Th t h  o f  th e  a v e r a g e  
d e p th  is  c o u n te d  as ra in  *  H a il  is  a l lo w e d  to  m e lt  in  th e  
c y lin d e r  a n d  th e  r e s u lt in g  w a te r  m e a su re d  as ra in . T h e  
w a te r  c o n d e n s in g  fr o m  d e w  a n d  f o g  is  m e a su re d , w h e n  
m e a su ra b le , as ra iu ,i"  t h o u g h  its  im m e d ia te  s o u r c e  is  
r e a lly  v e ry  d iffe r e n t  a c c o r d in g  to  r e c e n t  re se a rch e s .^

R a in fa ll in  In d ia .— B y  m e a n s  o f ' t h e  r a in -g a u g e  th e  
R a in fa ll  o f  a n y  p la c e  ca n  b e  a c c u r a te ly  m e a su re d . F r o m  
th e  re tu rn s  th u s  m a d e  a v a ila b le , a k n o w le d g e  o f  th e  r a in ­
fa ll  t h r o u g h o u t  th e  In d ia u  E m p ir e  h a s  b e e n  o b ta in e d .

T h e  to ta l a m o u n t o f  ra in  th a t a n n u a lly  fa l ls  in  I n d ia  is  
v e r y  u n e v e n ly  d is tr ib u te d , p a r t ic u la r ly  in  N o r th e rn  I n d ia ,§ 
w h e re  it  r a n g e s  fr o m  C lie rra  P u n ji  in  th e  K h a s i  h ills  on  
th e  e a st w ith  an  a v e r a g e  a n n u a l fa ll  o f  5 0 0 — GOO in ch e s  to  
J a c o b a b a d  in  th e  w est w ith  an  a n n u a l a v e r a g e  o f  4 ’50  
in ch e s . I n  S o u th e rn  I n d ia  th e  r e la t iv e  p o s it io n s  a re , 
r o u g h ly  s p e a k in g , r e v e r s e d  so  th a t  th e  w est c o a s t  r e c e iv e s  
a  fa r  la r g e r  q u a n tity  o f  ra in  th a n  th e  e a s t  c o a s t . A  g la n c e  
a t th e  a c c o m p a n y in g  p la te  w ill  sh o w  th is  p o in t  c le a r ly . 
A .u o th er  fa c t  o f  im m e n se  e c o n o m ic  im p o r ta n c e  is th a t  it  is  
ju s t  a t th o s e  p la c e s  in  w h ic h  th e  r a in fa ll  is  r e la t iv e ly  
s c a n ty  th a t  it  is  a lso  p r e c a r io u s , w h ils t  in  th e  ra in ie s t  p a r ts  
th e  fa ll  is  m o s t  r e g u la r . T o  th is  ru le , h o w e v e r , th e re  a re

* This is a rough method and noli to be recommended except in cases of 
necessity. Another way is to melt the snow in the gauge by adding a 
measured quantity of warm water and subtracting this latter from the 
total quantity ; the residue being entered as rain. It is best to try both
phuis. ^Symons.) .

•f- K.cj. The total quantity of dew collected in England by Lolonel 
Badgley in one year, by means of 1 grass p l a t e s wa s  T6147 inches, the 
amount being measured with great accuracy, v. Nature, Vol. XLI11., 
p. 311. Of the whole annual precipitation at Munich dew gave 3'23 per 
cent. (Wollny).

I Cf ^also what has been said before regarding humidity and cloudiness.
4 2 a



e x c e p t io n s , e.g , a t p a rts  o f  th e  C en tra l P r o v in c e s  sou th  
o f  th e  S a tp u ra  r a n g e , w ith  an  a v e ra g e  ra in fa ll  n o t e x c e e d ­
in g  50 in ch e s , d r o u g h t  is  a lm ost u n k n ow n , w h ils t  th e  N o r th -  
W e s t  P r o v in c e s , w ith  an  a v e r a g e  o f  86  in ch es , h a v e  b e e n  
v is ite d  n o t  less  than  se v e n  t im es  d u r in g  th e  p re se n t c e n ­
tu ry  w ith  d isa s tro u s  d r o u g h ts .

A n o th e r  p o in t  o f  g r e a t  im p o r ta n c e  to  sa n ita ry  e n g in e e rs  
a n d  o th e rs , to  w h ic h  a tte n t io n  has p r e v io u s ly  b e e n  d r a w n ,*  
is  th e  e x tr a o r d in a r y  d iffe r e n c e  th e re  m a y  b e  in  th e  a m ou n t 
o f  ra in  r e c e iv e d  b y  tw o  p la c e s  s itu a te d  c o m p a r a t iv e ly  n ea r  
to  on e  a n o th e r . T h is  is e s p e c ia l ly  w e ll seen  in  p la ce s  
w h ic h ,  th o u g h  n o t  d is ta n t  fr o m  e a ch  o th e r , v a ry  in  th e ir  
g e o g r a p h ic a l  r e la t io n  to  n e ig h b o u r in g  h ills . A n  e x a m p le  
o f  su ch  a  d i f fe r e n c e , g iv e n  b y  B la u d fo r d , is th e  ca se  o f  
B a u ra  F o r t  a n d  G .okak . T h e  fo r m e r , s itu a te d  on  th e  c re s t  
o f  th e  W e s t e r n  G h ats, h as an a v e r a g e  fa ll  o f  251 in ch e s , th e  
la tte r , a t  a lo w e r  le v e l  a n d  s ix ty - f iv e  m ile s  to  th e  ea st, h as 
an a v e r a g e  o f  22 in ch e s . E n o rm o u s  fa lls  o f  ra in  s o m e ­
t im e s  ta k e  p la c e  in  a fe w  h o u rs , a m o u n tin g  to  2 0 — 4 0  in ch e s  
in  t w e n ty - fo u r  h ou rs , a n d , c u r io u s ly  e n o u g h , th ese  d e lu g e s  
m a y  o c c u r  in p la ce s  w h ere  th e  o n e  fa ll  o f  ra in  is m o re  than  
th re e  tim es th e  average total f o r  th e  y e a r  !

T h e  A v e r a g e  A n n u a l R a in fa ll  o f  th e  w h o le  o f  In d ia , 
e x c lu s iv e  o f  th e  m ou n ta in  b a r r ie r  ( in c lu d in g  A ssa m  a n d  
C a c lia r ) a n d  B u rm a h , h a s  b e e n  c o m p u te d  a t 42  in ch e s , hut 
th is  e n o rm o u s  a m o u n t  is  v e r y  u n e v e n ly  d is t r ib u te d , as th e  
ta b le  fr o m  B la u d fo r d ,  g iv e n  on  th e  n e x t  p a g e , w ill  sh ow .

T h e  o r d in a r y  S e a s o n a l D is tr ib u t io n  o f  th e  r a in fa ll  in  
I n d ia  m a y  he r o u g h ly  d e s c r ib e d  in  a  fe w  lin es . I n  th e  
s p r in g  th e re  a re  s l ig h t  s h o w e rs  at c o m p a r a t iv e ly  fr e q u e n t  
in te rv a ls  in  A s s a m , C a c lia r  a n d  L o w e r  B e n g a l, a n d  in  
S o u th e rn  I n d ia  a lso  th re e  o r  fo u r  in ch e s  g e n e r a lly  fa l l  
d u r in g  th e  m o n th s  o f  A p r i l  a n d  M a y — th e s o -c a l le d  ‘  m a n g o  
sh o w e rs . ’ W it h  th e  a d v e n t  o f  th e  s o u th -w e s t  m o n so o n  th e  
r e g u la r  ra in fa ll  b e g in s  and co n t in u e s  fr o m  J u n e  to O c to b e r .

* v. pp. 48-9.
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To face p. 330.
P L A T E  X I X .

R A IN F A L L , Etc. [After Blandford.]
Figure 1. To illustrate Diurnal Variation (Fluctuation) of the Temperature 

in India. Average Diurnal Curves, A. for March, B. for 
July, in Calcutta (v. p. 301).

Figure 2. To illustrate Diurnal Variation (Fluctuation) of the Atmos­
pheric Pressure in India. Average Diurnal Curve for April, 
in Calcutta (v. p. 358).

Figure 3. Diagram of the Average Annual Rainfall of India.
Figure 4 Diagram of Cyclone and Anti cyclone. “ Let the right hand 

circle be supposed to represent a region where the baroinetev 
is highest, and the left hand circle that where it is lowest, 
the intermediate lines indicating a number of isobars of inter­
mediate gradations of pressure. Then the winds that blow 
outwards from the region of high barometer, if in the northorn 
hemisphere, instead of blowing directly outwards like the 
spokes of a wheel, all take an increasingly oblique course to 
the right of the radial direction, as shown by the arrows, and 
those that blow in towards the region of low barometer all 
blow obliquely to the right of that course which leads directly 
to the centre. The result is that the former describe a series 
of spirals curviug round the seat of high barometer in the 
same direction as the movement of the clock hands ; the 
latter, a series of spirals circulating round the seat of low 
barometer against the direction of the clock. The latter 
represents the movements of the winds in a cycloue”  [in the 
northern hemisphere]. “ When, as in the case of the mon­
soons”  [v. pi. xx.], “  neither the seat of highest barometer 
nor that of lowest barometer is a circle or any other regular 
figure, the course of the winds is not in such regular spirals ”  
as those shown in figures 4 and 5.

Figure 5. Diagram showing the Spiral Course of the Winds in a Cyclone,
(a) in the Northern Hemisphere, e.g., in the North of the 
Bay of Bengal, (b) in the same latitude in the Southern 
Hemisphere.
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A verage  A nnual Rainfall  of the  P rovinces of I ndia and B urmaii.

I • I © ,-jCM bl) *3 _  .  -.j- >i . . -  m ? «2 Local v an-Area m t, ~ £ - ... C1 o o ? - h ation.Rainfall Provinces. Square j3 53 ► *
Miles. S _g ^

(T t» ---------  - —  --------------
^ Inches Inches.

Punjab Plains . . . 120,000 29 22 0 to 36
N. YV. Provinces and Oudh . . 83.500 45 36 25 ,, 50
ltajputuiiu (Eastern only) . . 67,000 19 28 14 ,, 63+
Central India States* . . 91,000 21 42 32 „ 55

' Behar . . . .  30,000 14 43 39 „ 4S
Western Bengal, Chnfcia Nagpur, etc. 1 38,000 10 49 43 ,, 61
Lower Bengal . . . 51,000 29 66 54 ,, 112
Assam and Cachar . . . 61,000 17 94 69 ,, 475+
Orissa and Northern Circars. . 27,000 ' 16 47 31 ,, 70
Central Provinces, South . . 61,000 19 51 43 ,, 79+
lierar and Khandesh. . . 43,000 11 35 21 ,, 69+
Guzerat . . . .  54,500 ; 14 33 18 ,, 4t
Sind and Catch . . . 68,000 10 9 4 „ 19
North Deccan . . . 48,000 14 29 18 „  49
Konkan and Ghais . . . 16,000 13 111 74 ,, 261+
Malabar and Ghats . . .1 18,000 8 1 14 74 ,, 132
Hyderabad . . . .  74,000 19 32 23 „  43
Mysore and Bellnry . . . 58,000 17 29 18 ,, 36
Carnatic . . \ 72,000 40 36 20 ,, 62+
Arakan . . . .  11,000 6 156 105 „ 214
Pegu . . . . .  32,500 7 73 46 ,, 123
Teunsseriin . . . .  10,500 4 j 171 142 ,, 196
_____________________________________________________I____________________

T h is  is th e  f ra in y  sea son  5 fo r  th e  w h o le  o f  I n d ia  sa v e  th e  
s o u th -e a s t  w h ich  o n ly  recei\res o c c a s io n a l  sh o w e rs . L a te r , 
w h e n  “  n o r th -e a s t  w in d s  a re  b e g in n in g  to  b lo w  in  th e  
n o r th -w e s t  o f  th e  B a y , a n d  b o th  th e  in c ip ie n t  n o r th -e a s t  
m on soon  a n d  th e  r e s id u e  o f  the s o u th e r ly  c u r r e n t  a re  d ra w n  
to w a rd s  th e  C a rn a tic  a n d  th e  so u th e rn  h a lf  o f  th e  B a y , ”  
th e  h e a v y  ra in  b e g in s  to  fa ll in  th ese  la t te r  p la c e s  a n d  
c o n t in u e s  to  d o  so  as lo n g  as th e  s o -c a l le d  n o r th -e a s t  m on - 
soou  lasts . T h e r e  is  th u s  u o  tim e  o f  th e  y e a r  w h e n  ra in  
d o e s  n o t  fa ll  in  som e  p a rt  o f  In d ia .

T h e r e  a re  m a n y  o th e r  p o in ts  o f  e x tr e m e  in te r e s t  in  
c o n n e c t io n  w ith  th e  ra in fa ll  o f  In d ia , f o r  d e ta ils  o f  w h ic h

* Including Jhansi, Saugor find Dnmoh, and the Nerbudda valley.
+ In these cases one or more hill stations have a mu oh higher rainfall 

than any at. the lower levels.

■ Gcv \
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s p e c ia l  w o r k s  m u st b e  c o n s u lt e d .*  A tte n t io n  m ust b e  
d ir e c te d , h o w e v e r , to th e  p e c u lia r  c h a r a c te r  o f  tro p ica l ra in ­
fa ll as i l lu s tr a te d  in  In d ia , viz., it s  ‘ h e a v in e s s , ’ w h e r e b y  
th e  a v e r a g e  fa l l  o f  e a ch  ra in y  d a y  a t som e  sta tion s  is  
b e tw e e n  0 '6  a n d  O '7 o f  an in c h  as c o m p a r e d  w ith  a b o u t  
0 '1  in  c lim a te s  l ik e  G re a t  B r ita in . “  In  c o n s e q u e n c e ,”  
sa y s  B la n d fo r d , “ o f  th is  c h a r a c te r  o f  I n d ia n , in  co m m o n  
w ith  t r o p ic a l  ra in fa ll  g e n e r a lly , it  is  le s s  p e n e tr a t in g  in  
p r o p o r t io n  to  its q u a n t ity  th a n  in  c o u n tr ie s  w h e re  m u c h  o f  
it  fa lls  iu a  s ta te  o f  fin e  d iv is io n , a l lo w in g  tim e  fo r  its  
a b s o rp t io n  b y  th e  g r o u n d . In s te a d  o f  f e e d in g  p e re n n ia l 
s p r in g s , a n d  -n o u r is h in g  an  a b s o rb e n t  cu sh io n  o f  g r e e n  
h e r b a g e , th e  g r e a te r  p a r t  flow s  o ff  th e  s u r fa c e  a n d  f ills  th e  
d ry  b e d s  o f  d ra in s  a n d  w a te r co u rs e s  w ith  te m p o r a r y  to r ­
re n ts . In  u n c u lt iv a te d  tra c ts , w h e re  ju n g le  fire s  h a v e  
d e s t r o y e d  th e  w ith e re d  g r a s s  a n d  b u sh y  u n d e r g r o w th , a n d  
h a v e  la id  b a r e  th e  so il and  h a r d e n e d  its  s u r fa c e , th is  
a c t io n  is g r e a t ly  e n h a n c e d  ; a n d  w h ile  a l l .p e r e n n ia l  w a te r  
su p p lie s  w h ic h  d e p e n d  o n  th e  a b s o r b e d  ra in  a re  e ith e r  
g r e a t ly  r e d u c e d  o r  a lto g e th e r  su p p re ss e d , a ra in fa ll  w h ich , 
i f  h u s b a n d e d  b y  n a tu re  a n d  a rt , w o u ld  su ffice  f o r  th e  
a g r ic u ltu r a l  a n d  d o m e s t ic  r e q u ir e m e n ts  o f  th e  p o p u la t io n , 
is  th ro w n  in to  th e  n u lla h s  a n d  r iv e rs , a n d  n o t  o n ly  is  
w a ste d  a n d  lo s t  f o r  any  u se fu l p u r p o s e , b u t  b y  p r o d u c in g  
flo o d s , b e c o m e s  an a g e n t  o f  d e s tr u c t io n . U n d e r  an y  c ir ­
cu m sta n ce s , th e  c h a r a c te r  o f  th e  ra in fa ll  is  h a r d ly  c o m ­
p a t ib le  w ith  its  e c o n o m ic a l  s t o r a g e  a n d  e x p e n d itu r e  iu 
a n y  h ig h  d e g r e e  : m u ch  m o re , th e r e fo r e , th a n  in  te m p e ra te  
r e g io n s , is it in c u m b e n t  on  u s  to  s a fe g u a r d  su ch  p r o v id e n t  
a r ra n g e m e n ts  as n a tu re  h as fu r n is h e d  fo r  th e  p u r p o s e .

SNOW AND HAIL.
W h e n  w a te r  v a p o u r  iu  th e  a tm o s p h e re  b e c o m e s  c o n ­

d e n s e d  a t a  te m p e r a tu r e  b e lo w  fr e e z in g  p o in t  it  fo rm s  
s p icu le s  o f  ic e  w h ic h  m a y  u lt im a te ly  r e a c h  th e  e a r th  as 
sn ow . T h e  o r ig in a l  i c e -s p ic u le s  c o m b in e  t o  fo r m  s n o w

* Blandford, o p e r a  c i t . ;  also, Indian Meteorological Memoirs, vol. hi.
“ The Rainfall of India,” and various other meteorological papers.
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c r y s ta ls , u su a lly  s ix -r a y e d , an d  th e se  c ry s ta ls  b e c o m in g  
fe l t e d  t o g e t h e r  fo r m  sn o w -fla k e s . S n o w  n e v e r  fa lls  sa v e  
o n  th e  h ills  in  N o r th e rn  In d ia . T h e  s n o w -lin e  is  a b o u t
1 4 ,0 0 0  fe e t  b u t  s n o w  m a y  fa l l  in a b u n d a n ce  a t a  lo w e r  
le v e l , e.g., S im la , 7 ,0 4 8  fe e t .  I n  su ch  a  ca se , h o w e v e r , it  
soon  m e lts , w h ils t  a b o v e  th e  s n o w -l in e  th e re  is  a lw a y s  
sn o w . I n  c o lo u r  sn o w  is  r e a lly  b lu is h , b u t  as o r d in a r ily  
seen  a p p e a r s  w h ite  o w in g  to  th e  r e fle c t io n  a u d  r e fr a c t io n  
o f  l ig h t  b y  th e  m y r ia d s  o f  c ry s ta ls . U n d e r  g r e a t  p re ssu re  
i t  m a y  b e c o m e  c o m p a c te d  in to  s o lid  ic e .  O n e  f o o t  o f  
fr e s h ly - fa l le n  sn o w  is  sa id  t o  b e  a b o u t  e q u iv a le n t  to  on e  
in ch  o f  ra in , a  v e r y  r o u g h  a p p r o x im a t io n .

H a il is  a  te rm  a p p lie d  to  tw o  d iffe r e n t  p h e n o m e n a .
T ru e  h a ils to n e s  c o n s is t  o f  p ie c e s  o f  ic e  w h ic h  m a y  v a ry  in 
s ize  f r o m  m in u te  p e lle ts  up to  la r g e  m a sses  w e ig h in g  
se v e ra l p o u n d s . " A  s e c t io n  o f  su ch  a  h a ils to n e  g e n e r a lly  
sh ew s a lte rn a te  la y e rs  o f  c le a r  ic e  a n d  c o m p a c te d  sn o w . *  I t  
is  sa id  b y  so m e  to  b e  fo r m e d  b y  a  s o f t  h a ils to n e , as 
d e s c r ib e d  b e lo w , w h ic h  o r ig in a l ly  c o m e s  f r o m  a  g r e a t  
h e ig h t , fa l l in g  in to  a  ra in  c lo u d  fr o m  w h ic h  it  r e c e iv e s  a 
c o a t in g  o f  w a te r , a n d  is th e r e a fte r  c a r r ie d  b a c k  b y  an 
a s c e n d in g  a ir  c u r r e n t  in to  h ig h e r  r e g io n s  w h e r e  th e  w a te r  
b e c o m e s  f r o z e n  in to  c le a r  ic e  : th is  p r o c e s s  o f  a lte rn a te  
a s ce n t  a n d  d e s c e n t  b e in g  r e p e a te d  sev era l tim es till fin a lly  
th e  s to n e s  fa ll  to  th e  e a r th ’ s s u r fa c e  as a  s h o w e r  o f  hail 
I n  th e  t r o p ic s ,  th e re  a re  so m e tim e s  te r r ific  h a ils to rm s , th e  
s to n e s  b e in g  o f  su ffic ie n t  s ize  t o  in f lic t  g r e a t  i n ju r y . f  
H a ils to r m s  a re  c o m m o n e r  a t h ill s ta t io n s  th a n  o n  th e  
p la in s , b u t  a re  n o t  so  d e s t r u c t iv e  as a  ru le , th e  usual s ize  
o f  th e  h a ils to n e s  b e in g  th a t  o f  sm a ll m a rb les .J

T h e  o th e r  fo r m  o f  h a il is  k n o w n  as s o ft  h a il, a n d  lo o k s  
l ik e  sm all sn o w  b a lls  a b o u t  th e  s ize  o f  a  p ea . I ts  o r ig in  is

* v. illustration in Nature, 27th July 1893, p. 294
+ this year (1893) visited on the 28th May by a storm

of tins nature. he hailstones were described ns being the size of racque 
balls, or about 1 inch in diameter, and are said to have rebounded from 
the ground to a height of several feet. Much damage was done to pro­
perty. There are many worse storms than this on record, v alsoford’s Ind. Met. Vade Mecum, p. 232, et seq. alao Bla,,d*

J v. Blandford.
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u n ce r ta in  b u t  it  a p p e a rs  to  be  fo r m e d  b y  th e  “  la r g e r  ic e  
p a r t ic le s  iu  a  d e e p  ice  c lo u d  o v e r t a k in g  a n d  a d h e r in g  to  
th e  sm a lle r  o n e s .” *  I t  so m e tim e s  fa lls  o n  th e  h ills  iu  
In d ia  ; n e v e r  on  th e  p la in s . I t  is  c o m m o n  iu  c lim a te s  lik e  
th a t  o f  G re a t  B r ita in  d u r in g  c o ld  d ry  w e a th e r  in  w in te r , 
w h ils t  tim e h a il fa lls  th e re  o n ly  in  s u m m e r .!

Influence of Snow and I la i l  upon H ealth .— T h e  o n ly  p o in t  
o f  a n y  im p o r ta n c e  in  th is  r e la t io n  is  th e  p a r t  p la y e d  b y  
s n o w  in  c o ld  c lim a te s . L o o s e ly  c o m p a c te d  sn o w , as w h e n  
n e w ly -fa l le n , c o n ta in s  in  its  m esh es  a  v e r y  la r g e  a m o u n t 
o f  a ir  : th e  sn o w y  c o v e r in g  th u s  a cts  as an  e x c e l le n t  n o n ­
c o n d u c to r  o f  h e a t , b y  w h ic h  r a d ia t io n  fr o m  th e  g r o u n d  at 
n ig h t  is  o b s t r u c te d  a n d  th e  e a r th  p r e v e n te d  fr o m  fr e e z in g .
S u c h  an  a c t io n  is  o f  e x tr e m e  v a lu e  in  p r e v e n t in g  th e  
d e s tr u c t io n  o f  th e  y o u n g  c r o p s  o f  w h e a t, e t c .,  w h ich  a re  so w n  
ju s t  b e fo r e  th e  w in te r  sea son  in  G re a t  B r i t a in . !  I 11 v e r y  
c o ld  c lim a te s , su ch  as in  p a r ts  o f  N o r th  A m e r ic a , a d v a n t ­
a g e  is  fr e q u e n t ly  ta k en  o f  su ch  a p r o t e c t iv e  c o v e r in g  b y  
p e rs o n s  w h o  a re  o v e r ta k e n  b y  a  s to rm . W it h  th e ir  h a n d s  
th e y  s c o o p  ou t  a  h o llo w  iu  th e  sn o w  b i g  e n o u g h  f o r  th e m  
to  lie  iu  a n d , h a v in g  c o v e r e d  th e m s e lv e s  w ith  sn o w , aim 
th u s  a b le  to  a v e r t  o th e rw is e  ce r ta in  d e a th  fr o m  c o ld .

Estim ation of Snoiu and H a il.— A lr e a d y  d e s c r ib e d  u n d e r  
R a in , in  th e  p r e v io u s  se c t io n .

Snoiv and H a il in  In d ia .— A n y  fu r th e r  d e ta ils  th a n  
th o se  g iv e n  a b o v e  w o u ld  b e  f o r e ig n  to  th e  s c o p e  o f  th is  
b o o k  a n d  m u st b e  s o u g h t  f o r  in  s p e c ia l  w o r k s .

ATMOSPHERIC PRESSURE.
I t  is  n e ce ssa ry  a t th e  o u tse t  to  d is t in g u is h  c a r e fu lly  

b e tw e e n  th e  pressure a n d  weight o f  th e  a tm o s p h e r e , th e  
fo r m e r  b e in g  th a t  w ith  w h ic h  a lo n e  w e  a re  h e re  c o n c e r n e d .
I t  is  o n ly  w h e n  th e  a ir  is a t  p e r fe c t  r e s t  a n d  u n d e r g o in g

* Mill, op. cit. Cf. formation of rain-drops, p. 325.
f  The term ‘ Sleet’ is applied to a mixture of snow and rain. It is un­

known in the tropics.
J There ere few more striking sights than the carpet of tender green 

shoots which is seen to cover a field after the melting of snow, the earth 
being bare aud free from vegetation before the fall of the snow.

* 4 3 a
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n o  c h a n g e  o f  te m p e r a tu r e  th a t  th e  p re ssu i’e a u d  w e ig h t  
a re  eq u a l, a n d  th is  is a  c o u d it io u  n e v e r  c o m p le te ly  f u l f i l l e d ; 
so  th a t it  m a y  b e  sa id  tru ly  th a t  w e  “  k u o w  n o th in g  a c c u ­
r a te ly  o f  th e  w e ig h t  o f  th e  a tm o s p h e re , b u t  o n ly  th a t  i t  
c a n n o t  b e  v e r y  d if fe r e n t  fr o m  th e  a v e r a g e  p r e s s u r e .” *  In  
r e a lity  th e  a tm o s p h e r e  is  c o n t in u a lly  in  m o t io n , u p w a r d s  
o r  d o w n w a i’d s , a n d  u n d e r g o in g  c o n tr a c t io n  o r  e x p a n s io n , 
w h e n c e  it  fo l lo w s  th a t  th e  h e ig h t  o f  th e  b a r o m e tr ic  co lu m n , 
as e x p la in e d  a fte rw a rd s , t h o u g h  “  a lw a y s  a  m ea su re  o f  th e  
p re s su re  o f  th e  a ir  a c t in g  on  it , is n o  lo n g e r  an  e x a c t  
m ea su re  o f  its  w e ig h t .” +

The following explanation may help the student to understand clearly 
the meaning of the term pressure as nsed in hydrostatics generally.
Take a book measuring 6" x 5" and place it flat on the table. On the top 
of the book let a weight of 601bs. be placed and evenly distributed over the 
cover. Then across any page of the book there will be equal and opposite 
forces acting, which tend to bring the two parts of the book on either side 
of the page closer together. We may express any one of these forces 
either as a force simply, viz., fiOlts., or as a force per unit area of the page, 
viz., 2flss. per square inch. The former denotes the total thrust across the 
page, the latter denotes the pressure. Pressure, then, is the thrust per 
unit area.

Now take the case of heavy fluids at rest. They exert a force or thrust 
across any surface with which they are in contact and this thrust is always 
perpendicular to the surface. Suppose a plane area, of a square inches, 
immersed horizontally in a heavy fluid at rest. The fluid will exert a force 
of, say, P lbs. across either face of this area. Over the area, then, or at any
point in the area the pressure is ?lbs, per square inch. Now, the follow­
ing propositions hold in the case of heavy fluids of uniform density, at rest.

(i) That the pressure is the same at all points in the same horizontal
plane.

(ii) That the pressnre increases uniformly with increase of depth
below the free surface.

That air is a heavy fluid was first proved by Otto Guericke. The same 
is true of gases generally. Consider, then, a mass of gas contained in a 
closed vessel. Strictly speaking, the pressures at different points not in 
the same horizontal plane are not equal. If, however, the dimensions of the 
vessel are not very large, this difference will be very small and can be 
neglected. The pressure at all points will thus be equal and its value is 
called the pressure of the gas. This pressure is due, not to the weight of 
the gas, hut to the mass and motion of its molecules. Tho molecules of a gas 
are constantly moving about with very large velocities on the average. If 
the gas is confined in a box, the molecules will be continually impinging 
on aud rebounding from the sides. It is the blows thus given to the sides 
that cause the pressnre.

I n  th e  y e a r  1 6 4 3 , T o r r ic e l l i ,  a p u p il  o f  G a lile o , p r o v e d

* Blandford. t  Ibid.
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b y  a  s im p le  e x p e r im e n t  t lia t  th e  a tm o s p h e re  e x e r ts  a 
c e r ta in  p ressu re  u p o n  a ll o b je c t s .  H e  k n e w  fr o m  e x p e r ie n c e  
th a t  i f  h e  t o o k  a  tu b e  o p e n  a t b o t h  e n d s  a n d , h a v in g  
p lu n g e d  th e  lo w e r  e n d  in to  a  t r o u g h  c o n ta in in g  m e r c u r y , 
p o u r e d  m e r c u r y  in to  th e  u p p e r  e n d , th e  m e r c u r y  w o u ld , 
b y  its  o w n  w e ig h t , ru n  o u t  th r o u g h  th e  lo w e r  e u d  as fa s t  
as h e  p o u r e d  it  in to  th e  u p p e r  e n d . S o  h e  t o o k  a  g la s s  
tu b e  a b o u t  33  in c h e s  l o n g  a n d  c lo s e d  a t th e  to p , a n d , h a v in g  
fi l le d  it  w ith  m e r c u r y ,  h e  in v e r te d  it  a n d  p lu n g e d  th e  
lo w e r  e n d  iu to  th e  m e r c u r y  in  th e  t r o u g h . A s  a  r e s u lt  h e  
fo u u d  th a t  th e  m e r c u r y  w ith in  th e  tu b e  sa n k  s lo w ly  t i l l  it  
s to o d  a lm o st  .e x a c t ly  3 0  in c h e s  a b o v e  th e  le v e l  o f  th e  m e r ­
cu ry  in  th e  t r o u g h  a n d  th e n  c e a s e d  to  fa l l .

F r o m  w h a t  lia s  b e e u  sa id  a b o v e  it  is e v id e n t  th a t  in  
s u c h  a n  e x p e r im e n t  e v e r y  p o in t  a t th e  s u r fa c e  o f  th e  m e r ­
c u r y  m u st b e  a t th e  sa m e  p re s su re , th e  o n ly  d if fe r e n c e  b e in g  
th a t  th e  m e r c u r y  in  th e  t r o u g h , b u t  o u ts id e  th e  tu b e , is  
s u b je c t  t o  th e  p re s s u re  o f  th e  a tm o s p h e re , w h ils t  th a t  
im m e d ia te ly  u n d e r  th e  tu b e  is  s u b je c t  to  th e  p re s su re  
e x e r te d  b y  th e  c o lu m n  o f  m e r c u r y  w ith in  th e  tu b e , b u t  
n o t  to  th e  p re s su re  o f  th e  a tm o s p h e re . T h u s  i t  is  c le a r  
th a t  th e  p re s su re  e x e r te d  b y  th e  a tm o s p h e re  o n  a  g iv e n  
a re a  is  e q u a l to  th e  p re s su re *  o f  a b o u t  3 0  in c h e s  o f  m e r ­
c u r y , o r  14*75 p o u n d s  per sq u a re  in ch .

A n o th e r  w a y  o f  p r o v in g  th e  e x is te n c e  o f  th is  p re s su re  is 

t o  ta k e  su ch  a  tu b e  a n d , h a v in g  e x h a u s te d  it  o f  a ir  as 
c o m p le te ly  as p o s s ib le ,  t o  in v e r t  it  as b e fo r e  in  a  b a s in  o f  
m e r c u r y . T h e  flu id  w ill  a t o u c e  e n te r  th e  tu b e  fr o m  
b e lo w  a n d  c o n t in u e  to  r ise  t ill  it  s ta n d s  at a b o u t  3 0  in c h e s  
a b o v e  th e  le v e l  o f  th e  m e r c u r y  in  th e  b a s in , o r  iu  o th e r  
w o rd s , u n til th e  p re s su re s  e x e r t e d  b y  th e  a tm o s p h e re  a n d  
b y  th e  flu id  iu  th e  tu b e  h a v e  b e e n  e q u a lis e d . T h e  a c tu a l 
h e ig h t  o f  th e  co lu m n  o f  l iq u id  w h ic h  is  ‘ s u p p o r t e d ’ b y  
th e  a tm o s p h e r ic  p re s su re  d e p e n d s  m a in ly  u p o n  th e  s p e c if ic  
g r a v ity  o f  th e  l iq u id  o f  w h ic h  th e  co lu m n  is  c o m p o s e d .
T h e r e fo r e , i f  w a te r  is  u se d  in s te a d  o f  m e r c u r y  th e  c o lu m u

‘ * or weight, for in this cnse tbev are the siune.
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o f  l iq u id  w ill b e  a b o u t  3 4  fe e t  in s te a d  o f  3 0  in ch e s . T h e  
p r in c ip le  o f  th e  c o m m o n  p u m p  is  s im p ly  th e  p a r t ia l e x h a u s ­
t io n  b y  su c t io n  o f  th e  a ir  in  a c lo s e d  tu b e , th e  lo w e r  e n d  
o f  w h ic h  is  in v e r te d  in  w a te r , so  th a t  o n  th e  p re ssu re  o f  
th e  a tm o s p h e r e  b e in g  r e m o v e d , th e  w a te r  ru sh e s  u p  th e  
tu b e  a n d  is  d is c h a r g e d .

S o o n  a fte r  T o r r ic e l l i  h a d  m a d e  h is  d is c o v e r y  a n d  fu r ­
n is h e d  th e  e x p la n a t io n , a  p r a c t ic a l  d e m o n s tra t io n  o f  th e  
c o r r e c tn e s s  o f  h is  th e o ry  w as g iv e n  b y  P a s c a l  a n d  h is  
b r o th e r - in - la w  P e r r ie r . T h e  fo r m e r  a r g u e d  th a t  i f  T o r r i ­
c e l l i ’ s e x p la n a t io n  w a s  th e  tru e  on e , th en  th e  co lu m n  o f  
m e r c u r y  w o u ld  s ta n d  a t a  lo w e r  le v e l  i f  th e  e x p e r im e n t  w as 
r e p e a te d  a t th e  to p  o f  a  m o u n ta in , o w in g  to  th e  d im in u ­
t io n  in  th e  d e p th  o f  th e  a tm o s p h e r ic  s tra ta  a b o v e  th e  
m e r c u r y  a n d  co n s e q u e n t  le s s e n in g  o f  th e  p re s su re . A c c o r d ­
in g ly ,  P e r r ie r  a s c e n d e d  a  m ou n ta in  a b o u t  3 ,5 0 0  fe e t  h ig h  
a n d , h a v in g  r e p e a te d  th e  e x p e r im e n t , a s c e r ta in e d  th a t  
th e  co lu m n  s to o d  a t a b o u t  2 6  in s te a d  o f  30  in c h e s , a t  th a t  
e le v a t io n . S in c e  th a t  t im e  th e  p re s su re  o f  th e  a ir  h as b e e n  
c o n s ta n t ly  m e a s u r e d  b y  m ea n s  o f  an  in s tru m e n t  c o n ­
s t r u c te d  o n  th is  p r in c ip le ,  w h ic h  h a s  r e c e iv e d  th e  n a m e  
o f  b a r o m e te r , a n d  w h ich  m a y  a lso  b e  u s e d , w ith  ce r ta in  
p r e c a u t io n s  d e s c r ib e d  a fte r w a r d s , t o  m ea su re  th e  h e ig h t  
o f  a n y  p la c e  a b o v e  se a  le v e l.

I t  w a s  d is c o v e r e d  b y  D a lto n  th a t a  s p a ce  f ille d  w ith  a n y  
o i  v a p o u r  js as a  v a cu u m  to  a n y  ofclior g a s  o r  v a p o u r .

I  h e re  is  th u s  s u r r o u n d in g  th e  g lo b e  an  a tm o s p h e re  o f  
n i t r o g e n , w h ic h  e x e r ts  its  o w n  p re s su re  u p o n  th e  e a r th ’ s 
s u r fa c e , au  a tm o s p h e r e  o f  o x y g e n ,  w h ich  e x e r t s  a b o u t  o n e  
q u a r te r  o f  th e  p r e s s u r e  e x e r t e d  b y  th e  fo r m e r , a n  a tm o s - 
p h e ie  o f  c a r b o n ic  a c id , sm a ll in  a m o u n t  a n d  e x e r t in g  b u t  
a  s l ig h t  p r e s s u r e  a n d , f in a lly , a n  a tm o s p h e r e  o f  w a te r  
v a p o u r ;  a ll o f  w h ic h  t o g e t h e r  m a k e  u p  th e  to ta l  a tm o s ­
p h e r ic  p re s su re . O f  th e s e , th e  w a te r  v a p o u r  is  th e  m o s t  
v a r ia b le  a t a n y  o n e  p a r t  o f  th e  a tm o s p h e r e , is  th a t  w h ic h  
d iffe r s  m o s t  a t  d if fe r e n t  p a r ts  a n d , c o n s e q u e n t ly , is  th a t  
w h ic h  is m o s t  in flu e n tia l in  p r o d u c in g  c h a n g e s  o f  p re ssu re .
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I t  w a s  fo r m e r ly  a ssu m ed , a n d  a c te d  u p o n  in  r e d u c in g  
b a r o m e tr ic  o b s e r v a t io n s , t lia t  th e  “  p re s su re  o r  te n s io n  o f  
t lie  w a te r  v a p o u r  in  th e  a ir  c o u ld  b e  d e d u c te d  fr o m  th e  to ta l 
p re s su re  a n d  th a t  th e  b a la u c e  w o u ld  b e  th e  p re ssu re  o f  d r y  
a ir . ”  T h is , h o w e v e r , h as b e e n  sh o w n  t o  b e  a  m ista k e .
H e n c e ,  o w in g - to  th e  d is tr ib u t io n  o f  t e m p e r a tu r e , w h e r e b y  
th e  u p p e r  a tm o s p h e r ic  s tra ta  a re  p r a c t ic a l ly  a lw a y s  c o o le r  
th a n  th o se  b e lo w , a n d  to  th e  f a c t  th a t  th e  w a te r  v a p o u r  b y  
its  f r ic t io n  c o m m u n ica te s  its  p re s su re  to  th e  d r y  a ir  w ith  
w h ic h  it  is  in te r m in g le d , “  a lth o u g h  th e  se p a ra t io n  o f  th e  
p re s su re s  m a y  in d ic a te  th e  p r o p o r t io n s  in  w h ic h  a ir  a n d  
v a p o u r  c o n t r ib u te  to  th e  to ta l p re ssu re  a ro u n d  th e  c is te rn  
o f  th e  b a r o m e te r , th e  d is t in c t io n  h a s  o n ly  a  lo c a l  m e a n in g , 
a n d  d o e s  n o t  a p p ly  t o  th e  g r e a t  m ass o f  th e  s u p e r in c u m ­
b e n t  a tm o s p h e re . ” *  * * §

A t te n t io n  h a s  a lre a d y  b e e n  d r a w n  to  th e  fa c t  th a t  o w in g  
to  its  c o m p r e s s ib il i ty  a b o u t  o n e -h a lf  o f  th e  a tm o s p h e re  lies  
b e tw e e n  th e  e a r th ’ s s u r fa c e  a n d  a  h e ig h t  o f  1 5 ,5 0 0  fe e t , 
so th a t  a t  th e  la t te r  h e ig h t  th e  b a r o m e te r  s ta n d s  a t a b o u t  
15 in ch e s . A t  d o u b le  th is  h e ig h t ,  3 7 ,0 0 0  f e e t , f  th e  m e r ­
c u r y  w o u ld  s ta n d  a t 7 in c h e s , a u d  so  o n , t ill  a t  21 m ile s  
th e  m e r c u r y  w o u ld  s ta n d  a t 0 -5  in c h . I f  B o y le ’ s l a w j  h e ld  
g o o d  in d e fin ite ly , th e  a tm o s p h e r e  w o u ld  h a v e  n o  d e fin ite  
l im it .  “ I t  h a s  h o w e v e r  b e e n  p r o v e d  th a t  th is  la w  d o e s  
n o t  h o ld  f o r  g a s e s  o f  v e r y  sm all d e n s ity , w h ic h  b e h a v e  
l ik e  v e r y  l ig h t  l iq u id s  a n d  h a v e  a  d e fin ite  s u r fa c e , s o  th a t  
th e  a tm o s p h e r e  h a s  an  u p p e r  l im it  b e y o n d  w h ich  th e  
p a r t ic le s  o f  g a s  d o  n o t  s t r a y .§

C h a n g e s  in  a tm o s p h e r ic  p re s su re  a re  m a in ly  d u e  to  th e  
e f fe c ts  o f  h e a t , b u t  th e y  a re  a lso  b r o u g h t  a b o u t , e s p e c ia l ly  
in d ir e c t ly ,  b y  th e  a g e n c y  o f  w a te r  v a p o u r . T h e  g r e a t

* Blandford. v. Ind, Met. vade mecum, pp. 108—10 for fuller explana­
tion.

t  Reached by Mr. Glaisher iu his memorable balloon ascent from 
Wolverhampton in England, 5th September, 1S62. At a height of over 
29,000 feet, Mr. Glaisher noted a reading of 9'75 inches, and became im. 
conscious soon afterwards. Ilia partner, Mr. Coswell, believed that he 
saw the mercury standing at 7 inches, before the descent began.

$ Ike density of any gas is proportional to the pressure it supports
§ Mill, op. cit., p. 101,
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u u u u a l v a r ia t io n s  o f  p r e s s u r e  a re  e a s i ly  t r a c e a b le  to  th e  
e f f e c t  o f  th e  p o s it io n  o f  th e  s u n ’ s m a x im u m  h e a t in g  e f fe c t  
v a r y in g  w ith  th e  se a s o n , b u t  th e  ca u s e s  o f  th e  m in o r  a n d  
m o r e  lo c a l  v a r ia t io n s  a r e  le s s  e a s y  t o  t r a c e . T h e  im p o r ­
ta n t  d e p r e s s io n s  w h ic h , in  th e  t r o p ic s ,  g iv e  r ise  to  c y c lo n e s  
a re  p r o b a b ly  d u e , p r im a r i ly ,  t o  e x c e s s iv e  lo c a l  h e a t in g  o f  
th e  a ir  b y  th e  su n  in  a  r e g io n  w e ll  s u p p l ie d  w ith  m o is tu r e .
T h e  e f fe c t  o f  th is  is  t o  p r o d u c e  a n  u p w a r d  f lo w  o f  a ir  a n d , 
a s  h a s  a lr e a d y  b e e n  e x p la in e d ,  th is  a ir  c o o ls  as i t  a s c e n d s  
a n d  p a r t  o f  th e  m o is tu r e  c o n d e n s e s  as r a in . B u t , w h e n  
t h e  m o is tu r e  c o n d e n s e s , h e a t  is  l ib e r a t e d  w h ic h  p r e v e n t s  
th e  a ir  c o o l in g  t o  th e  e x t e n t  i t  w o u ld  o t h e r w is e  d o , a n d  so  
th e  u p w a r d  c u r r e n t , in s te a d  o f  c e a s in g  as i t  w o u ld  d o  in  
d r y  a ir , c o n t in u e s  a n d , i f  th e  s u p p ly  o f  m o is tu r e  is  s u ff i ­
c ie n t ,  b e c o m e s  .in te n s if ie d , th e  b a r o m e t r ic  d e p r e s s io n  is  
in c r e a s e d , a n d  a  v io l e n t  c y c lo n e  m a y  b e  fo r m e d .

W h e n  w e  c o m e  t o  s t u d y  th e  e f fe c t s  p r o d u c e d  u p o n  th e  
h u m a n  o r g a n is m  b y  c h a n g e s  in  p r e s s u r e , i t  is  f o u n d  th a t  
th e  s u b je c t  h a s  t o  b e  c o n s id e r e d  u n d e r  t h r e e  a s p e c t s ,  
a u a lo g o u s  t o  t h o s e  u n d e r  w h ic h  te m p e r a t u r e  c h a n g e s  
iu  t h e ir  r e la t io n  t o  h e a lth  h a v e  b e e n  a lr e a d y  d is c u s s e d ,*  
viz., (1 ) t h e  e f fe c t  o f  a  sudden change f r o m  a  r e la t iv e ly  
lo w  d e g r e e  t o  a  h ig h  d e g r e e  o f  p r e s s u r e  a n d  vice versa ;
(2 ) t h e  e f f e c t  o f  a  gradual lessening o f  th e  p r e s s u r e ; a u d
(3 )  th e  e f f e c t  o f  a  gradual raising  o f  th e  p r e s s u r e .

Effects o f rap id  changes in  pressure.— T h e  h u m a n  b o d y ,  
a s  is  w e ll  k n o w n , is  m a r v e l lo u s ly  a d a p t a b le  t o  c h a n g e d  
c o n d it io n s ,  p r o v id e d  th a t  th e  c h a n g e s  a r e  m a d e  a t  a  r e a ­
s o n a b ly  s lo w  r a te . C o n v e r s e ly ,  w h e n  o n e  o r  m o r e  im p o r ­
ta n t  c o n d it io n s  t o  its  v i t a l i t y  a re  s u d d e n ly  a n d  m a te r ia l ly  
a l t e r e d  th e r e  is  g r e a t  r is k  o f  a  s h o c k  fa t a l  t o  th e  o r g a n is m  
b e in g  s u s ta in e d . N o w  th e  e x t r e m e  v a r ia t io n s  in  a tm o s ­
p h e r ic  p r e s s u r e  w h ic h  ta k e  p la c e  a t o r  n e a r  se a  l e v e l  a m o u n t  
t o  b u t  a  f e w  in c h e s  r is e  o r  f a l l  o f  th e  b a r o m e t r i c  c o lu m n , 
s u c h  r is e  o r  fa l l  o c c u r r in g  o n ly  w ith in  l im its  c o n s is t e n t  
w ith  p e r f e c t  h e a lt h . B u t  t h e r e  a r e  th r e e  c h ie f  o c c a s io n s

* v. p. 289,



w h en  h u m a n  b e in g s  a re  l ia b le  t o  b e  s u b je c te d  to  su d d e n  
a n d  v io le n t  a lte ra t io n s  in  p re s su re , viz., in  b a llo o n  a sce n ts , 
in  w o r k in g  u n d e r  w a te r  in  c lo s e d  p n e u m a tic  c h a m b e r s  o r  
caissons, a n d  w h e n  w o r k in g  as d iv e r s  a t  th e  b o t to m  o f  th e  
sea , e ith e r  n a k e d  o r  c lo t h e d  in  a  s p e c ia l  d re s s  o r  ‘ d iv in g  
b e l l ’  c o m m u n ic a t in g  w ith  th e  a ir  b y  m e a n s  o f  tu b e s . I n  
b a l lo o n  a sce n ts , as n o t e d  b e fo r e ,*  th e  p re s su re  m a y  b e  v e r y  
r a p id ly  le s s e n e d  b y  as m u ch  as te n  to  tw e n ty  in c h e s , a n d  
su ch  le s s e n in g  p r o d u c e s  v e r y  se r io u s  a n d  e v e n  fa ta l  e ffe c ts  
u p o n  th o se  w h o  a re  e x p o s e d  t o  it . I n  th e  c a s e  o f  m en  
w o r k iu g  in  p n e u m a tic  tu b e s  a  w o n d e r fu l  in c re a s e  o f  p r e s ­
su re  ca n  b e  b o r n e  w ith  s a fe ty , when gradual, b u t  i f  th e  
p re s su re  in  th e  ca is s o n s  b e  t o o  r a p id ly  in c r e a s e d  o r  d e c r e a s -  
e d , m o st  se r io u s  s y m p to m s , e u d iu g  in  so m e  ca se s  in  su d d e n  
d e a th , a re  se t  u p . T h e  e x p la n a t io n s  o f  th e se  fa ta l  re su lts , 
so  fa r  as k n o w n , w ill  b e  g iv e n  u n d e r  th e  u e x t  tw o  h e a d in g s .

Effects of Increased Pressure.— I t  is  o b v io u s  th a t  m in ers  
a n d  o th e r s  w o r k in g  a t a  g r e a t  d e p th  b e lo w  th e  s u r fa c e  o f  
th e  g r o u n d , c a r r y  on  th e ir  la b o u r  u n d e r  a  c o n s ta n t  in c re a se  
o f  p re s su re , b u t  it  h a s  n o t  b e e n  p r o v e d  th a t  s u ch  a m o u n t 
o f  in c re a se  h a s  a n y  a p p r e c ia b le  e f f e c t  o n  th e ir  h e a lth . I f  
a n y th in g , it  p r o b a b ly  in c re a s e s  t h e ir  m u s c u la r  p o w e r  
w h ic h , h o w e v e r , is a p t  t o  b e  s e r io u s ly  in t e r fe r e d  w ith  
in d ir e c t ly  b y  a d v e r s e  c o n d it io n s  o f  fo u l  a ir , d a m p n e ss , e tc .

I n  p n e u m a tic  tu b e s  th e  p re s su re  g e n e r a lly  v a r ie s  b e tw e e n  
2 ’5 a n d  4 -5 a tm o s p h e r e s , w h ic h  is , o f  c o u r s e , la r g e ly  in  
e x c e s s  o f  a n y  p re s su re  o c c u r r in g  n a tu r a lly .+ W h e n  th e  
m e n  a re  s u b je c t e d  to  a  g r a d u a l  in c re a s e  a n d  d e c r e a s e  o f

# v.f. note, p. 341. In the ascent made by Messrs. CroceSpinelli, Sivel 
and Tissandieron 15th April, 1875, the balloon rose in two hours to about 
26,000 feet and remained at 26,000—28,000 feet for two hours more. At 
the end of this period the two former were found suffocated with their 
mouths full of blood, and the sole survivor, M. f  isauudier, became inseu. 
sible.

t  The pressure may be largely increased as a result of an accident in a 
coal mine, on board ship, etc., and many mon may be confined in a small 
•pace. In one such instance, the air in a confined space in a coal mine 
was under sufficient pressure to drive a man out of the opening made by 
the relief party and kill him. The othor men who had been shut up with 
him had suffered no serious inconvenience during their enforced captivity 
of several days, without food of any kind.
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p r e s s u r e  o n  e n t e r in g  o r  le a v in g  th e  tu b e  n o  ill  e f fe c t s  a re  
o b s e r v a b le .  I t  is  s p e c ia l ly  im p o r ta n t  t l ia t  th e  r e tu r n  to  a 
n o r m a l fr o m  a  g r e a t ly  in c r e a s e d  p r e s s u r e  b e  s lo w ly  m a d e ; 
i t  s h o u ld  o c c u p y  tw e n ty  m in u te s  t o  h a l f -a u -h o u r  o r  lo n g e r .  
D iv e i 's  a ls o  w o i 'k  u n d e r  g r e a t ly  in c r e a s e d  p i ’e s s u re s , a n d  in  
t h e ir  c a s e  th e r e  is  th e  a d d it io n a l  p r e s s u r e  d u e  t o  w a te r , 
w h ic h  m a y  a m o u u t  t o  as  m u c h  ns 6  a tm o s p h e i 'e s . T h e y  
a r e  a p t  t o  su ffe r  fi’ o m  p r i c k in g  p a in s , h a sm o ri'h a g e s , t in n itu s  
a n d  d e a fn e s s ,  e t c . ,  a n d  in  s e r io u s  ca s e s  b e c o m e  p a r a ly s e d ,  
o w in g  t o  e x t r a v a s a t io n  o f  b l o o d  b e t w e e n  th e  s p in a l c o r d  

a n d  its  m e m b r a n e s .

T h e r a p e u t ic a l ly ,  c o m p r e s s e d  a ir  h a s  b e e n  t r ie d  in  th e  
fo i ’m  o f  e c o m p r e s s e d  a ir  b a th s  ’ f o r  v a r io u s  p u lm o u a i 'y  
c o m p la in t s ,*  th e  a p p a r a tu s  c o n s is t in g  o f  a  s t r o n g , c i r c u la r  
c h a m b e r  m a d e  o f  m e ta l  in  w h ic h ,  a f t e r  th e  p a t ie n t  is  
s e a te d , t h e  p r e s s u r e  c a n  b e  r a is e d  t o  th e  d e s ir e d  e x te n t  
b y  p u m p in g  in  a ir . A  p re s s u re  e q u iv a le n t  t o  a n  a d d i ­
t io n a l 0 -4  t o  0 6  a tm o s p h e r e  a b o v e  th e  n o r m a l is  g e n e r a l ly  
e m p lo y e d . B e s id e s  m in o r  s y m p to m s , th e  f o l lo w in g  e f fe c ts  
a re  p r o d u c e d  u p o n  th e  r e s p ir a t o r y  s y s te m . T h e  f r e q u e n c y  
o f  th e  r e s p ir a t io n s  fa l ls  to  a b o u t  t w e lv e  p e r  m in u te , w h ils t  
th e  p u lm o n a r y  c a p a c i t y  a n d  th e  a m p litu d e  o f  th e  r e s p ir ­
a t io n s  ai’e  in c r e a s e d .  A n  e x t i ’a  q u a n t ity  o f  o x y g e n  is  
in h a le d  a n d  t h e  e x c r e t io n  o f  u i’e a  a n d  c a r b o n ic  a c id  is  
incx’e a s e d . I t  is  fu r t h e r  s ta te d  th a t  i f  th e  p a t ie n t  is  s u f fe r ­
i n g  f r o m  a n y  p u lm o n a r y  c o m p la in t  a t te n d e d  w ith  d if f ic u lty  
o f  b r e a t h in g ,  th e r e  is  m a r k e d  im p r o v e m e n t  in  th e  e a se  
a n d  q u a lity  o f  th e  resp ix ’a t io n s , p a r t ic u la r ly  in  th e  c a s e  o f  
e m p h y s e m a . O f  c o u r s e , in  th e s e  c a s e s  th e  p ressu x ’e  is  
in c r e a s e d  a n d  le s s e n e d  v e r y  g r a d u a l ly ,  a b o u t  tw e n ty  
m in u te s  b e in g  a l lo w e d  f o r  e a c h  c h a n g e .  T h e  c h ie f  p h y s io ­
l o g i c a l  e f fe c t  o f  in c r e a s in g  th e  p r e s s u r e  a p p e a r s  t o  b e  th a t  
th e  b l o o d  is d r iv e n  in w a r d s , so  to  s p e a k , w h e r e b y  th e  s u p e r ­
f ic ia l  p a r ts  b e c o m e  x’ e la t iv e ly  b lo o d le s s  w h i ls t  th e  in te rn a l 
o r g a n s  a re  c o n g e s t e d  t o  a  d e g r e e  c o r r e s p o n d in g  t o  th e  
e x c e s s  o f  th e  e x t e r n a l  p r e s s u r e  a b o v e  th e  n o rm a l.

* v , paper by Dr. C. Theodore Williams in B. M. J., 15th April, 1885.



Effects of Lessened Pressure .— T lie  e x a c t  n a tu re  o f  th e  
e ffe c ts  p r o d u c e d  b y  a g r a d u a l le s s e n in g  o f  th e  a tm o s p h e r ic  
p re ssu re  has b e e n  m u ch  d is p u te d  a u d  s o , f o r  the p u rp o se  o f  
s e t t l in g  th e  m a tte r  as fa r  as p o s s ib le , M r . W h y m p e r ,  th e  
w e ll  k n o w n  a lp in e  c l im b e r  u n d e r to o k , a b o u t  th e  y e a r  1 8 8 0 , 
an  a rd u o u s  jo u r n e y  to  th e  m o u n ta in o u s  in te r io r  o f  E c u a d o r , 
in  S . A m e r ic a , in  o r d e r  to  see  ‘ w h e th e r  h u m a n  l i fe  ca n  b e  
su s ta in e d  a t g r e a t  a lt itu d e s  a b o v e  th e  le v e l  o f  th e  se a  in  
su ch  a  m a n n e r  as w ill  p e rm it  o f  th e  a c c o m p lis h m e n t  o f  
u se fu l w o r k /  as o p p o s e d  to  th e  m e re  p o s s ib il i ty  o f  e x is t ­
e n ce  fo r  a s h o r t  t im e .*

T h e  th re e  p o in ts  iu v e s t ig a te d  w e r e  as fo l lo w s  :— (1) A t  
w h a t  p re s su re  w e r e  a n y  u n u su a l e f fe c ts  n o t ic e a b le  ; (2)
W h a t  w as th e  p r e c is e  n a tu re  o f  th ese  e f f e c t s ;  a n d  (3) W a s  
it  p o s s ib le  to  b e c o m e  h a b itu a te d  to  th ese  e ffe c ts  ? A t  a 
p re s su re  o f  1 6 '5 0 0  in c h e s  (1 6 ,6 6 1  fe e t )  th e  th ree  e x p lo r e r s  
w e re  q u ite  in c a p a c ita te d  fo r  w o rk  a n d  fo u n d  th e m se lv e s  
‘  p r e o c c u p ie d  b y  th e  p a ra m o u n t  n e ce s s ity  f o r  o b t a in in g  
a ir . S p e c ia l  stress  is la id  on  th e  fa c t  th a t  s u ch  in c a p a ­
c ity  f o r  w o r k  w a s  n e ith e r  d u e  t o  e x h a u s t io n  n o r  to  d e f ic i ­
e n c y  o f  b o d i ly  s tre n g th , n o r  to  w e a k n e ss  fr o m  w a n t o f  
f o o d ,  b u t  w as c a u s e d  b y  th e  w h o le  a tte n t io n  b e in g  ta k e n  
u p  in  e f fo r ts  to  g e t  e n o u g h  a ir . T h e  a t ta c k  w as v e r y  
s u d d e n , th e  c h ie f  sy m p to m s  b e in g  la b o u r e d  a n d  g a s p in g  
re s p ira t io n , in te n se  h e a d -a c h e  a u d  an  f in d e s c r ib a b le  fe e l -  
m g  o f  i lln e ss  th r o u g h o u t  th e  w h o le  b o d y  ; m  a d d it io n , 
th e re  w a s  fe v e r is h n e s s  a n d  a m a r k e d  a c c e le r a t io n  o f  th e  
p u lse , T h e  a tta c k  g r a d u a lly  p a s se d  o ff. M r . W h y m p e r  
c o n c lu d e s  th a t  h is  p a r ty  b e c a m e  somewhat habituated  to  
lo w  p re s su re s , as e v id e n c e d  b y  a n  im p r o v e d  ra te  o f  s p e e d  
d u r in g  th e  la te r  jo u r u e y s .t  H e  fin d s , h o w e v e r , th a t  th e

* “  The most opposite statements and opinions have been advanced 
concerning this matter. The extremes range from saying that fatal 
results may occur, and have occurred, from some obscure cause, at com- 
paratively moderate elevations, down to that no effects whatever have 
been experienced at the greatest heights which have been attained.”
'travels Amongst the Great Ancles of The Equator, Whymper. The original 
work is full of interest and should be read by all concerned with this 
important question.

f  It is noteworthy that an extra member of the party, who was with
4 4 a
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r a te  o f  p r o g r e s s  is  m a t e r ia l ly  a f fe c t e d  a t  a  p r e s s u r e  o f  
21 in c h e s  (9 ,8 5 0  f e e t ) ,  a  f a c t  w h ic h  m u s t  a f fe c t  ‘  a ll c a l ­
c u la t io n s  w h ic h  m a y  b e  m a d e  o n  th e  b a s is  o f  h ig h e r  p r e s ­
su re s  e i t h e r  in  r e s p e c t  t o  th e  m a r c h in g  o f  t r o o p s , t r a n s p o r t  
o f  a n im a ls , th e  la b o u r  o f  th e  n a v v y ,  o r  a n y  o t h e r  d e s c r ip ­
t io n  o f  m u s c u la r  e x e r t io n .  ’

H e  d iv id e s  t h e  e f f e c t s  p r o d u c e d  in t o  t w o  c la s s e s  :— (1) 
transitory, a n d  (2 ) permanent. U n d e r  th e  f o r m e r  h e a d  c o m e  
in c r e a s e d  p u ls e -r a t e ,  in c r e a s e d  b o d y  te m p e r a t u r e , a n d  p r e s ­
su re  o n  th e  b l o o d  v e s s e ls  [ r is e  in  b l o o d  p r e s s u r e  ? ]  : u n d e r  th e  
la t t e r ,  in c r e a s e  in  f r e q u e n c y  a n d  a lt e r e d  c h a r a c t e r  o f  th e  
r e s p ir a t io n s ,  lo s s  o f  a p p e t i t e  a n d  lo s s  o f  m u s c u la r  p o w e r .

T h e  T e m p o r a r y  s y m p to m s  h e  a s c r ib e s  v e r y  r e a s o n a b ly  t o  th e  
e x p a n s io n  o f  g a s e o u s  m a t te r  w ith in  th e  b o d y ,  t h e  r e s u lt  o f  
d im in is h e d  e x t e r n a l  p r e s s u r e , th e s e  s y m p to m s  d y i n g  a w a y  
o n  th e  e s ta b lis h m e n t  o f  e q u i l ib r iu m  b e t w e e n  th e  in te r n a l 
a n d  e x t e r n a l  p r e s s u r e .*  F r o m  th e  P e r m a n e n t  e f fe c t s ,  th e  
d i r e c t  r e s u lt ,  n o  d o u b t ,  o f  th e  r a r e fa c t io n  o f  th e  a ir , th e r e  
is  n o  e s c a p e .  A t  a  p r e s s u r e  o f  1 P 7 5 0  in c h e s  (1 9 ,6 0 0  fe e t )  
i t  is  p o s s ib le  t o  s u s ta in  l i f e  w h i le  a t  r e s t , b y  b r e a t h in g  
t h r o u g h  th e  w id e -o p e n e d  m o u t h , b u t  a n y  a t te m p t  a t  m o v e ­
m e n t ,  e n t a i l in g  a  fu r t h e r  d e m a n d  f o r  a ir , m a k e s  i t  a lm o s t  
im p o s s ib le  t o  b r e a t h e  a t  a ll.

A t  lo w e r  e le v a t io n s ,  s u c h  a s  3 ,0 0 0 — 8 ,0 0 0  fe e t ,  b e t w e e n  
w h ic h  e x t r e m e s  m o s t  I n d ia n  h ill  s ta t io n s  a re  s itu a te d , 
v a r io u s  t e m p o r a r y  e f fe c t s  a re  n o t ic e a b le  ; t  b u t  in  th e  h e a lt h y  
t h e s e  s o o n  p a s s  o f f  a n d  g r e a t  e x e r t io n  c a n  b e  u n d e r g o n e

them during their first attack and who had lived for many years in 
Eeaudor, did not suffer at all. He did not ascend, however, above 
17 000 feet. None of the party suffered at any time from the so-called 
mal-de-montagnes or mountain sickness, complained of by many travellers, 
and upon which (treat stress has been laid by some. For an account of 
the symptoms and other details of this supposed malady, and references 
to Indian literature on the subject, v. Hirsch, Handbook of Geog. and Hist.
Path., Vol. II., p. 503, et. seq.

* In the case of aeronauts the lessening of the pressure is so rapid that 
violent hEcmorrliage, with suffocation, is apt to supervene and cause a 
fatal result.

■f The most prominent is, naturally, ‘ want of breath ’ on first arrival.
In soino cases there is disorder of the cerebral circulation with giddiness, 
deficiont accommodation, etc.
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■with p lea su re  a u d  s a fe ty . P e r s o n s  s u ffe r in g  fr o m  a d v a n c e d  
h e a rt  d is e a s e *  o r  fr o m  a  l ia b i l i t y  to  h a em orrh a ge  fr o m  a n y  
o f  th e  m u co u s  s u r fa ce s  sh o u ld  o u  u o  a c c o u n t  b e  p e r m itte d  

• to  a s c e u d  a b o v e  3 ,0 0 0  f e e t ; f o r  su ch , a sea  v o y a g e  o r  a  
c h a n g e  to  a  c o ld e r  c lim a te  is  in  e v e r y  w a y  m o re  su ita b le .

T h e  s u b je c t  o f  th e  e ffe c ts  p r o d u c e d  b y  le s s e n e d  a tm o s ­
p h e r ic  p re ssu re  u p o n  h e a lth y  a n d  s ic k  p e rs o n s  is b y  n o  
m ea n s  th o r o u g h ly  e lu c id a te d  as y e t , f  b u t  it  is  o f  im m en se  
im p o r ta n c e , b o th  on  a c c o u n t  o f  th e  g r e a t  e le v a t io n  o f  som e  
o f  th e  In d ia n  sa n ita r ia  a n d  b e c a u s e  o f  th e  c h a n c e  o f  fu tu re  
m ilita ry  o p e r a t io n s  on  th e  N . - W .  fr o n t ie r  b e in g  c a r r ie d  o n  
a t s t ill  g r e a te r  a lt itu d e s .

Barometers.— A s  m e n t io n e d  b e fo r e ,  th e  in s tru m e n t  in ­
v a r ia b ly  u s e d  f o r  m e a s u r in g  th e  a tm o s p h e r ic  p re s su re  a t 
m e te o r o lo g ic a l  s ta t io n s  is k n o w n  as th e  B a ro m e te r . T h e r e  
a re  tw o  c h ie f  c la sse s  o f  b a r o m e te r , th e  m ercurial a u d  non- 
m ercurial, th e  fo r m e r  b e in g  m u c h  th e  m o re  im p o r ta n t .
E v e r y  m e rcu r ia l b a r o m e te r  is  e s s e n tia lly  a  m o d if ic a t io n  
o r  a d a p ta t io n  o f  th e  tu b e  a n d  b a s in  o f  m e r c u r y  u s e d  b y  
T o r r ic e l l i  in  h is  fa m o u s  e x p e r im e n t . I n  som e  ca se s  a 
U -s h a p e d  tu b e  is u sed , in  w h ic h  o n e  l e g  is  o n ly  a b o u t  £ as 
lo n g  as th e  o th e r  a n d  o p e n  a t th e  e n d . T h e r e  is, o f  c o u r s e , 
a  ‘ T o r r ice ll ia n  v a cu u m  ’  b e tw e e n  th e  u p p e r  le v e l  o f  th e  
m e r c u r y  a u d  th e  c lo s e d  e n d  o f  th e  lo n g  l im b , th e  s p a c e  so  
le f t  c o n ta in in g  n o t h in g  b u t  a  l it t le  v a p o u r  o f  m e r c u r y .
A s  th e  p re s su re  r ise s  th e  m e r c u r y  is  d e p r e s s e d  in  th e  s h o r t  
lim b  a n d  r a ise d  in  th e  l o n g  lim b , a n d  vice versa. T w o  
r e a d in g s  m u st a lw a y s  b e t a k e n ,  vie., th e  h e ig h t  o f  th e  m er-

* A case occurred not long ago at a bill station about S,000 feet above 
sea level, in which a lady, newly arrived, suffered from almost continuous 
fainting fits on the smallest exertion, such as walking across a room, and 
was only kept alive by tlie constant administration of cardiac and other 
stimulants.

t  A most elaborate series of experiments upon himself and other human 
beings and upon the lower animals, was carried out by tlie late Paul Bert, 
the distinguished French scientist. An account of these is given in bis 
book La Pression Barom-etrique, a summary of which will be found under 
appendix J. in Mr. Wbymper’s book. He strongly recommended the carry, 
ing of oxygen for inhalation when at great heights. Hitherto its bulkiness 
lms prevented this being done, but it is quite possible that it may some 
day be rendered easily portable in largo quantity.
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c u ry  iu  b o th  lim b s . T h is  fo r m  is  k n o w n  as th e  S ip h o n  
b a r o m e te r  a n d  r e se m b le s  th e  m e r c u r y  m a n o m e te rs  u sed  in  
p h y s io lo g ic a l  e x p e r im e n ts  to  m ea su re  b lo o d  p re s su re , e tc .
I t  is  a  g o o d  fo r m  o f  b a r o m e te r , a n d  is  e s p e c ia lly  a d a p te d  
f o r  u se  in  m o u n ta in  a sce n ts . O w in g , h o w e v e r , to  th e  
n e c e s s ity  f o r  a  d o u b le  r e a d in g  it  h as b e e n  a lm o st  c o m ­
p le te ly  r e p la c e d  b y  th e  in s tru m e n t  n e x t  to b e  d e s c r ib e d .
W h e n  a s ip h o n  b a r o m e te r  has to  b e  m o v e d , th e  u p p e r  e n d  is 
g e n t ly  lo w e r e d  so  th a t  th e  m e r c u r y  in  th e  lo n g  lim b  r ises  to  
th e  to p  a n d  th a t  iu  th e  s h o r t  l im b  p a sse s  b e y o n d  th e  b e n d  
in to  th e  lo n g  lim b . I n  th is  w a y  a ir  is p r e v e n te d  fr o m  passing- 
u p  so  lo n g  as th e  in s tru m e n t  is  c a r r ie d  iu  th e  p r o p e r  p o s it io n .

T h e  s ta n d a rd  b a r o m e te r  on  F o r t in ’ s p r in c ip le  is  th a t 
n o w  in  g e n e r a l  u se  in  In d ia . I t  co n s is ts  e s s e n t ia lly  o f  a 
g la ss  tu b e , a b o u t  3 4  in c h e s  iu  le n g th , c lo s e d  a t th e  to p  a n d  
f i lle d  w ith  p u r e  m e r c u r y  (s p e c . g r a v .  1 3 -5 9 4 ). T h e  lo w e r  
e n d  o f  th e  tu b e  is  o p e n  a n d  d ip s  in to  a c u p  c o n ta in in g  m e r ­
c u r y , th e  c is te rn . T h e  tu b e  is  p la c e d  e x a c t ly  v e r t ic a l ,  so  th a t  
th e  m e r c u r y  s ta n d s  a t a h e ig h t  b e tw e e n  27 a n d  31 in ch e s  
a b o v e  th e  m e r c u r y  iu  th e  c is te rn , a c c o r d in g  to  th e  c h a n g e s  
in  th e  a tm o s p h e r ic  p re ssu re  f r o m  t im e  to  tim e ; th e  in s tr u ­
m e n t  b e in g  a t o r  n e a r  se a  le v e l . T h e  s p a c e  a b o v e  th e  m er- 
cu i-y  is  a ‘ T o r r ic e l l ia n  v a c u u m ’ as in  a ll o rd in a ry  b a r o m e te r s .

I t  is  sa id  a b o v e  th a t  th e  to ta l le n g th  o f  th e  co lu m n  is  
measured*  fr o m  th e  u p p e r  le v e l  o f  th e  m e r c u r y  in  th e  
c is te r n  a n d  as, d u r in g  c h a n g e s  in  th e  m e r c u r y  le v e l  in  th e  
tu b e , m e r c u r y  m u st e n te r  o r  le a v e  th e  c is te r n  it  is  o b v io u s  
th a t  th e  le v e l  o f  th e  m e r c u r y  in  th e  c is te r n  u n d e r g o e s  
c h a n g e s  r e la te d  to  th o se  in  th e  c o lu m n . T h is  m a y  b e  c o m ­
p e n s a te d  f o r  (1 ) b y  a s o -c a l le d  f c a p a c ity  c o r r e c t io n  ’ ; (2) b y  
a  p l ia b le  c is te r n  b a s e  ; (3 ) b y  a  c o n t r a c te d  s ca le  ; o r  (4 ) b y  
d is p e n s in g  w ith  th e  u se  o f  a c is te r n  a lt o g e th e r  a n d  e m p lo y ­
in g  a  s ip h o n  b a r o m e te r  as p r e v io u s ly  d e s c r ib e d . O f  th ese  
th e  s e c o n d  m e th o d  is  th e  m o s t  im p o r ta n t  f o r  o u r  p u r p o s e  
a n d  is  th a t  in v e n te d  b y  F o r t in . B y  th e  u se  o f  a c is te r n , o f  
w h ic h  th e  b o t to m  is fo r m e d  o f  a b a g  o f  le a th e r  o r  o f  a

* N, 15. uot read. v. p. 851, line 0.
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s o lid , bub m o v a b le , p is to n  tb e  c is te rn  le v e l  is  a d ju s te d  
t o  a  constant 'point w h ic h  is  th e  z e ro  o f  tb e  s ca le  (P I. x v i .)
T h is  c o n s ta n t  p o in t  o r  z e r o  o f  th e  s ca le  is  g e n e r a lly  a  
p o in te d  iv o r y  s tu d , its  t ip  b e in g  k n o w n  as th e  fiducia l 
point. T o  ‘ s e t ; th e  b a r o m e te r , b e fo r e  t a k in g  a  r e a d in g , 
th e  le v e l  o f  th e  m e r c u r y  in  th e  c is te r n  is a d ju s te d  b y  m ea n s  
o f  th e  th u m b  s c re w  a t th e  b a se  t i ll  th e  f id u c ia l  p o in t  a n d  
its  r e fle c t io n  in  th e  m e r c u r y  exactly meet.

'i h e  tu b e  is  m o u n te d  in  a  b ra ss *  ca se  su s p e n d e d  v e r t i­
c a lly  fr o m  a  h o o k  a t  th e  to p  o f  a m a h o g a n y  b o a r d , w h ils t  
a t  th e  lo w e r  e n d  o f  th is  b o a r d  is  a  s o c k e t  o r  r in g  w ith  
c la m p in g  s c re w s  to  s te a d y  th e  b a r o m e te r  d u r in g  th e  t im e  
a  r e a d in g  i s 'b e i n g  ta k e n . T o  t h e - f r o n t  o f  th e  ca se  a 
th e rm o m e te r  is a tta ch e d .

T h e  sca le  is e n g r a v e d  w itb  g r e a t  a c c u r a c y  o n  th e  ca se , in  
in c h e s  a n d  d iv is io n s  o f  a n  in ch , a n d  a t ta c h e d  t o  th e  ca se  
a t its  u p p e r  p a r t  is a  m o v a b le  d iv id in g  s ca le , c o n t r o lle d  b y  a  
r a c k  a n d  p in io n , a u d  c a lle d , a fte r  its  in v e n to r , th e  Vernier.
T h e  p r in c ip le  o f  th e  V e r n ie r  s ca le  is as fo l lo w s . E a c h  iu c h  
o n  th e  f ix e d  s ca le  e n g r a v e d  o n  th e  ca se  is  d iv id e d  iu to  
te n th s  (0 -1) a n d  h a lf -te n th s  o r  tw e n t ie th s  (0 0 5 ) , a u d  th e  
\ e rn ie r  s ca le  is  so  d iv id e d  th a t  25  o f  its  d iv is io n s  a re  e q u a l 
to  2 4  o f  th e  sm a lle s t  d iv is io n s  on  th e  la r g e r  sca le . I n  o th e r  
w o rd s , e a c h  v e r n ie r  d iv is io n  is  f  4  o f  th e se  la tte r , i.e., i t  is 
t v  sm a lle r . N o w  o f  5V =  ^  o r  0 0 0 2  in ch  a n d  th is  is 
th e  v a lu e  o f  e a ch  o f  th e  s m a lle r  d iv is io n s  o n  th e  v e r n ie r  
s ca le . F o r  c o n v e n ie n c e  sa k e , h o w e v e r , th e re  a re  e n g r a v e d  
u p o n  it  a t p r o p e r  in te r v a ls , la r g e r  d iv is io n s  c o r r e s p o n d in g  

i p  o r  0-01 in ch . T h u s  th e  f ix e d  sca le  a n d  th e  v e r n ie r  
a re  u su a lly  g r a d u a te d  as fo l lo w s  :—

Every long line ( cut on the bnrometer ) a tenth (0*100) of an inch
,, short „ (scale corresponds to ) ,, live hundredth (0 050) „

Every long line ( cut on the vernier > one hundredth (0 010) ,,
,i short ,, ( scale corresponds to j  ,, two thousandth (0’002) ,,

* “  Brass is considered the best material, because its coeflicieiTt of 
expansion by heat is well known ; and this is very important, as the tables 
for correcting barometer readings for temperature, founded upon the coeffi- 
cients of expansion of mercury, glass, nnd brass, always give identical 
results with such barometers, although the nature of the alloy forming 
the cuses may not in all instances be exactly similar.” Official Instruc­
tions in the use of Meteorological Instruments, Scott.
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B y  su ch  an  a r r a n g e m e n t  th e  b a r o m e te r  ca n  b e  re a d  
a c c u r a te ly  to  0 -0 0 2  o f  an  in c h .

I n  r e a d in g  th e  v e r n ie r  th e  tw o  p r im a r y  e ssen tia ls  a re  
th a t  th e  b a r o m e te r  sh a ll h a n g  v e r t ic a l ly  a n d  b e  p la c e d  in  
a  g o o d  l ig h t .  T h e  m ille d  h e a d  o f  th e  p in io n  is  tu rn e d  t ill  
th e  lower e d g e s *  o f  th e  v e r n ie r  a re  e x a c t ly  o n  a le v e l  w ith  
th e  c o n v e x  to p  o f  th e  co lu m n  o f  m e r c u r y , so  th a t  th e  f r o n t  
e d g e  o f  th e  v e r n ie r , th e  middle a n d  uppermost p o in t  o f  th e  
c o lu m n  a n d  th e  b a c k  e d g e  o f  th e  v e r n ie r  a re  o n  th e  lin e  o f  
s i g h t . t  T h e  e y e  o f  th e  o b s e r v e r  m u st a lso  b e  e x a c t ly  on  
a  le v e l  w ith  th e  to p  o f  th e  m e r c u r y  co lu m n , o th e rw ise  th e  
r e a d in g  w ill  b e  in c o r r e c t .  I f ,  w h e n  th is  h as b e e n  d o n e , 
th e  lo w e s t  l in e  o n  th e  v e r n ie r  e x a c t ly  c o r r e s p o n d s  w ith  
on e  o f  th e  d iv is io n s  on  th e  f ix e d  s ca le , th e  la s t  l in e  o f  th e  
v e r n ie r  w ill  c o r r e s p o n d  a lso  w ith  a n o th e r  d iv is io n , b u t  ' 
n o n e  o f  th e  o th e r  d iv is io n s  w ill  so  c o r r e s p o n d , a n d  th e  
r e a d in g  is  m a d e  d ir e c t  f r o m  th e  f ix e d  s c a le  a n d  m a y  b e , 
e.g., 2 9 , 2 9 -G o r  2 9 -6 5  in c h e s . I f ,  o n  th e  o th e r  h a n d , e.g., 
th e  e ig h t e e n t h  d iv is io n  o n  th e  v e r n ie r  is  th e  fir s t  t o  
c o r r e s p o n d  e x a c t ly  w ith  a d iv is io n  o n  th e  f ix e d  s c a le , th e n  
th e  f ix e d  s ca le  is r e a d  to  te n th s  a n d  fiv e  h u n d r e d th s  o f  an  
in ch , s a y  2 9 -6 5 0 , a n d  to  th is  is  a d d e d  0 -0 0 2  x  18 =  0 -0 3 6  
in c h i t ; th e  a c tu a l r e a d in g  o f  th e  b a r o m e te r  b e in g  th u s  
2 9 -6 5 0  4 - 0 -0 3 6  =  2 9 -686  in c h e s . I t  is th u s  e v id e n t  th a t 
as th e  v e r n ie r  d iv is io n s  a re  f o l lo w e d  u p w a r d s , 0 -0 0 2  in c h  
is  lo s t  f o r  e v e r y  v e r n ie r  d iv is io n  as c o m p a r e d  w ith  th e  
d iv is io n s  on  th e  f ix e d  s ca le , t i l l  th e  fr a c t io n a l e x c e s s  o f  
th e  m e r c u r y  co lu m n  a b o v e  2 9 -6 5 0  in c h e s  h a s  b e e n  l o s t ;

* In some barometers the 25 divisions on the vernier correspond to 26 of 
the smaller divisions on the fixed scale, instead of 24, so that each vernier 
division is 4  larger than the others. In this case the vernier is read 
downwards instead of upwards, from its own zero.

f  If the vernier edge is brought too low, instead of being tangential 
to the column of mercury, it will correspond with a chord of the curve 
made by the convex surface of the mercury. The reading is lunch facili­
tated by a piece of white paper placed behind the tube so ns to reflect the 
light, and at night by a candle held at the side, for as short a time as possible.

t  ue„ lf the long lines on the vernier scale are disregarded. If these, 
eaoh of which is equal to 0 01 inch, are counted, it will be found that 
there are 3 below the division containing the eighteenth short line. Add 
therefore, 0 01 x 3 =  0 03 to the reading on the scale, and then 0 002 x 3 
= 0'006, i.e., altogether, 29'650 + 0-030 + 0'006 =j 29 680,
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w h e n  th e  m a rk s  o n  th e  tw o  s ca le s  m u st c o r r e s p o n d . T h e  
a b o v e  w ill b e  e a s ily  u n d e r s to o d  b y  a  r e fe r e n c e  to  th e  
d ia g r a m s  in  p la te  x ix .  o r , b e t te r  still, b y  p r a c t is in g  th e  
r e a d in g  o f  a b a ro m e te r  it s e lf ,  i f  a c c e s s  ca n  b e  h a d  to  on e .

I n  m a k in g  u se  o f  th e  b a r o m e te r  i t  is  n e ce ssa ry  (1 ) to  
se t  th e  in s t r u m e n t ; (2 ) to  r e a d  i t ; a n d  (3 ) t o  a p p ly  ce r ta in  
c o r r e c t io n s  to  th e  o b s e r v e d  r e a d in g s .

T o  se t th e  b a ro m e te r , (a) r e a d  th e  a t ta c h e d  t h e r m o m e t e r ;
{b) a d ju s t  th e  m e r c u r y  in  th e  c is te r n ,*  so  th a t  th e  f id u c ia l 
p o in t  a n d  its  r e f le c t io n  e x a c t ly  m e e t , fo r m in g  a  d o u b le  
c o n e ;  a n d  (c) se t  th e  v e r n ie r . I t  is  th en  re a d , th e  s e t t in g  
a n d  r e a d in g  b e in g  d o n e  as q u ick ly *  as p o s s ib le , to  a v o id  
h e a t in g  o f  th e  in s tru m e n t b y  p r o x im it y  o f  th e  o b s e r v e r .

B e fo r e  th e  r e c o r d s  o f  a n y  b a r o m e te r  c a n  b e  a c c e p t e d  as 
t r u s tw o r th y  it  is  n e c e s s a ry  to  a s c e r ta in  th a t  th e  p r o p e r  
c o r r e c t io n s  h a v e  b e e n  a p p lie d . S o m e  o f  th e se  c o r r e c t io n s  
h a v e  r e fe r e n c e  to  th e  sp e c ia l in s tru m e n t  e m p lo y e d , w h ils t  
o th e r s  a re  a p p lic a b le  to  a ll in s tru m e n ts  u se d  u n d e r  th e  
sa m e  c o n d it io n s . T h e  c o r r e c t io n s  o f  th e  fo r m e r  c la s s  a re  
th re e  in  n u m b e r , viz., (1) f o r  Index E rro r, (2 ) f o r  Capacity, 
a n d  (3 ) f o r  C ap illa rity . A s  b e fo r e  e x p la in e d , in  b a r o m e te r s  
c o n s t r u c te d  o n  F o r t in ’ s p r in c ip le , th e  m e r c u r y  in th e  c is te rn  
is  a d ju s te d  a t e a c h  o b s e r v a t io n  to  th e  neutral point, s o  th a t  
th e r e  is n o  f c a p a c it y  c o r r e c t io n  ’  to  b e  a p p lie d  to  th e  r e a d ­
i n g s  S o  a lso  f o r  s ip h o n  b a ro m e te rs  th e re  is  n o  c a p a c ity  
c o r r e c t io n , a  d o u b le  r e a d in g  b e in g  ta k e n  in s t e a d ; n e ith e r  
is  th e re  a n y  c o r r e c t io n  f o r  c a p il la r ity , i f  b o th  le g s  o f  th e  
s ip h o n  h a v e  th e  sa m e  d ia m e te r .J

I n  a  F o r t in ’ s b a r o m e te r  th e  f in d e x  c o r r e c t io n , ’  r e su lt in g  
fr o m  e r r o r  in  g r a d u a t io n , a n d  th e  f c a p i l la r ity  c o r r e c t io n , ’  
a r is in g  fr o m  th e  c a p il la r y  a c t io n  o f  th e  g la s s  tu b e  u p o n  th e  
m e r c u r y , a re  co n s ta n t  a n d  a re  u su a lly  c o m b in e d . T h e  c o m -

* i,le Unrometer being kept exactly vertical by means of the clamoinn- 
screws mentioned on p. 349. It is well to tap the tube gently before 
eHch'feading61'1161’ ati leasfc three different settings should be made for

+ w' P- 348- f  v. p. 347.
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b in e d  c o r r e c t io n  m a y  b e  p o s it iv e  o r  n e g a t iv e , b u t  is  u su a lly  
n e g a t iv e .*  T h e s e  e rro rs  a re  a s ce r ta in e d  b y  co m p a r is o n  
w ith  a  s ta n d a rd  b a r o m e te r  a t K e w , C a lcu tta , e t c . ; tlie  
e n g r a v e d  s ca le  b e in g  a lso  c o m p a r e d  w ith  a s ta n d a rd  sca le .

T h e  c o r r e c t io n s  a p p lic a b le  t o  th e  r e a d in g s  o f  a ll in s tru ­
m e n ts  a re  (a) f o r  Temperature, (b) f o r  Altitude  a b o v e  sea  
le v e l . T o  a  c e r ta in  e x te n t , a  b a r o m e te r  a c ts  l ik e  a  t h e r ­
m o m e te r , th e  m e r c u r ia l  c o lu m n  e x p a n d in g  (r is in g ) o r  c o n ­
t r a c t in g  ( fa llin g )  w ith  e v e r y  r ise  o r  fa l l  o f  th e  te m p e ra tu re .
I t  is  n e c e s s a ry , a c c o r d in g ly ,  to  a llo w  f o r  th is  in  c o m p a r in g  
d if fe r e n t  b a r o m e tr ic  o b s e r v a t io n s , a n d  th e  d if f ic u lty  is  g o t  
o v e r  b y  a p p ly in g  to  a ll r e a d in g s  a  ‘ t e m p e ra tu re  c o r r e c t io n /  
w h e r e b y  th e  r e a d in g  is  s ta te d  as i f  ta k e n  a t a te m p e ra tu re  
o f  3 2 °  F . T h a t  is  to  sa y , w e  s u b tr a c t  th e  in c re a s e  in  h e ig h t  
o f  th e  m e rcu r ia l c o lu m n  d u e  to  th e  d i f fe r e n c e  b e tw e e n  a 
r e a d in g  ta k e n  a t 3 2 ° F . a n d  th e  o b s e r v e d  te m p e ra tu re , sa y ,
8 7 °  F . T h e  c o r r e c t io n  is u s u a lly  m a d e  b y  r e fe r e n c e  to  
s p e c ia l  ta b le s , b u t  i t  ca u  ea s ily  b e  a p p lie d  f r o m  a  fo r m u la .
T h e  n e c e s s ity  f o r  a p p ly in g  a  ‘ c o r r e c t io n  f o r  a l t i t u d e ' is 
o b v io u s  fr o m  w h a t  h a s  p r e v io u s ly  b e e n  s a id , f  a n d , r o u g h ly  
s p e a k in g , th e  b a r o m e te r  r e a d in g  fa l ls  a b o u t  0-001 in c h  fo r  
e v e r y  f o o t  a b o v e  sea  le v e l.J  A H  r e a d in g s , th e n , ta k e n  a t 
a n y  s ta t io n  n o t  m o re  th a n  2,000 fe e t  a b o v e  se a  le v e l , a re  
r e d u c e d  to  th e  v a lu e  t h e y  w o u ld  h a v e  a t se a  le v e l  a n d  are  
so  e x p r e s s e d . A t  p la c e s  s itu a te d  a t a  h ig h e r  le v e l  th a n  
b e tw e e n  2 ,0 0 0  a n d  3 ,0 0 0  fe e t ,  a n d  m a n y  In d ia n  h ill -s ta t io n s  
a r e  so  s itu a te d , th e  p re s su re  is  th a t  o f  a “  s tra tu m  o f  th e  
a tm o s p h e re , iu  w h ic h  th e  re la t io n s  o f  p re s su re  a re , a t c e r ­
ta in  t im e s , d e m o n s tr a b ly  d iffe re n t  fr o m  th o se  o n  th e  p la in s  
b e lo w . T h e  r e d u c e d  p re s su re s  o f  th ese  s ta t io n s  a re , th e r e ­
fo r e , n o t  c o m p a r a b le  w ith  th o se  o b s e r v e d  on  th e  p la in s .” §

* The correction for index error may be positive or negative : the correc­
tion for capillarity is necessarily positive.

*t i .e . , of course, when * weather observations ’ are being made, in con* 
tradistinction to the calculation of the elevation by means of the fall in 
the mercury level.

X For the first 300 feet, when the air has a mean temperature of 90° F .; 
and by a greater amount for all lower temperatures, v. p ost. pp. 354-7.

§ Blanford. For further details as to the methods of applying these 
corrections, the works of Blandford and others must be consulted.

J
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T lie  o n ly  im portant; n o n -m e rcu r ia l fo r m  o f  b a ro m e te r , 
a n d  o u e  w h ic h  is e x tr e m e ly  p o r ta b le  a n d  v ery  se n s it iv e , is  
th e  A n e r o id . T h is  in s tru m e n t  c o n s is ts  e s s e n tia lly  o f  a 
sm a ll, h e rm e tica lly -s e a le d  m e ta ll ic  b o x ,  e x h a u s te d  o f  ali­
as c o m p le te ly  as p o s s ib le , so th a t  w h e n  th e  p re ssu re  o f  th e  
a tm o s p h e re  r ises  th e  top  o f  th e  b o x  is  f o r c e d  in w a rd s , a u d  
w h e n  it  fa lls  th e  to p  is  p u s h e d  o u tw a rd s  b y  m e a n s  o f  a 
s p r in g  a c t in g  in  o p p o s it io n  to  th e  v a c u u m  c h a m b e r . T h e  
c h a n g e s  in  sh a p e  o f  th e  v a c u u m  c h a m b e r  a re  c o m m u n i­
c a te d  b y  m e ch a n ism  to  a  h a n d  w h ic h  in d ic a te s  th e  in c re a s e  
o r  d e c re a s e  iu  p re s su re  o n  a  g r a d u a te d  d ia l. 1 h e se  in ­
s tru m e n ts  d o  n o t , o f  co u rse , in d ic a te  p re ssu re  a b s o lu te ly  a n d  
so  h a v e  to  b e  g r a d u a te d  e x p e r im e n ta lly . T h e y  are  u su a lly  
c o m p e n s a te d  f o r  te m p e ra tu re  b y  a  s p e c ia l  a rra n g e m e n t , 
a n d  d o  n o t , th e r e fo r e , r e q u ire  a te m p e ra tu re  c o r r e c t io n . 
H e a d in g s  o f  th e  m e rcu r ia l b a r o m e t e r ,i f  c o m p a r e d  w ith  th em , 
m u st first b e  r e d u c e d  to  32 ° F .  A s  a  m a tte r  o f  fa c t , 
h o w e v e r , th e re  is u su a lly  a n  e r ro r  o f  som e  so r t  in th e  r e a d ­
in g s  o f  an  a n e ro id , a u d  th e  in s tru m e n t s h o u ld  b e  c o m p a r e d  
fr o m  tim e  to  tim e  w ith  a s ta n d a rd  b a r o m e te r .*

A s  w ith  te m p e ra tu re , so  w ith  p re ssu re , th e r e  a re  ce r ta in  
c h a n g e s  w h ic h  a re  r e g u la r  o r  periodic a n d  o th e rs  w h ic h  
a re  ir r e g u la r  o r  non-periodic, th e  foV m er b e in g  k n o w n  as 
fluctuations, a n d  th e  la tte r  as undulations. T h u s , th e re  is 
a  d iu rn a l flu ctu a t io n  o f  th e  b a r o m e te r  in  In d ia , o f  a r e m a r k ­
a b ly  r e g u la r  c h a r a c te r . I t  is  d e s c r ib e d  la te r  a n d  is  i l lu s ­
tra te d  in  p la te  x ix . T h e r e  a re  a lso  m o n th ly  a n d  a n n u a l 
f lu c tu a t io n s . T h e s e  p e r io d ic , p re ssu re  c h a n g e s  b e a r  a  d is ­
t in c t  r e la t io n  to  th e  te m p e ra tu re  f lu ctu a t io n s  b e fo r e  d e s c r ib ­
e d , f  T h e  ca u se s  o f  th e  n o n -p e r io d ic  c h a n g e s  a re  so m e tim e s  
v e r y  e a s y  a n d  so m e tim e s  v e r y  d i f f ic u lt  to  tra ce . 1 h e y  are  
o f  e x tr e m e  im p o r ta n c e  in  c o n n e c t io n  w ith  w e a th e r  fo r e c a s t s  
b u t  d o  n o t  s p e c ia l ly  c o n c e r n  us h e re .

* For further information on the great precautions necessary to 
obtain anything like reliable readings from aneroid barometers under 
greatly varying pressures, v. How to use the Aneroid Barometerf by 
K. Wliymper.

+ i;. pp. 299, .300.
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B a r o m e tr ic  charts a re  m u ch  u se d  in  c o n n e c t io n  w ith  
w e a th e r  r e p o r ts . Iu  th e se  ch a r ts  p la c e s  w ith  th e  sam e 
p re s su re *  a re  c o n n e c te d  b y  lin e s  in d ic a t in g  e q u a l p re ssu re  
a n d  te rm e d  isobars. A s  a  r u le ,  th e  is o b a rs  s h o w  d if fe r ­
e n c e s  o f  0-1 in c h  in  th e  p re s su re . T h e  sp a ce  e n c lo s e d  
w ith in  a n  is o b a r  o f  lo w e s t  p re ssu re  is  te r m e d  a  barometric 
depression o r  minimum, a n d  th a t  s u r r o u n d e d  b y  au  is o b a r  
o f  h ig h e s t  p re s s u re  is  n a m e d  a  b a r o m e tr ic  elevation o r  
maximum. T h e  ra te  a t w h ic h  th e  p re ssu re  fa l ls  b e tw e e n  
a n y  tw o  p la c e s  is  t e r m e d  th e  barometric gradient, a n d  is  
u su a lly  e x p r e s s e d  b y  th e  d is ta n c e  in  w h ic h  th e  p re s su re  
fa lls  0 '1  i n c l i . f  I n  In d ia n  c h a r ts , h o w e v e r , as w ill  b e  
a fte r w a r d s  e x p la in e d , v e r y  s l ig h t  v a r ia t io n s  in  b a r o m e tr ic  
r e a d in g s  a re  so  im p o r ta n t  th a t  is o b a r s  a re  g iv e n  f o r  
d i f fe r e n c e s  o f  0 '0 5  in c h . I t s  v a lu e  in a n y  ca se  is e a s ily  
a s c e r ta in e d  b y  m e a s u r in g  to  s ca le  o n  a  w e a th e r  c h a r t  th e  
n u m b e r  o f  m ile s  b e tw e e n , e.g., a n  is o b a r  o f  2 9 '9 5  a n d  2 9 '8 5 , 
o r  a n y  o th e r s  w h e re  th e  d i f fe r e n c e  is  O T  o r  0 0 5  in ch .
W h e r e  th e  d is ta n c e  is  sm a ll a n d  th e  is o b a r s  r e la t iv e ly  n e a r  
o n e  a n o th e r , th e  g r a d ie n t  is  sa id  to  b e  steep a n d  vice versa. 
I s o b a r s  a re  t h e r e fo r e  s t r ic t ly  c o m p a r a b le  to  th e  c o n to u r  
lin e s  u sed  b y  s u r v e y o rs  a n d  o th e rs  to  in d ic a te  p o in ts  o f  
e q u a l a lt itu d e , th e  c o n to u r  lin e s  b e in g  c lo s e ly  p la c e d  o r  
d is ta n t  a c c o r d in g  as th e  g r a d ie n t  o f  th e  in te r v e n in g  g r o u n d  
is  s te e p  o r  th e  re v e rs e . E x a m p le s  o f  b a r o m e tr ic  ch a r ts  
i l lu s tr a t in g  th e  a b o v e  p o in ts  w ill b e  fo u n d  in p la te  x x .

The Calculation o f Heights by Means of the Barom eter.—  
P re ss u re  d im in is h e s  as w e  a s c e n d  a b o v e  s e a - le v e l  b e ca u se  
th e  q u a n t ity  o f  a ir  a b o v e  u s  b e c o m e s  less  ; b u t  n o t  u n i­
fo r m ly ,  b e c a u s e  th e  a tm o s p h e re  is -le s s  d e n s e  in  p r o p o r t io n  
t o  e le v a t io n . T h e  g r e a te r  th e  h e ig h t  a b o v e  th e  se a  th e  
g r e a te r  m u st b e  th e  n u m b e r  o f  fe e t  to  b e  a s c e n d e d  in  o r d e r  
t o  p r o d u c e  a g iv e n  d e p r e s s io n  o f  th e  m e rcu r ia l c o lu m n .
T h e s e  fa c t s  a re  i l lu s tr a te d  b y  th e  f o l lo w in g  ta b le , w h ich  
a f fo r d s  a  r o u g h  m e th o d  o f  m e a s u r in g  h e ig h ts . T h e  d iffe r -

# i .e . , after the local barometer reading has been col lected and reduced 
to sea level.

f  Sometimes, by the decrease in pressure per 100 miles.
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e n ce  b e tw e e n  r e d u c e d  r e a d in g s  b e fo r e  a n d  a fte r  a s ce n t  
g iv e s  th e  d e p r e s s io n ; a n d  th e  n u m b e r  o f  fe e t  c o r r e s p o n d in g  
is  c o r r e c t e d  f o r  te m p e ra tu re  b y  m u lt ip ly in g  it  b y

1 + t ± ± ^ - ! } t a n d  t' b e in g  tb e  te m p e ra tu re s  o f  tb e

p o in ts  le f t  a n d  re a ch e d .

T able for R ough M easurement of H eights.

D e p r e s s io n  o f  M e r c u r y
in  In c h e s . A s c e n t  in

----------------------------------— —  fe e t .
F ro m  T o

31 30  857
30  29  886
29 28  918
28  27 951
27  2 6  9 8 6
26 25  1 ,025
25  2 4  1 ,068
2 4  2 3  '  1 ,113
23  22 1 ,161
22 21 1 ,216
21 2 0  1 ,276
20  19 1,341
19 18 1 ,413

A s  th is  m e th o d  a ssu m es  th a t  te m p e r a tu r e  a n d  p re ssu re  
re m a in  c o n s ta n t  a t e a c h  p o in t  d u r in g  th e  a s c e n t , i t  is  
o b v io u s ly  u n s u ite d  t o  ca se s  w h e r e  a c c u r a te  m e a su re m e n t  
is  r e q u ir e d . F o r  th is  p u r p o s e  p r e c is e ly  s im u lta n e o u s  
r e a d in g s  o f  tw o  g o o d  b a r o m e te r s , a t  th e  tw o  p o in ts  th e  
d i f fe r e n c e  b e tw e e n  w h o s e  h e ig h ts  a b o v e  sea  le v e l  is  to  b e  
a s c e r ta in e d , a re  d e s ir a b le . I f  th is  is  im p r a c t ic a b le  th e  
b a r o m e te r  s h o u ld  b e  c a r e fu l ly  c o m p a r e d  b e fo r e  s ta r t in g  
a n d  a fte r  r e tu rn  w ith  th a t  in  th e  n e a re s t  M e te o r o lo g ic a l  
S ta t io n , a n d  th e  r e g u la r  o b s e r v a t io n s  m a d e  a t th e  la t te r  
c o m p a r e d  w ith  th e  t r a v e l le r ’ s. B e s id e s  n ot in g  th e  a t ta c h e d  
th e r m o m e te r  f o r  r e d u c t io n , th e  in d ic a t io n s  o f  a n  a c c u r a te  
th e rm o m e te r  f r e e ly  e x p o s e d  in  th e  sh a d e  a re  to  b e

' CV \
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r e c o r d e d .*  I f  tire p la ce s  are  o u ly  a fe w  m iles  a su n d er , tw o  
o r  fcliree r e a d in g s  a re  g e n e ra lly  s u f f ic ie n t ;  i f  th e  in te r v a l 
h e  c o n s id e r a b le , h a lf -m o n th ly  m ea n s  sh o u ld  b e  c o m p a re d .
F r o m  th e se  d a ta  a n d  th e  T a b le  fo l lo w in g  d iffe re n ce s  in  
h e ig h t  ca n  b e  c a lc u la te d  w ith  a lm o st  a b s o lu te  a c c u r a c y . .

Table for Calculating Heights.

CD * r l  ©  Q  Cj ©  Q) • r* < D .

© © o  j  s © © I ^  3 ® o  • a
a 2 5 ®  2 a s  5  © © P i  ■£ © ©
gw  jg g-5 • .Sf-to j2 P-a .tog 8g o  ®M *g ;  u ■ « rt «  g o i 5 sa
R H Q «  * I W n  r   ̂ , W q

22'0 9,347 124 25-0 5,863 109 28 0 2,774 97 -
22 1 9,223 123 25 1 5,754 108 28 1 2.677 97
22-2 9,100 122 ^5 ‘2 5.616 108 28’2 2,580 96
22-3 8,978 122 25 3 5.538 108 283 2,484 96
22-4 8,856 122 254 5,430 107 28‘4 2,388 96

22-5 8,734 120 25 5 5,323 106 28'5 2,292 96
22-6 8,614 "120 258 5,217 106 286 2,196 95
22-7 8,494 120 25 7 5,111 106 287 2,101 95
22-8 8,374 119 25-8 5,005 106 288 2,006 94
22- 9 8,255 119 25 9 4,899 105 289 1,912 94

23 0 8,136 118 26-0 4,794 105 290 1,818 94
23- 1 8,018 118 26-1 4,689 104 29 1 1,724 94
23 2 7,900 117 26 2 4,585 104 29 2 1,630 93
233 7,783 117 26 3 4,481 103 298 ! 1,537 93
23-4 7,666 116 26 4 4,378 103 29’4 1,444 92

23-5 7,550 116 26 5 4,275 103 295 1,352 92
23-6 7,434 115 26 6 1 4,172 102 298 1,260 92
23 7 7,319 115 26 7 4.070 102 29 7 1,168 92
238 7,204 114 268 3.968 102 298 1,076 91
23- 9 i 7,090 114 269 3,866 101 29 9 985 91

240 ! 6,976 113 27 8  1 3,765 101 308 894 91
24- 1 1 6,863 113 27 1 I 3,664 100 30’1 803 90
24-2 6,750 113 27 2 3,564 100 308 713 90
24-3 i 6,637 112 278 3,464 100 30 3 623 90
244 ' 6.525 112 27 4 3,364 99 304 533 90

I 1
24-5 6,413 111 275 3,265 " 99 305 443 89
246 i 6,302 110 27 6 3,166 98 308 354 89
24-7 | 6,192 110 277 3,068 98 307 265 89
24-8 6,082 110 278 ! 2,970 9S 30 8 176 88
248 5,972 109 27 9 , 2,872 98 308 88 88

# In practice this temperature is best got by swinging a thermometer 
rapidly round at the end of a string 2 or 3 feet long till it reaches a steady 
temperature. The thermometer used has a glass ring at one end to allow 
of its being attached to a string and is known as a thermomdtre a fronde or 
‘ sling’ thermometer, and the temperature so obtained, after a few swings 
of the instrument, is very nearly accurate.
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T lie  fo l lo w in g  e x a m p le  (ta k e n , w it li  t lie  ta b le , f r o m  M r .
P o g s o n ’ s Meteorological Reduction Tables) w ill  e x p la in  tb e  
m e th o d  o f  p r o c e d u r e . T h e  b a r o m e te r  in d ica t io n s  h a v in g  
b e e n  r e d u c e d  to  3 2 ° , the d i f fe r e n c e  b e tw e e n  th e  c o r r e s ­
p o n d in g  h e ig h ts , as fo u n d  in  th e  ta b le , is  c o r r e c te d  f o r  
t e m p e r a t u r e ; th e  c o r r e c t io n  fa c t o r  b e in g  th e  su m  o f  th e  
sh a d e  te m p e ra tu re s  a t th e  tw o  p la c e s  a n d  9 0 0 , d iv id e d  b y
1 , 000, w h ic h  is  m u lt ip lie d  in to  th e  ta b u la r  d if fe r e n c e  
b e tw e e n  th e  h e ig h ts . T h u s , a t Y e r c a u d  o n  th e  2 7 tli 
M a r c h  1 8 6 9 , C a p ta in  E d g c o m e , R .E .,  t o o k  th re e  o b s e r v a ­
tion s , a t 9 -3 0  a .m ., 1 2 -3 0  p .m ., a n d  4 -3 0  p .m . T h e  r e d u c e d  
r e a d in g s  a n d  c o r r e s p o n d in g  te m p e ra tu re s  in  sh a d e  w e r e —

25  *42 25 4 1  25 -33
7 4 ° '0 0  7 6 o,50  77°-00

T h e  m ea n s  w e re  2 5 -3 8 7  a n d  7 5 0,8 . B y  a p p ly in g  su ita b le  
c o r r e c t io n s  to  th e  o b s e r v a t io n s  m a d e  a t S a lem  o n  th e  sam e 
d a y  th e  r e d u c e d  m ea n  b a r o m e te r  r e a d in g  fo r  th e  sam e 
h o u rs  w as fo u n d  to  b e  2 8 '9 8 7  a n d  th e  c o r r e s p o n d in g  
te m p e ra tu re  9 7 °T  F .  W e  h a v e  th e r e fo r e  f o r  c o m p a r is o n —

Barometer. Thermometer,
Y e r c a u d  . . .  . . .  2 5 -3 8 7  7 5 c,8
S a le m  .................... 2 8 '9 8 7  9 7 °T

T lie  c o r r e s p o n d in g  h e ig h ts  as fo u n d  fr o m  th e  T a b le  are 
5 ,4 4 4  a n d  1 ,8 3 0  f e e t *  g iv in g  a  d if fe r e n c e  o f  3 ,6 1 4 . T h e  
su m  o f  th e  te m p e r a tu r e s , phis  9 0 0 , is  1 0 7 2 -9 ;  g iv in g ,  w h e n  
d iv id e d  b y  1 ,0 0 0 , a  c o r r e c t io n  P 0 7 2 9 . T h is  m u lt ip lie d  b y  
3 ,6 1 4  is  3 ,8 7 7  fe e t , th e  h e ig h t  o f  Y e r c a u d  a b o v e  S a le m .

Atmospheric Pressure Changes in  In d ia .— I n  th e  sa m e  
w a y  as th e  m ea n  d a ily  te m p e ra tu re  is  o b ta in e d  fr o m  th e  
r e a d in g s  o f  th e rm o m e te rs  w ith  a c e r ta in  c o r r e c t io n  a p p lie d , 
th e  M ea n  D a i ly  P r e s s u re  o f  th e  A tm o s p h e r e  is  d e d u c e d  
f r o m  th e  r e c o r d e d  b a r o m e tr ic  r e a d in g s  a t 8 a .m ,, 10 a .m ., 
a n d  4  p .m ., a n d  th e  a p p lic a t io n  o f  c e r ta in  c o r r e c t io n s .

* Tn tlie Table 25'3 corresponds to 5,538, from which is subtracted 0'87 
of 108, the number fonml in the "difference” column. 87 x T08 =  93’96 ; 
which, taken from 5,536 leaves 5,444-14.' So 289 gives 1,812— 0'94 xS7 —
1,012 — 81-78 =  1,830-22,
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T liis  m e th o d  is  n o t  a p p lic a b le  e x c e p t  a t s ta t io n s  w h e re  th e  
a v e r a g e  v a lu e  o f  th e  r e a d in g s  h as b e e n  a lr e a d y  a sce r ta in e d  
f o r  s e v e ra l y e a r s  : in  o th e r  ca ses  th e  tru e  m ean  d a ily  p re ssu re  
ca n  o n ly  b e  fo u n d  b j r d iv id in g  th e  sum  o f  th e  h o u r ly  r e a d ­
in g s  b y  2 4 . T h e  M e a n  M o n th ly  o r  H a lf -M o n t h ly  P re ss u re  
a n d  th e  M e a n  A n n u a l  P r e s s u re  a re  o b ta in e d  in  th e  sam e 
w a y  as th e  c o r r e s p o n d in g ' te m p e ra tu re  m e a n s .*  A s  th e  
in te re s t  o f  b a r o m e tr ic  o b s e r v a t io n s , e x c e p t  a t g r e a t  a lt itu d e s , 
is  c h ie fly  c o n fin e d  to  w e a th e r  fo r e c a s t s  a n d  th e  p h y s ic s  
o f  th e  a tm o s p h e r e  it  is  n o t  n e c e s s a ry  to  d is cu s s  th e ir  s ig n i­
f ic a n ce  in  d e ta il  h e re . O n e  m a r k e d  p e c u lia r ity  in  th is  
c o u n tr y  is  th e  smallness o f the variations  iu  th e  r e a d in g s  
e x c e p t  u n d e r  v e r y  e x c e p t io n a l  c o n d it io n s . T h e  D iu rn a l 
flu c tu a t io n  is  r e m a r k a b ly  r e g u la r  a n d  is  as fo l lo w s  : F r o m
4  a.m. t ill  9 -3 0  a.m. th e  p re s s u re  r ise s  to  its  m a x im u m  ; 
fa lls  t i l l  a b o u t  4 -3 0  p.m. ;  r ise s  a g a in  till 1 0  p.m. ; a n d , 
f in a lly , fa l ls  t i l l  3  o r  4  a.m. T h e  w h o le  c h a n g e  o n ly  
a m ou n ts  to  a b o u t  0’ 1 in c h , a n d  b e a rs  n o  r e la t io n  to  th e  
p r e v a i l in g  w e a th e r . I t s  im p o r ta n c e  a r ise s  f r o m  th e  fa c t  
th a t  th e  c h a n g e s  o r  u n d u la t io n s  d u e  to a lte ra t io n  iu  th e  
w ea th er ’ a re  in  th e m s e lv e s  o f  v e r y  sm a ll a m o u n t  in  In d ia  
a n d  m is ta k e s  w ill  a r ise  u n less th e  d iu rn a l f lu c tu a t io n  is  
d is c o u n te d . T h e  A n n u a l f lu ctu a t io n s  o f  th e  p re s su re  iu  
d if fe r e n t  p a r ts  o f  I n d ia  o n ly  a m o u n t  t o  a b o u t  0 T  in c h  to  
0 6  in c h , p r o c e e d in g  u p w a r d  f r o m  C e y lo n  to  th e  P u n ja b .t

F r o m  w h a t  has b e e n  sa id  a b o v e , a n d  p r e v io u s l j ’ , i t  fo l lo w s  
th a t  u n til th e  c a v e r a g e  v a lu e ’  o f  a n y  p la c e  h a s  b e e n  fa ir ly  
w e ll  a s c e r ta in e d , a  s in g le  r e a d in g  o f  th e  b a r o m e te r  w ill  n o t  
g iv e  a n y  t r u s tw o r th y  in fo rm a t io n  r e g a r d in g  th e  w e a th e r .
I n  o th e r  w o r d s , th e  e le v a t io n  a t w h ic h  th e  c is te r n  o f  
th e  b a r o m e te r  h a n g s  m u st b e  k n o w n  to  w ith in  a  fo o t  
o r  tw o , th e  d a ily  a n d  se a so n a l f lu c tu a t io n s  a llo w e d  fo r ,  as 
a lso  th e  d a i ly  c h a n g e  in  te m p e ra tu re , w h ic h  m a y  a m o u n t 
to  b e tw e e n  3 (F  a n d  40° F .  a n d  a ffe c ts  th e  b a ro m e te r  r e a d in g  
to  a  c o r r e s p o n d in g  d e g r e e .  In  a d d it io n , o f  c o u r s e , th e

* v. p. 301.
+ v. Table of average monthly leadings nt various stations. Bluudford, 

op, cit, Appendix I.
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n e ce ssa ry  in d e x  a n d  c a p il la r ity  o r  o th e r  c o r r e c t io n s  p e c u ­
l ia r  to  th e  in s tru m e n t  m u st a lso  b e  a p p lie d . S u p p o s in g  
th a t  a ll su ch  d a ta  a re  a v a ila b le  a n d  h a v e  b e e n  m a d e  u se  
o f , a  fa ll  o f  e.g., 0 3  in c h  b e lo w  th e  a v e r a g e  o f  th e  t im e  a n d  
p la c e  is s t r o n g ly  in d ic a t iv e  o f  v e r y  d is tu r b e d  w e a th e r  a n d  it  
is  o n ly  in  v io le n t  c y c lo n e s  a u d  in  th e  v ic in it y  o f  the s to rm ’ s 
c e n tr e  th a t  th is  a m o u n t is v e r y  g r e a t ly  e x c e e d e d . I n  th e  
c e n tr e  o f  su ch  a  s to rm  th e  p re s s u re  m a y  r a p id ly  fa ll  
2 in ch e s  b e lo w  th e  a v e r a g e  o f  th e  p la c e  a n d  tim e  o f  y e a r .*

O f m u ch  g r e a te r  v a lu e  th a u  th e  in fo r m a t io n  a f fo r d e d  b y  
a  s in g le  r e a d in g  a t on e  tim e  a n d  p la c e , is  th a t  n o w  m a d e  
a v a ila b le  b y  m ea n s o f  te le g r a p h ic  w e a th e r  r e p o r ts  fr o m  
v a r io u s  p a rts  o f  In d ia . B y  th is  la t te r  m e a n s  a  v e r y  
c o r r e c t  id e a  o f  th e  e x is t in g  p re ssu re  c o n d it io n s  o v e r  th e  
In d ia n  E m p ire  a t a n y  tim e  ca n  b e  o b ta in e d . “  P r im a r ily ,”  
sa y s  B la n d fo r d , “  i t  is som e  d if fe r e n c e  in  th e  p re ssu re s  o f  
d i f fe r e n t  .p a r ts  o f  th e  c o u n tr y  a n d  th e  s u r r o u n d in g  seas 
th a t  d e te rm in e s  th e  co u rse  o f  th e  w in d s , a n d  it  is  th e  
c h a r a c te r  o f  th e  w in d s  as d a m p  o r  d r y  th a t  d e te rm in e s  
th a t  o f  th e  w e a th e r . T h e  p la c e  w h e re  th e  p re s su re  is  lea st, 
o r  in  o th e r  w o r d s , w h e r e  th e  b a r o m e te r  s ta n d s  lo w e s t , is 
u su a lly  te rm e d  a  barometric depression o r  minimum ,+  a n d  
th e  im m e d ia te  n e ig h b o u r h o o d  o f  th is  d e p r e s s io n  is  th e  
p la c e  w h e re  ra in  is  m o s t  l ik e ly , a n d  w h e r e  it  fa l ls  m o st  
a b u n d a n t ly . T h e  la s t  s ta tem en t is , in d e e d , n o t  to  b e  ta k en  
w ith o u t  som e  q u a lifica tio n , b u t  th e  e x c e p t io n s  a re  r e a d ily  
r e c o g u i s a b le : as a g e n e r a l r u le , th e  m a x im  h o ld s  g o o d . ”

CIRCULATION OF THE ATMOSPHERE— WIND.
I t  w o u ld  b e  b e y o n d  th e  s c o p e  a n d  o b je c t  o f  th is  w o r k  

t o  d is cu s s  in  a n y  d e ta il  th e  ca u se s  a n d  n a tu re  o f  th e  v a r io u s  
m o v e m e n ts  o f  th e  a tm o s p h e r e  c la ss ifie d  u n d e r  th e  g e n e r ic  
n a m e  o f  w in d . O n ly  th e  m e re s t  o u t lin e  o f  th e  s u b je c t  
ca n  b e  g iv e n  h e re  : f o r  fu l le r  in fo rm a t io n , th e  s tu d e n t  
m u st c o n s u lt  s p e c ia l  w o rk s .J

* Blandford. f Vi p. 3 5 4 , and p. 363.
t Mill, op. cit.; Elementary Meteorology, R. H. Scott; Blandford opera 

cit ; Popular Treatise on the Winds, W. Ferre l; etc., etc,
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A s  b e fo r e  m e n tio n e d , v a r ia t io n s  in  tlie  a tm o s p h e r ic  
p re s su re  d e p e n d  p r im a r ily  o n  te m p e ra tu re  c h a n g e s  a n d , to 
a le s se r  d e g r e e , o n  th e  a m o u n t o f  w a te r  v a p o u r  p re s e n t  a t 
a n y  g iv e n  tim e , w h ils t  th e  p re s su re  v a r ia t io n s  th e m s e lv e s  
a re  th e  im m e d ia te  ca u se  o f  th e  m o v e m e n ts  o f  th e  a ir  k n o w n  
as w in d s . W in d s  h a v e  b e e n  c la ss ified , as (1 ) P e rm a n e n t  
W in d s ,  (2) P e r io d ic a l  W in d s ,  a n d  (3) th e  V a r ia b le  W in d s  o f  
h ig h  la t itu d e s . I t  is  th o s e  o f  th e  s e c o n d  c la ss , th e  s o -c a l le d  
p e r io d ic a l  w in d s , w h ic h  c h ie fly  c o n c e r n  us h ere .

T h e  g e n e r a l c ir c u la t io n  o f  th e  a tm o s p h e re  is  b r o u g h t  
a b o u t  as fo l lo w s  : In  th e  in te r t r o p ica l  r e g io n , e x te n d in g  
fr o m  a b o u t  la t . 2 0 ° N . t o  la t . 20 ° S ., a n d  e s p e c ia l ly  o v e r  
th e  r e g io n  o f  th e  e q u a to r , th e  a ir  is  c o n s ta n t ly  b e in g  
s t r o n g ly  h e a te d  b y  so la r  ra d ia t io n *  an d , as a c o n s e q u e n c e , 
th e  p re s su re  is  d im in is h e d  a n d  th e  h e a te d  a ir  r is e s .t  A t  
th e  p o la r  r e g io n s , o n  th e  o th e r  h a n d , th e  a ir  r e c e iv e s  b u t  
lit t le  h e a t  f r o m  so la r  ra d ia t io n  w h ils t  a la r g e  a jn o u n t o f  
h e a t  is  r a d ia te d  in to  s p a ce  d u r in g  th e  l o n g  d a r k  w in te r  
p e r io d . H e r e , c o n s e q u e n t ly , th e  a ir  b e c o m e s  c h i l le d  a n d

* u p. 286.f “ If we imagine a column of air conhned in a chimney, extending above 
the limit of the atmosphere, and, therefore, only able to expand in a vertical 
direction, and if we apply heat from below, the total weight will be 
unchanged, ns no air can escape from the chimney laterally ; while at any 
section taken above the base, a greater amount of air will be above that 
level when the column is heated than when it is at its ordinary frunper- ature, and the pressure at such upper section will bo increased. We can 
prove that this action really goes on in the atmosphere by the following 
comparison of the monthly mean readings at different levels in winter 
and summer : Pressure. 

r-------'---- “—apjace. Elevation, January, July, Difference,Feet. Inches. Inches. Inches.
Geneva ... ... l,33o 28‘6b 28'06 0*00
Great St. Bernard ... 8,174 22-11 22 39 0 28
Col. St. Theodule ... 10,899 19'77 20 16 0’39
This shows that while at the lowest of these stations the pressure was 

the same in January as in July, the increase from the former to the latter 
month was augmented with the altitude of the station, and at the level of 
11,000 feet was as much as 0'39 inches, nearly of its total amount.”
Thus, “ the atmosphere will stand highest over the equatorial regions, as 
the district where the air is most expanded by the action of heat, etc., and 
accordingly the pressure in the upper levels in low latitudes will be greater 
than at an equal elevation above the earth’s surface iu hi&h latitudes,”
Scott, op. cit.
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d en ser , a n d  d e s ce n d s  to w a rd s  th e  s u r fa c e . A s  a resu lt  o f  
th e  h e a t in g  a n d  e x p a n s io n  o f  th e  a ir  a t  lo w  la t itu d e s , n ea r  
th e  e q u a to r , th e  p ressu re  a t th e  u p p e r  le v e l  o f  th e  a tm o s ­
p h e re  is  r e la t iv e ly  h ig h  a n d , c o n v e r s e ly , a t  h ig h  la titu d es  
th e  p ressu re  o f  th e  u p p e r  le v e ls  is  r e la t iv e ly  lo w . N o w , th e  
a tm o s p h e r ic  p re ssu re  is  c o n s ta n t ly  tending to  a tta in  an  
e q u ilib r iu m . C o n s e q u e n t ly , th e  h e a te d  u p p e r  stra ta  o f  a ir  
fr o m  th e  e q u a to r ia l r e g io n  a re  se t in  m o t io n  to w a r d s  th e  
p o le s , b lo w in g  s p ir a lly  as a  W .S .W .  w in d  in  th e  n o rth e rn  
h e m is p h e re  a n d  as a  W .N .W .  w in d  in  th e  s o u th e rn  h e m i­
sp h e re , w h ils t  th e  c o o le r  a n d  d e n s e r  a ir  fr o m  th e  p o la r  
r e g io n s  te n d s  to  b e  d r iv e n  to w a r d s  th e  e q u a to r  as  a  N .E . 
w in d  in  th e  n o r th e rn  h e m isp h e re , a n d  a  S .E . w in d  in  th e  
so u th e rn  h e m isp h e re .

T h e  a b o v e  m a y  b e  c a l le d  th e  th e o r e t ic a l  c ir c u la t io n  o f  
th e  a tm o s p h e re . F ro m  o b s e r v a t io n  it  h a s  b e e n  a s c e r ta in e d  
th a t  th e  u p p e r  cu rre n ts  d e s c e n d  to  th e  s u r fa c e  o f  th e  
e a r th  a t a b o u t  la t . 20  — 30° N . a n d  S ., th e  re su lt  b e in g  
an  in c re a s e d  p re s su re  a n d  th e  p r o d u c t io n  o f  a  r e g io n  o f  
c a lm *  a t th e se  la t itu d e s  in  b o th  h e m is p h e r e s — th e  ca lm s  
o f  C a n ce r  a n d  C a p r ic o r n . F r o m  th e  r e g io n s  o f  th e se  
ca lm s , th e  T r a d e -W in d s , as th e y  a re  c a l le d  on  a c c o u n t  o f  
th e ir  s te a d in e ss  o f  d ir e c t io n , b lo w  to w a r d s  th e  e q u a to r .
T h e ir  p r im a r y  c o u r s e s  a re  s o u th w a r d  in  th e  n o r th e r n  h e m i­
sp h e re  a n d  n o r th w a r d  in  th e  so u th e rn  ; b u t  as t h e y  r e a c h  in  
s u c c e s s io n  p a r ts  o f  th e  e a r th ’ s s u r fa c e  w h ic h  r o ta te  e a s t - 
w a r d ly  w ith  g r e a t e r  v e lo c i t y  th a n  th a t  w ith  w h ic h  th e y , 
m o v in g  e a s tw a rd  a t th e  ra te  o f  c ir c u m p o la r  r o ta t io n  o n ly , 
a re  t r a v e l l in g ,  th e y  a.re, as it  w e re , le f t  b e h in d  b y  th e  
in te r t r o p ic a l  s u r fa c e , w ith  th e  a p p a re n t  e f fe c t  o f  m a k in g  
th e m  n o r th -e a s te r ly  in  th e  n o r th e rn  a n d  s o u th -e a s te r ly  in  
th e  so u th e rn  h e m is p h e re . N e a r  th e  e q u a to r  is  th e  z o n e  o f  
ca lm , o f  v a r y in g  d e g r e e s  o f  w id th  a c c o r d in g  to  th e  sea son , 
te r m e d  in  fo r m e r  d a y s  th e  Doldrums, a n d  m u ch  d r e a d e d  
h y  sa ilo rs  on  a c c o u n t  o f  th e  a b s e n ce  o f  w in d  a n d  r e s u lt ­
in g  lo ss  o f  t im e  a n d  p r o b a b le  i ll-h e a lth  o f  th e  c re w .

* With exceptions where the conditions are disturbed by local heatincr 
of the earth’s surface. * h
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T h u s th ere  is  a cen tra l o r  eq u atoria l r e g io n  o f  ca lm  
tow a rd s  w h ich  th e  N .E . and  S .E . tra d e  w in d s  b lo w , w h ilst 
b e y o n d  th ese  la tte r  com e  th e  trop ica l be lts  o f  h ig h  p ressu re , 
th e  ca lm s o f  C a n cer  an d  C a p r ico rn , as b e fo re  e x p la in e d . 
“ T h e  tro p ica l r e g io n s  sw ep t b y  the e q u a to r -se e k in g  (trade) 
w in d s  are  w in d y , h o t , c lo u d le ss , b u t  the scen e  o f  g re a t  ev a ­
p ora tion  fr o m  th e  h o t  sea  su rfa ce . T h e  n arrow  eq u a tor ia l 
b e lt  o f  low  p ressu re  in to  w h ich  th e  e q u a to r -se e k in g  w in ds 
b lo w  fro m  n orth  an d  sou th  is a lso  a r e g io n  o f  ca lm . T h e  
a ir  as it  a scen d s h ere  ex p a u d s , co o ls , a n d  th e  en orm ou s 
su p p ly  o f  v a p o u r  sw ep t in  fr o m  th e  tro p ic s , con d en ses  in to  
th e  h ea v ies t  c lo u d , an d  fa lls  as d e lu g es  o f  n e v e r -c e a s in g  
ra in . T h e  h ea t lib e ra te d  b y  th e  con d e n sa tio n  o f  so m u ch  
v a p o u r  s tre n g th e n s  th e  e q u a tor ia l u p -d ra u g h t . T h e  eq u a ­
to r ia l b e lt  o f .  lo w  pressu re  a lw a y s  lies  n earl y  u n d e r  the 
v e r t ica l sun , co n se q u e n tly  in  th e  n o rth e rn  su m m er it 
sw in g s  to  th e  n orth , a n d  in the sou th ern  su m m er it sw in g s  
to  th e  sou th , d is p la c in g  th e  b e lts  o f  tro p ica l h ig h  p ressu re  
n o r th w a rd  a n d  sou th w a rd  a lte rn a te ly . F o r  rea son s  w h ich  
ca n n o t b e  e x p la in e d  h ere , th is  d isp la ce m e n t is c o m p a r a ­
t iv e ly  s lig h t , e x te n d in g  o v e r  o n ly  five  o r  s ix  d e g re e s  o f  
la titu d e . A l l  p a rts  o f  th e  e a r th 's  s u r fa ce  th a t th e  e q u a ­
to r ia l ra in -b e lt  tra v erses  in its annual m ov e m e n t e x p e r ie n ce  
a ra in y  season  as it  lie s  o v e r  th em , an d  a d ry  season  all 
th e  re s t  o f  th e  y e a r , w h en  sw ep t b y  the e q u a to r -se e k in g  
w in d s . N e a r  th e  e q u a tor , w h e re  th e  n a rrow  ra in -b e lt  
crosses  a tra c t  o f  th e  earth  b oth  in its n o r th w a rd  and  in 
its  sou th w a rd  sw in g , th e re  are tw o  w et a n d  tw o dry  seasons 
in  th e  y ea r . T h e  th e o re t ica l c ir cu la t io n  o f  th e  a ir  an d  its 
r e su lt in g  c lim a tes  are a ffe c te d  b y  tw o  ca u ses , u n eq u a l h e a t­
in g  o f  th e  a ir  b y  la n d  a n d  sea  su r fa ce s , a n d  th e  d e fle c t io n  o f  
th e  p r e v a ilin g  w in d s  b y  p la teau  e d g e s  an d  m ou n ta in  ra n g es . 
C o n se q u e n tly , r e g u la r  zon es  o f  su rfa ce  w in d s  an d  c lim a tes  
a re  fo u n d  o n ly  in  g re a t  e x p a n ses  o f  o cea n , a u d  d o  n o t  
a p p e a r  in  n a rrow  seas o r  on  la n d ." *

C y c lo n e s  h a v e  a lre a d y  b e e n  a llu d ed  to  in co n n e ct io n  

* Mill, op. cit.

1 .  *  • . 1  • v. ■ v
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w ith  th e  s u b je c t  o f  a tm o s p h e r ic  p re s su re . T h e  te rm  w a s  
fo r m e r ly  u s e d  to  d e n o te  a  p a r t icu la r  k in d  o f  s to rm  o f  g r e a t  
v io le n c e  o c c u r r in g  c h ie fly  w ith in  th e  tr o p ic s . A t  th e  
p r e s e n t  tim e, h o w e v e r , i t  is  a p p l ie d  to d e n o te  th e  sy s te m  o f  

, w in d s  ro u n d  a  b a r o m e tr ic  d e p r e s s io n — a cyclonic system—  
th e  re v e rs e  c o n d it io n , th e  sy s te m  o f  w in d s  r o u n d  a  b a r o ­
m e tr ic  m a x im u m , b e in g  te rm e d  an  anticyclonic system.
T h e  te rm , w h ic h  lite ra lly  m ea n s a  c ir c le , is  ra th e r  m is le a d ­
in g  f o r  it is  n o w  k n o w n  th at th e  w in d  b lo w s  in  converging 
spirals  to w a rd s  th e  r e g io n  o f  lo w  p ressu re , its  s tre n g th  
d e p e n d in g  o n  th e  s teep n ess  o r  th e  r e v e rs e  o f  th e  p re s su re  
g r a d ie u t .*  In  th e  n o r th e rn  h e m isp h e re  th e  d ir e c t io n  o f  
th e  sp ira ls  is o p p o s ite  to  th a t  o f  th e  h a n d s  o f  a  w a tch , in  
th e  so u th e rn  h e m isp h e re  th e  d ir e c t io n  is th e  sam e. I n  
sp ite  o f  th e  fa c t  th a t  th e  a ir  is r u s h in g  to w a r d s  th e  c e n tr e  o f  
th e  c y c lo n e , th e  la t te r  rem a in s  th e  p o in t  o f  lo w e s t  p re s su re , 
a n d  th u s it  is e v id e n t  th a t  th e  a ir  m u st r ise  in  th e  ce n tre  
a n d  flow  o u t  a b o v e , so  th a t a b o v e  th e  c y c lo n e ,  th e re  is  an  
a n t ic y c lo n e  o f  h ig h  p re s s u re  w ith  o u tw a r d  f lo w in g  w in d s .
I n  an  a n t ic y c lo n ic  sy s te m  th e  c o n d it io n s  o f  th in g s  is  e x a c t ly  
r e v e rs e d , b o th  as t o  th e  d ir e c t io n  o f  th e  w in d  a n d  th e  r e la ­
tion s  o f  p re ssu re . F r o m  th e  u p p e r  r e g io n s  o f  th e  a tm o s p h e re  
a ir  m o v e s  in  a n d  s in k s  d o w n w a r d  to  s u p p ly  th e  p la c e  o f  
th a t  p a s s in g  o u t  as s u r fa c e  w iu d s , so  th a t  th e  p re s su re  a b o v e  
th e  b a r o m e tr ic  m a x im u m  o f  th e  a n t ic y c lo n e  is  r e la t iv e ly  
lo w e r  th au  th e  p re s s u re  in  th e  n e ig h b o u r in g  u p p e r  r e g io n s  
o f  th e  a tm o s p h e re . In  a n  a n t ic y c lo n e  th e  w in d s  a re  
u su a lly  l ig h t  a n d  v a r ia b le  a n d  th e  w e a th e r  f r e q u e n t ly  
p le a sa n t.

O f  o th e r  w in d s , th e  s o -c a l le d  s o u th -w e s t  a n d  n o r th -e a s t  
m o n so o u s , la n d  a n d  sea  b re e z e s , e t c .,  th e  co n s id e r a t io n  m u st 
b e  le f t  t ill  th e  s e c t io n  on  w in d  o b s e r v a t io n s  in  In d ia .

Effect of W ind  upon Health.— T h e  in flu e n ce  u p o n  h e a lth  
e x e r c is e d  b y  w in d s  is a d u a l on e  a u d  is d iv is ib le  in to  ( 1 ) I t s  
g e n e r a l  in flu e n ce  u p on  a co m m u n ity  ; a n d  (2) I t s  in flu e n ce  
u p o n  in d iv id u a l h u m an  b e in g s .

■ e°ix
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U n d e r  th e  fo r m e r  h e a d in g  co m e s  th e  G en era l A c t io n  o f  
th e  w in d  w h e re b y  th e  a ir  in  a tow n  o r  o th e r  p la c e  is p r e ­
v e n te d  fr o m  s ta g n a t in g , th e  p o llu te d  a ir  b e in g  r e p la c e d  b y  
p u re  a ir . In  o th e r  w o rd s , th e  f e x te rn a l v e n tila t io n  ’ o f  an y  
p la c e  is ch ie fly  c a r r ie d  on  b y  th is m ea n s, a id e d , o f  cou rse , 
b y  c ir c u la t io n , e tc ., as b e fo r e  d e s c r ib e d .*  * * § W it h  r e g a r d  to  
th e  r e la t io n s h ip  b e tw e e n  w in d  a n d  th e  in cre a se  o r  d e cre a se  
o f  c e r ta in  d isea ses , th ere  is  litt le  d o u b t  th a t  u n d e r  v a r y in g  
c ir cu m s ta n ce s  th e  la tte r  m a y  b e  d iffu sed  b y  th is  a g e n c y  
o r , in  som e  ca ses , m a y  b e  d is s ip a te d . M a n y  d iseases , su ch  
as m a la ria , c h o le ra , s m a ll-p o x , p la g u e , in flu en za , e tc .,  a re  
s ta te d  to  h a v e  b e e n  so  sp re a d , b u t  th e  te n d e n c y  o f  m o d e r n  
in v e s t ig a t io n  is  to  s h o w  th a t  th e  s ta te m e n ts  a re  w a n t in g  
in  a c c u r a c y  a n d  th a t  th e  in te r co u rs e  o f  h u m a n  b e in g s , 
im p u re  w 'ater, f o o d  a n d  c lo th in g , e t c . ,  a re  th e  re a l ch a n n e ls  
o f  i n f e c t io u . f  T h e r e  a re  s t r o n g  re a so n s , h o w e v e r , fo r  
b e l ie v in g  th a t  in  r e g a r d  to  tw o  d isea ses , viz., m a la r ia  a n d  
in flu e n za , th e  m o v e m e n ts  o f  th e  a ir  m a y  p la y  an  im p o r ta n t  
p a r t  in  th e ir  d iffu s io n .J  O n th e  o th e r  h a n d , th e re  is  n o  
d o u b t  th a t  m a n y  d ise a se s , e.g., ty p h u s  fe v e r  a n d  s m a ll-p o x , 
a re  fa v o u r e d  in th e ir  sp re a d  b y  a s ta g n a n t  c o n d it io n  o f  t h e  
a ir , w h ils t  th e  e p id e m ic  m ay  b e  h e ld  c o m p le te ly  in  c h e c k  
b y  f r e e  v e n t ila t io n  a id e d  b y  th e  a c t io n  o f  a  s t r o n g  w in d  
b r in g in g  a b u n d a n ce  o f  p u re  a ir  to  th e  in fe c t e d  sp o t .§

T h e  e f fe c t s  o f  e x p o s u r e  t o  th e  w in d  in  a n y  I n d iv id u a l  
C a s e  d e p e n d  c h ie fly  u p o n  its  v e lo c i t y ,  te m p e ra tu re , an d

* v. pp. 18-9. t  V. Part III. Etiology of Disease.
J 'Die action of wind in directly spreading malaria is certainly very mnch

smaller and less frequent than formerly supposed. It is only where people 
live near very malarious jungles or swamps, over which the wind blows 
frequently towards their habitations, that there are any solid grounds for 
believing in this method of infection. The old idea that the malarial poison 
could be carried for hundreds of miles by wind is certainly a mistake. In 
any case it is extremely difficlut to eliminate all the other possible means 
of communication of the disease.

§ “ So convinced were the ancient Greeks of the beneficial influence of 
wind to combat disease, that at Girgenti (Agrigentum), in Sicily, the 
traveller is shown the artificial opening which Empedocles made in the rock 
to admit the Tramontana, or north wind, and thus to dispel the malaria 
arising from the plain below the city.”  S. & M., op. cit., pp. 196-7. 
Curiously enough there is said to be a distinct increase in the number of 
cases of malariul fever in Sicily and S. Italy during the prevalence of the
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h u m id ity . A s  a. r u le ,  th e  m o s t  im p o r ta n t  e f f e c t  p r o d u c e d  
b y  its  a c t io n  u p o n  th e  b o d y  is  c o o l in g .  I n  a  c o ld  o r  t e m ­
p e r a te  c l im a te  w h e r e  p e o p le  o f  n e c e s s ity  w e a r  t h ic k  a n d  
a b u n d a n t  c lo t h in g  th e r e  is  l it t le  r is k  o f  a n y  d a n g e r o u s  
d e g r e e  o f  sudden c o o l in g  o f  th e  b o d y  s u r fa c e , i.e., ‘ c h i l l ’ : 
i f  fr o m  p o v e r t y  o r  o th e r  r e a s o n  th e  b o d y  is  in s u ff ic ie n t ly  
p r o t e c t e d  in  s u c h  a  c l im a te , th e  p e r s o n  s o  e x p o s e d  w ill  
p r o b a b ly  s u ffe r  fr o m  s o m e  a c u te  in f la m m a to r y  c o n d it io n ,  
s u c h  as p le u r is y , b r o n c h it is ,  r h e u m a t ic  f e v e r ,  e t c .  I n  I n d ia  
th e  sa m e  t h in g  m a y  h a p p e n , e s p e c ia l ly  d u r in g  r a in y  
w e a th e r , to  th o s e  w h o  a r e  l ig h t ly  c la d  o r  w h o  s le e p  in  a  
d i r e c t  d r a u g h t  o f  c o ld  d a m p  w in d . B u t  th e  r e a l  a n d  e v e r  
p r e s e n t  d a n g e r  t h r o u g h o u t  th e  t r o p ic s  is  th a t  o f  s u d d e n  
a u d  v io le n t  c h i l l in g  o w in g  t o  th e  c o n s ta n t  f r e e  a c t io n  o f  t h e u 
s k in  c o m b in e d  w it h  th e  e v a p o r a t io n  se t  u p  b y  th e  w in d , 
w h e r e b y  in te n s e  c o n g e s t io n  o f  th e  a b d o m in a l  v is c e r a  is  
r a p id ly  b r o u g h t  a b o u t . T h is  m a t te r  h a s  a lr e a d y  b e e u  
a l lu d e d  t o *  a n d  it  is  d if f ic u lt  t o  e x a g g e r a t e  it s  im p o r ta n c e .
A t  a ll  t im e s  o f  th e  y e a r  i t  is  n e c e s s a r y  t o  b e  o n  o n e ’ s g u a r d  
a g a in s t  th e  r is k  o f  c h i l l ,  a n d  m o s t  o f  a ll  a f t e r  e x e r c is e  o r  a t 
n ig h t  t im e  d u r in g  t h e  se a s o n  w h e n  a  c o ld ,  m o is t  w in d  m a y  
b e g in  t o  b lo w  a f t e r  s o m e  h o u r s  o f  s t i l l ,  s u lt r y  w e a t h e r . f

I t  is  q u e s t io n a b le  w h e t h e r  th e  c u s to m  o f  t a k in g  e x e r c is e  
b e f o r e  s u n r is e , o n  th e  p la in s  o f  I n d ia ,  is  a  g o o d  o n e .

P r io r  t o  th e  in c r e a s e  in  te m p e r a t u r e , w h ic h  o c c u r s  v e r y  
s o o n  a f t e r  th e  su n  h a s  r is e n , th e  a ir  is  u s u a lly  v e r y  s ta g n a n t  
a u d  w it h o u t  d o u b t  is  f r e q u e n t ly  la d e n  w it h  m a la r io u s  o r  
m e p h it i c  e x h a la t io n s . F o r m e r ly  t h is  c u s to m  p r e v a i le d  to

de8fcel fc, r s d o°n' S = 5S
Z t t l V L 'in t o r t u r e  and increased
valence are the essential factor-s in increasing the amount of malaria. 1>.
Hii-sch, op. cit., Yol. I., and references given therein.

t  Young3andUhea?thy newcomers to the tropics are very ^  to make 
light of this subject, whilst even their elders who shon 1 k - better 
sometimes laugh at the ‘ fuss’ made about chill. It is the t j  of all 
medical officers to explain carefnlly to the rash and thoughtless bow great 
and real the danger is, yet how easily it can be averted by a little care and 
a few simple and by no means irksome precautions, v. post, I art II,, 
Clothing,
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a m u ch  la rg e r  e x te n t  th an  a t th e  p re se n t tim e  a n d  n u m erou s 
su d d en  a n d  se e m in g ly  in e x p lic a b le  cases o f  ch o le ra , d y s e n ­
te r y , fe v e r , e tc ., o c c u r r e d . A n y  o ld  A n g lo -I n d ia n  re s id e n t 
ca n  re ca ll m a n y  su ch  in sta n ces , w h ich  are n ow , a p p a re n tly , 
m u ch  ra re r  th an  in  fo rm e r  y e a rs . A m o n g s t  n a tiv es  it  is 
s t ill  th e  g e n e r a l cu s to m  to  r ise  v e r y  e a r ly  a n d  g o  o u ts id e  
to  a n sw er  th e  ca lls  o f  n a tu re , c le a n  th e  tee th , e tc ., a u d  
th e re  is litt le  d o u b t  th a t m a n y  ca ses  o f  d iarrhoea , h e p a t ic  
c o n g e s t io n , e tc .,  r e su lt  fr o m  th e ir  p r a c t ic e  o f  g o in g  ou t 
b e fo r e  su n rise , c la d  in  th e  s ca n tie s t  o f  c lo th in g , a n d  e x p o s ­
in g  th e m se lv e s  to  th e  r isk  o f  c h i ll  a n d  th e  re sp ira tio n  o f  
a ir  la d en  w ith  im p u rit ie s . A s  soon  as th e  su n  r ises  th e  
a ir  is se t  in  m o v e m e n t , b o th  in  a h o r iz o n ta l a n d  u p w a rd  
d ir e c t io n , a u d  th e n  is  th e  tim e fo r  e x e r c is e , a b lu tio n , e tc .

I n  ce r ta in  p a r ts  o f  In d ia , n o ta b ly  in  S in d h  a n d  C u tch , 
a v e r y  fa ta l fo r m  o f  h o t  w in d — th e  simoom— is a p t  to  arise  
in  th e  h o t  w e a th e r . D u r in g  its  c o n t in u a n ce  m en  a n d  
o th e r  an im als  a re  k il le d , a p p a re n tly  w ith  g r e a t  su d d en n ess .
I t s  o r ig in  a n d  th e  m a n n e r  in  w h ich  it  ca u ses  d e a th  are  s till 
q u ite  u n ce r ta in , b u t  it  m u st n o t  b e  c o n fo u n d e d  w ith  th e  
d u s t  s to rm s  w h ic h  a re  so  c o m m o n  in  N o r th e rn  In d ia .
C a re fu l in v e s t ig a t io n  o f  th e  e x a c t  n a tu re  a n d  e ffe c ts  o f  th is  
p h e n o m e n o n , m o re  e s p e c ia l ly  w ith  r e g a r d  to  th e  s ta tem en ts  
as to  its  o c c u r r e n c e , e tc .,  m a d e  b y  ca m e l d r iv e r s  a n d  o th e rs , 
is  m u ch  r e q u ire d .

The Estim ation of W ind .— T h e re  a re  th re e  m a in  p o in ts  
t o  b e  n o te d  in  w in d  o b s e r v a t io n s , viz., (1 ) its  D irection ;
(2) its  Velocity; a n d  (3 ) its  Pressure.

T o  o b s e r v e  th e  D ir e c t io n  an  in s tru m e n t  te rm e d  a  wind- 
vane is  u sed , w h ic h  is  s im p ly  a b a la n c e d  le v e r , w ith  o n e  en d  
b r o a d , th e  o th e r  n a rro w . T h e  la tte r  p o in ts  to w a r d s  th e  
d ir e c t io n  fr o m  w h ic h  th e  w in d  b lo w s , e.cj., in  a  S . - W .  w in d  
i t  p o in ts  to w a r d s  th e  so u th -w e s t . O n th e  v a n e  r o d  im m e ­
d ia te ly  b e lo w  th e  v a n e  is  a  f ix e d  c r o s s -b a r , th e  e x tre m it ie s  
o f  w h ic h  in d ic a te  th e  fo u r  c a r d in a l p o in ts . T h e  d ir e c t io n  
o f  th e  w in d  is  ju d g e d  b y  c o m p a r in g  th e  v a n e  p o in te r  w ith

f . ’ ». ■ ' I ,
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th e s e  f ix e d  p o in ts . G r e a t  c a r e  is n e c e s s a ry  in  e r e c t in g  a 
w in d  v a n e , o th e r w is e  its  in d ic a t io n s  w i l l  c e r t a in ly  b e  r e n ­
d e r e d  u se le ss  b y  th e  a c t io n  o f  p u r e ly  lo c a l  c u r r e n ts  o f  a ir .
I t  s h o u ld  b e  f ix e d  o n  th e  h ig h e s t  a c c e s s ib le  p o in t  o f  a  
b u i ld in g  o r  o t h e r  s tr u c tu r e , in  a s  o p e n  a  s p a c e  as p o s s ib le ,  
a n d  th e  c a r d in a l  p o in ts  se t  b y  c o m p a s s .*  T h e  in d ic a to r  
s h o u ld  b e  e x a m in e d  o c c a s io n a l ly  t o  se e  th a t  its  m o v e m e n ts  
a re  p e r f e c t ly  fr e e .  S ix te e n  o f  th e  t h ir t y - t w o  p o in ts  o f  th e  
c o m p a s s  w ill  b e  e n o u g h  to  n o te  a n d  r e g is t e r .  T h e y  a re  
r e g is t e r e d  b y  n u m b e r s , N . b e in g  0 o r  3 2  a u d  S . 16 , th e  o d d  
o n e s  b e iu g  o m it te d . I n  o r d in a r y  M e t e o r o lo g i c a l  S ta t io n s  
o b s e r v a t io n s  a re  m a d e  a t 8 a .m ., 10 a .m . a u d  4  p .m .

T h e  M e a n  D ir e c t io n  is  g e n e r a l ly  c a lc u la t e d  b y  a d d in g  
t o g e t h e r  th e  n u m b e r  x -e p re se n tin g  th e  p o in ts  n o t e d  a n d  
d iv id in g  b y  th e  n u m b e r  o f  o b s e i ’v a t io n s . I f  n o  t w o  p o in ts  
o b s e r v e d  d i f f e r  b y  m o i’e th a n  1 6 — in  o th e r  w o r d s , i f  a ll  th e  
p o in ts ,  p r o j e c t e d  o n  a  c i r c le ,  a r e  in  th e  s a m e  s e m i - c i r c le —  
t h is  m e t h o d  m a y  b e  u s e d . O th e r w is e , th e  p o in ts  o b s e r v e d  
s h o u ld  b e  r e p r e s e n t e d  on  th e  c i r c u m fe r e n c e  o f  a  c i r c le  b y  
m a r k s  in  p o s it io n s  c o i ’r e s p o n d iu g  to  th e  o b s e r v a t i o n s ; w h e n  
th e  e y e  c a n  d e te r m in e  w h ic h  p a r t  o f  th e  c i i ’c le  w o u ld  
g r a v i t a t e  l o w e s t  i f  th e  m a r k s  w e r e  w e ig h t s ,  a n d  th is  p a r t  
in d ic a te s  th e  m e a n  d ir e c t io n .  A s ,  h o w e v e r ,  th e  v a r y in g  
v e lo c i t y  o f  t h e  w in d  is  n o t  ta k e n  in t o  c o n s id e r a t io n  in  th e  
o b s e r v a t io n s  th e  d e t e r m in a t io n  o f  th e  m e a n  d ir e c t io n  is  o f  

l i t t le  p r a c t i c a l  u t i l i t y .  I n  a d d it io n ,  t h e  d i i 'e c t io n ,  as  in d i ­
c a t e d  b y  th e  w in d  v a n e ,  is  m u c h  in f lu e n c e d  b y  lo c a l  
c o n d it io n s ,  e.g., p r e s e n c e  o r  a b s e n c e  o f  t r e e s , th e  c o n t o u r  o f  

th e  g r o u n d ,  e t c .

T o  e s t im a te  t h e  V e l o c i t y  o f  a  w in d  v a r io u s  fo r m s  o f  
anemometer a r e  u s e d , t h e  b e s t  k n o w n  o f  t h e s e  b e i n g  
R o b i n s o n ’ s a n e m o m e te r . I t  c p n s is ts  o f  a  r e v o lv i n g  v a n e  
w it h  f o u r  c r o s s e d  aim is c a r r y in g  fo u r  h e m is p h e r ic a l  c u p s  o f

* To the true, not magnetic, north. The declination of the compass is 
very small in any part of India, not exceeding 2°, and magnetic north is 
east of true north. This variation, small as it is, must not be disregarded, 
otherwise there will be u serious error in the average of a large number of 
observations. Blandford.
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th in  sh eet c o p p e r . I n  th e  la r g e r  in stru m en ts  th e  v a n e  • 
r e v o lv e s  w ith  on e -th irc l o f  th e  v e lo c ity  o f  th e  w in d , b u t  in  
e v e r y  ca se  th e  in s tru m e n t, w h e th e r  sm all o r  la r g e , re q u ire s  
c o r r e c t io n  fo r  fr ic t io n , e tc .,  a n d  m u st b e  c a r e fu lly  c o m p a re d  
w ith  a  s ta n d a rd  a n e m o m e te r . T h e  r e v o lv in g  v a n e  c o m ­
m u n ica tes  its m o v e m e n t  to  a tra in  o f  t o o th e d  w h ee ls  w h ich , 
in  tu rn , in d ica te  th e  d is ta n c e  t r a v e lle d  on  a  d ia l. T h e y  
u su a lly  r e g is te r  u p  to  1,000 m iles . T o  re a d  th e  a n e m o m e ­
te r  it  is n e ce ssa ry  to  s u b tra c t  th e  p r e v io u s  r e a d in g  fr o m  th e  
to ta l, a n d  th e n , i f  th e  d i f fe r e n c e  so  o b ta in e d  is d iv id e d  
b y  th e  n u m b e r  o f  h o u rs  o r  m in u te s  s in ce  th e  la st r e a d in g , 
th e  resu lt  w ill b e  th e  a v e r a g e  ra te  p e r  h o u r . T o  th is  
r e a d in g  th e  n e ce ssa ry  c o r r e c t io n  m u st, o f  co u rse , b e  a p p lie d .
T h e  sm all air-meter o f  C a se lla  has a lre a d y  b e e n  r e fe r r e d  
t o * ; its  p r in c ip le  is  m u ch  th e  sa m e , o n ly  i t  is  a m ore  d e l i ­
c a te  in s tru m e n t a n d  is  u sed  fo r  r e c o r d in g  th e  ra te  o f  
m o v e m e n t  th r o u g h  v e n t ila to r y  o p e n in g s , e tc .

I f  th e re  is  n o  a n e m o m e te r , a  u se fu l r e c o r d  o f  th e  
a p p r o x im a te  w in d  v e lo c i t y  m a y  b e  k e p t  f o r  a n y  p la c e  b y  
th e  u se  o f  th e  s o -c a l le d  B e a u fo r t  sca le , as h e re  g iv e n , in  
m u ch  th e  sam e w a y  as th e  a m o u u t o f  c lo u d  is  n o te d .

Approximate velocity.
Miles per hour.

C a lm  . . .  . . .  0 . . .  0 t o  5
L ig h t  W in d  . . .  1 . . .  6 „  15
M o d e r a te  . . .  . . .  2 . . .  16 ,, 25
F r e s h  . . .  . . .  ' 3 . . .  26  „  3 6
S t r o n g  .................... 4  . . .  37  „  52
H e a v y  .................... 5 . . .  5 3  „  80
V io le n t  (h u r r ic a n e ) 6 . . .  80  a n d  u p w a rd .

F o r  r e c o r d in g  th e  P re ss u re  e x e r c is e d  b y  w in d , n u m e ro u s  
pressure gauges h a v e  b e e n  in v e n te d . O n e  o f  th e  o ld e s t  
a n d  s im p le s t , a n d  o n e  w h ic h  lias b e e n  la te ly  r e c o m m e n d e d  
f o r  g e n e r a l  a d o p t io n , is  e s s e n tia lly  th e  sam e in  a p p e a ra n ce  
as  a  s w in g in g  s ig n -b o a r d , viz., a p la te  o r  s h e e t  o f  m eta l 
s u s p e n d e d  v e r t ic a l ly  o n  b e a r in g s  f r o m  a  h o r iz o n ta l  f ix e d

i c w %  Qi ■
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' o a r ,  so  th a t  w h e n  th e  w in d  b lo w s  a g a in s t  its  s u r fa c e  it  
s w in g s  b a c k w a r d ; th e  a n g le  w h ic h  it  th u s  m a k e s  in d ic a t in g  
th e  a m o u n t  o f  p re s su re , as  o r ig in a l ly  d e te r m in e d  b y  e x p e r i ­
m e n t . I t  is  a t ta c h e d  to  a  la r g e  v a u e  w h ic h  k e e p s  it  a lw a y s  
f a c in g  th e  w in d . A n o t h e r  fo r m  is  th a t  k n o w n  as O s ie r ’ s 
w in d  g a u g e ,  th e  e s s e n t ia l  p a r t  o f  w h ic h  is  a ls o  a  m e ta l 
p la te  b e h in d  w h ic h  th e r e  a re  s p r in g s  w h o s e  e la s t ic it y  
s e r v e s  to  m e a s u re  th e  f o r c e  o f  t h e  w in d . N o n e  o f  th e  
in s tr u m e n ts  y e t  in v e n t e d  is  f r e e  fr o m  e r r o r  a n d  i t  is  fu r th e r  
f o u n d  th a t  in s tr u m e n ts  v a r y in g  in  s iz e  o r  c o n s t r u c t io n  d o  
n o t  a g r e e  in  t h e ir  r e c o r d s . A n o t h e r  v e r y  im p o r ta n t  p o in t  
is  th is , th a t  d u r in g  g a le s  o f  w in d  w h e n  th e  e s t im a t io n  o f  
th e  p r e s s u r e  is  o f  th e  g r e a t e s t  im p o r ta n c e , th e r e  a re  sudden 
and great variations  in  th e  p r e s s u r e  e x e r t e d  b o t h  as r e g a r d s  
it s  a m o u n t  a n d  d ir e c t io n .  F o r  e x a m p le , a  s t r u c tu r e  w h ic h  
is  e v id e n t ly  s t r o n g e r  th a n  a  n e ig h b o u r in g  o n e  m a y  b e  b lo w n  
d o w n , w h ils t  th e  w e a k e r  o n e  is  l e f t  u n in ju r e d .

B e s id e s  th e  d ir e c t io n ,  v e lo c i t y  a n d  p r e s s u r e  o f  th e  w in d , 
th e  o b s e r v e r  s h o u ld  n o te  th e  t im e s  a t  w h ic h  i t  b e g in s  a u d  
s u b s id e s , o r  s u d d e n ly  c h a n g e s  its  c o u r s e ; th e  d i r e c t io n  o f  
th e  c h a n g e s ; th e  p o in t  f r o m  w h ic h  it  b lo w s  s t e a d i ly  a f t e r  
a lte r a t io n s  o r  f lu c t u a t io n s  ; th e  e x is t e n c e  o f  c u r r e n t s  in  t h e  
u p p e r  r e g io n s  o f  th e  a t m o s p h e r e  (s h o w n  b y  c l o u d - m o v e ­
m e n t s ) * ;  th e  t im e s  w h e n  h o t  o r  c o l d  w in d s  se t  in  a u d  th e  
p o in ts  fr o m  w h ic h  t h e y  b l o w ;  th e  c o n n e x io n  o f  w e a t h e r —  
c lo u d y ,  r a in y  o r  f in e — w ith  t h e  q u a r te r  f r o m  w h ic h  th e  w in d  
is  b lo w in g ,  o r  h a s  b e e n  b lo w in g  f o r  s o m e  t im e  p r e v io u s ly .

I n  d a i ly  w e a th e r  r e p o r t s  th e  p o in t s  u s u a lly  g iv e n  w it h  
r e g a r d  t o  t h e  w in d  a r e  (1 )  T h e  M e a n  D ir e c t io n  a n d  (2 )
T h e  V e l o c i t y  in  2 4  h o u r s . T h e  a c tu a l  d is c u s s io n  o f  w in d  
o b s e r v a t io n s  is  a  c o m p l ic a t e d  m a tte r  a n d  c a n n o t  b e  fu r t h e r  
a l lu d e d  t o  h e r e . I t  s h o u ld  b e  n o t e d  th a t  a n e m o m e te r s  
m e r e ly  r e c o r d  t h e  h o r iz o n t a l  m o t io n  o f  t h e  a ir  a u d  ta k e  n o  
a c c o u n t  o f  th e  im p o r t a n t  u p w a r d  a u d  d o w n w a r d  m o t io n s  
d u e  t o  c o n v e c t io n ,  e t c .  P r o b a b ly  th e  m o s t  s a t is fa c to r y ' 
m e t h o d  o f  r e c o r d in g  th e  w in d  o b s e r v a t io n s  o f  a n y  s ta t io n
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is b y  a wind-rose w h ich  con sists  o f  a tab le  o r  d ia gra m  
con stru cted  to  shew  the p e rce n ta g e  p rop ortion  o f  the 
n u m ber o f  w in d  ob serv a tion s  from  six teen  p o in ts  o f  the 
com pass an d  som etim es also, the v a ry in g  fo r c e  o f  the w in d .
In  o th er  cases a ta b le  is g iv e n  sh o w in g  th e  M ean  M on th ly  
B esu lta n t W in d  D ire ct io n  and  V e lo c ity . T h e  ivind-result- 
ant is co m p o u n d e d  o f  d irection  and  v e lo c ity  and  g iv e s  the 
p os ition  w h ich  a b o d y , free ly  m o v in g  u n d er  th e  in fluence 
o f  w in d  a lon e , w o u ld  o c c u p y  a fte r  a g iv e u  tim e. I t  is 
o b v io u s ly  m ost im p orta n t fo r  san itary  p u r p o s e s ; b e in g  
ca p a b le , fo r  in sta n ce  o f  d e te rm in in g  w h e th e r  m alaria  or 
o th er  m ateria l p o ison  has b een  b o rn e  b y  th e  w in d  from  
on e  p la ce  to  an oth er. I t  req u ires , h o w ev er , freq u en t 
o b serv a tion s  and  co m p lica te d  ca lcu la tion s  an d  is, u n fo r ­
tu n ate ly , ra re ly  a tta in ab le .

Observations on tjie W ind in  India ,.— T h e  c h ie f  ch a ra c ­
teristic  o f  the w in d s  in th is  co u n try  is th e ir  p re v a ilin g  
lig h tn ess , th o u g h  at tim es, o f  cou rse , th ey  m ay  b lo w  w ith  
trem en d ou s  v io le n ce  d u r in g  a c y c lo n e  o r  o th e r  storm .
O w in g , a lso , to th e  v e r y  v a riou s  c lim a tic  c o n d it io n s  w h ich  
a ie  fou n d  b e tw een  the lim its  o f  the E m p ire , a lm ost ev e ry  
k in d  o f  w in d  m ay  b e  e n co u n te re d , su ch  as v ery  h o t  or v e ry  
c o ld  w in d s , v e r y  d r y  o r  v e r y  d a m p  w in ds, sp ec ia l w in d s  
g iv in g  rise  to d u st storm s, th e  p e cu lia r  w in d  k n ow n  as the 
s .m oom , e tc ., e tc ., a n d  n o t  o n ly  so , b u t in  certa in  lo ca lit ie s  
w h en  th e  an n u al ra n g es  o f  tem p era tu re  an d  h u m id ity  are 
v e r y  g re a t , a lm ost e v e r y  v a r ie ty  o f  w in d  m ay b e  e x p e r ie n ce d  
in  th e  co u rse  o f  tw e lv e  m on th s. In  a  co u n try  lik e  E n g la n d , 
p e o p le  n a tu ra lly  la y  g r e a t  stress on  th e  d ire c t io n  from  
w h ich  a w in d  is b lo w in g , e.g., th e  east w in d  is p ra c t ica lly  
a lw a y s  a  c o ld  w in d , th e  sou th  w in d  a w arm  w in d , an d  so 
on , bu t in  this co u n try  m u ch  m ore  stress is la id  u p on  th e  
fa c t  as to  w h e th e r  a w in d  is  a lan d  w in d  o r  a sea  b re e z e , a 
w et w in d  o r  a d ry  w in d , and th e  reason  is o b v io u s  en ou g h , 
f o r  a w in d  in tra v e rs in g  th e  p e n in su la  m ay  k e e p  th e  sam e 
d ire c t io n  a p p ro x im a te ly  bu t c o m p le te ly  ch a n g e  its c h a r a c ­
ter , w h ils t a  sea  b re e ze  is  a lw ays a c o o l  w in d  w h a tev er  
d ire c t io n  it b low s  from .

■■
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A s  w ith  te m p e r a tu r e , p r e s s u r e , a n d  h u m id it y ,  s o  w ith  
th e  w in d , th e r e  is  a  r e g u la r  D iu r n a l  V a r ia t io n  in  its  v e l o ­
c i t y ,  Avhich a t c e r ta iu  s e a s o n s  is  c o m p le t e ly  m a s k e d  o r  
o b s c u r e d ,  b u t  o c c u r s  a t  o t h e r  se a s o n s  f o r  d a y s 't o g e t h e r .
I t  fo l lo w s  v e r y  c lo s e ly  th e  d a i ly  te m p e r a t u r e  f lu c t u a t io n , so  
th a t  th e  a ir  is  s t i l le s t  ju s t  b e f o r e  s u n r is e , a f t e r  w h ic h  a  
l ig h t  b r e e z e  s p r in g s  u p  a n d  c o n t in u e s  t o  in c r e a s e  t i l l  a b o u t  
2 p .m ., a g a in  d e c l in in g  to w a r d s  e v e n in g  p a ri passu  w ith  

th e  t e m p e r a tu r e .

A t  p la c e s  s itu a te d  n e a r  th e  se a , th is  d a i ly  w in d  is  m o s t  
f r e q u e n t ly  a  s e a  b r e e z e ,  b u t  n o t  a lw a y s  so  ; i t  m a y  s im p ly  
b e  th a t  th e  p r e v a le n t  w in d  a t  th a t  p a r t ic u la r  se a s o n  
in c re a s e s  in  f o r c e  a s  a b o v e  d e s c r ib e d ,  b u t  its  d ir e c t io n ,  
t h o u g h  s l ig h t ly  m o d if ie d  t e m p o r a r i ly ,  m a y  b e  s e a w a rd s  o r ,  
in  fa c t ,  f r o m  a n y  p o in t  o f  t h e  c o m p a s s . S o m e t im e s  a  la n d  
w in d  a t  n ig h t  a lte r n a te s  w ith  th e  se a  b r e e z e  d u r in g  th e  
d a y ,  th e  c h a n g e s  in  d ir e c t io n  o c c u r r in g  a f t e r  ’w e l l-m a r k e d  
m o r n in g  a n d  e v e n in g  p e r io d s  o f  c a lm . T h is  is  c o m m o n ly  
th e  ca s e  d u r in g  th e  in t e r v a ls  b e t w e e n  th e  s t r o n g  w in d s  o f  
th e  s u m m e r  a n d  w in te r  m o n s o o n s , th e  a lt e r a t io n  in  d i r e c t io n  
b e in g  b r o u g h t  a b o u t , r o u g h ly  s p e a k in g ,  b y  th e  r e la t iv e ly  
m o r e  r a p id  a b s o r p t io n  a n d  r a d ia t io n  o f  h e a t  b y  t h e  la n d  

s u r fa c e  a s  c o m p a r e d  w it h  th e  w a t e r *

T w o  w in d s , c o m m o n  to  m o u n ta in o u s  c o u n t r ie s ,  a re  m e t  

iv ith  in  th e  H im a la y a  a n d  o t h e r  p a r t s  o f  I n d ia ,  a n d  a s  t h e y  

b e a r  a n  im p o r ta n t  r e la t io n  t o  h e a lth , th e y  d e s e r v e  m e n t io n .
These a re  respective ly the * doivn-valley ’ and f up-valley 5 
Avinds. The form er bloAVS Avith g reat force Avhere the 
va lleys  Aviden out into the plains and begins suddenly in  
the ea rly  m orning after the period of calm . I n  the same 
Avay the up-valley Avind bloAVS strong ly upwards, especially 
in  the narrow  m ountain passes, during the afternoon hours, 
subsiding at sunset. A s  these Avinds bloAV Avith g ie a t 
reg u la rity  at certa in  seasons, the trave lle r, Avliether cam p­
ing  or m arching, should be on his guard against r e c e iv i n g  
a ch ill Avhen sleeping or Avlien lig h tly  clack__________________

# For explanations and diagrams illustrating this and other vrind pheno 
menu, v. Met, Vade Mccum, Part n., and Mill, op. cit., p, 128, etc.
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T h e  A n n u a l V a r ia t io n  in  th e  d ire c t io n  o f  th e  w in d s  in  
In d ia  is so m a rk e d  a  fe a tu re  th a t  th e  tw o  monsoons are  
p o p u la r ly  k n o w n  as th e  S o u t h -W e s t  m o n so o n  a n d  th e  
N o r th -E a s t  m o n so o n . B u t, as p o in te d  o u t  b y  B la n d fo r d  
a n d  o th ers , th ese  n am es a re  in a ccu ra te  a n d  m is le a d in g  fo r  
m a n y  p la ce s , so  th a t  th e  term s W in t e r  a n d  S u m m e r  m o n ­
so o n s  a re  to  b e  p r e fe r r e d . In to  th e  ca u se  o f  th e se  g r e a t  
c h a n g e s  in  th e  a tm o s p h e r ic  c ir c u la t io n , so  fa r  as k n o w n , it  
is  im p o ss ib le  to  g o  h ere  a n d  o n ly  th e  m e re s t  o u t lin e  o f  th e  
s u b je c t  ca n  b e  g iv e n . I f  a  ser ies  o f  ch a rts  s h o w in g  th e  
a v e r a g e  m o n th ly  d is tr ib u t io n  o f  a tm o s p h e r ic  p ressu re  o v e r  
th e  In d ia n  p e n in su la  a n d  n e ig h b o u r in g  seas b e  e x a m in e d , 
it  w ill b e  fo u n d  th a t  in  th e  m o n th  o f  J a n u a r y  (v. p i. x x .)  
th e  p re ssu re  is lo w e s t  a t  tw o  p r in c ip a l r e g io n s , viz., to  th e  
so u th  o f  C e y lo n  a n d  n e a r  S u m a tra , w h ils t  it  g r a d u a lly  
in c re a se s  n o r th w a rd s  t ill  it  r e a ch e s  its  m a x im u m  in th e  
e x tr e m e  n o r th -w e s t  o f  In d ia . I n  th e  m o u th  o f  J u ly  
(v. p i. x x .) ,  o n  th e  o th e r  h a n d , th is  c o n d it io n  o f  th in g s  is 
e x a c t ly  r e v e rs e d , so  th a t  th e  b a r o m e tr ic  m in im u m  is fo u n d  
in  th e  r e g io n  o f  U p p e r  S in d h , a n d  th e  m a x im u m  n e a r  C e y ­
lo n  a n d  S u m a tra . In  g e n e r a l term s, th is  s h if t in g  o f  th e  
p re ssu re  w h ic h  g o e s  on  fr o m  J a n u a ry  to  J u ly  a n d  J u ly  to  
J a u u a ry , is  b r o u g h t  a b o u t  b y  c h a n g e s  in  te m p e ra tu re , th e  

s e a t  o f  h ig h e s t  p re ssu re  b e in g  th e  p la c e  w h e re  th e  te m p e r ­
a tu re  is r e la t iv e ly  lo w e s t  a n d  vice versa.

D u r in g  M a rch  a n d  A p r i l  th e  w e a th e r  o v e r  th e  A r a b ia n  

S e a  is g e n e r a l ly  f i n e ; in  th e  B a y  o f  B e n g a l it  is u n c e r ta in , 

a n d  d a n g e r o u s  c y c lo n e s  s o m e tim e s  fo r m . In  M a y , s o u th ­

w e s t  w in d s  b e g in  to  b lo w  in  th e  B a y  o f  B e n g a l ,  a n d  la te r , 
w e st  to  s o u th -w e s t -w in d s  b lo w  fr o m  th e  A r a b ia n  S e a  on  to 
th e  w e s t  c o a s t  o f  In d ia . T h e  fo r  in ex -'sw eep  o v e r  th e  S . o f  
I n d ia  a n d  C e y lo n  up  th e  B a y  a n d  b e c o m e  d iv id e d  in to  txvo 
m a in  c u r r e n ts  o f  w h ic h  th e  la r g e r  p a r t  p a s se s  o v e r  B u rm a h  
a n d  A s s a m  to  th e  e a s te rn  H im a la y a , w h ils t  th e  re m a in d e r  

c u r v e s  fir s t  t o  th e  so u th  in  B e n g a l  a n d  th e n  r e c u r v e s  a lo n g  

th e  fa c e  o f  th e  H im a la y a , b e c o m in g  an e a s te r ly  w in d  u p  

th e  U a n g e t ic  p la in . T h e  la t te r , i .e } th e  w e s te r ly  a n d

,
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To face p. 372.
P L A T E  X X .

BAROMETRIC AND WIND CHARTS—INDIA. (After Blandford).
To illustrate the various points alluded to on p. 354, and to 
show the Anuual Variations in the Wind Direction due to 
the Gradual Shifting of the Centres of Highest aud Lowest 
Barometric Pressure respectively.

Figure 1. Average for the month of January.
Figure 2. Average for the month of July. -
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s o u t h -w e s t e r ly  w in d s  fr o m  th e  A r a b ia n  S e a , b lo w  r ig h t  
a c r o s s  th e  p e n in s u la  as fa r  n o r th  a s  th e  S a t p u r a  r a n g e  in  
C e n tr a l  In d ia . B o t h  c u r r e u ts  b r in g  w it h  th e m  d e lu g e s  o f  
r a in  w h ic h  fa l l  c h ie f ly  o n  th e  w e s t  c o a s t  o f  In d ia , th e  w e s t  
c o a s t  o f  B u r m a li, a n d  th e  e a s te r n  H im a la y a  a n d  A s s a m .*  
I n  th e  N o r t h -W e s t  o f  I n d ia  th e  w iu d s  a re  a t  th is  t im e  
v a r ia b le  a n d  u n c e r ta in , as  is  a ls o  th e  c a s e  in  th e  r e g io n  o f  
c o u n t r y  b e t w e e n  th e  w e s t e r ly  c u r r e n t  r e a c h in g  as h ig h  as 
th e  S a t p u r a  h ills  a n d  th e  e a s te r ly  c u r r e n t  s w e e p in g  u p  th e  
G a n g e t ic  p la in . D u r in g  th e  s u m m e r  m o n s o o n  th e  lo w e r  
h a l f  o f  th e  e a s t  c o a s t  o f  lu d ia ,  t h e  C a r n a t ic , r e c e iv e s  b u t  a  
sm a ll p o r t io n  o f  its  a n n u a l r a in fa l l ,  f o r  th e  s o u th -w e s te r ly  
c u r r e n t  u p  th e  B a y  o f  B e n g a l  p a s s e s  i t - b y  a lm o s t  e n t ir e ly , 
w h ils t  th e  w in d  w h ic h  r e a c h e s  i t  o v e r la n d  h a s  p a r te d  w ith  
m o s t , i f  n o t  a ll ,  oE its  e x c e s s  o f  m o is tu r e  on  th e  o t h e r  s id e  
o f  th e  p e n in s u la .

I n  O c t o b e r  a n d  N o v e m b e r ,  h o w e v e r ,  as th e  c e n t r e  o f  Ioav 
p r e s s u r e  is  g r a d u a l ly  m o v in g  s o u th , i t  l ie s  o v e r  th e  B a y , 
o p p o s it e  th e  c o a s t  o f  M a d r a s , a n d  it  is  th e n  th a t  th e  n o r t h ­
e a s te r ly  w in d  b e g in s  t o  b lo w  s t r o n g ly  a n d  u s h e r s  iu  th e  
w in t e r  m o n s o o n . D u r in g  th e  m o n th s  o f  O c t o b e r ,  N o v e m ­
b e r ,  a n d  D e c e m b e r  M a d r a s  r e c e iv e s  a b o u t  3 0  in c h e s  o f  it s  
a n n u a l r a in fa l l  o f  4 9 ’ 0 2  in c h e s . I n  th e  s o u t h e r ly  p o r t io n  o f  
t h e  B a y  th e  n o r t h -e a s t  w in d  c o n t in u e s  t o  b l o w  t ill  th e  e n d  
o f  F e b r u a r y  a n d  th e n , b e c o m in g  m o r e  u n s t e a d y , g r a d u a l ly  

v e e r s  to  th e  e a s t  a n d  s o u ’  s o u ’ -e a s t— th e  ‘ l o n g  s h o r e  w in d  ’ 
o f  A p r i l  a n d  M a y — till  it s  p la c e  is  ta k e n  b y  th e  a d v a n c in g  
s o u t h -w e s t e r ly  c u r r e n t  o f  th e  s u m m e r  m o n s o o n . I n  o t h e r  
p a r t s  o f  lu d ia ,  d u r in g  th e  s o - c a l le d  ‘  c o ld  w e a t h e r , ’  th e  
w in d s  a re  v e r y  l ig h t  a n d  iu  m a n y  p la c e s  t h e r e  is  c a lm  f o r  

d a y s  t o g e t h e r .

I t  is  th u s  e v id e n t  th a t  th e  te r m s  s o u th -w e s t  a n d  n o r t h ­
e a s t  a r e  in a c c u r a t e  f o r  a  l a r g e  p a r t  o f  I n d ia .  I n  a d d it io n ,  
i t  m u s t  b e  c a r e fu l ly  n o t e d  th a t  th e  w in d s  o f  th e  m o n s o o n s  
a r e  n o t  n e a r ly  s o  c o n s t a n t  in  th e ir  f o r c e  a n d  d ir e c t io n  as 
is  c o m m o n ly  a s s u m e d , a n d  f in a lly ,  th a t  th e  s u m m e r  m o u -

* r, ante, Rainfall, p. 829, et, seq,
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soon  is esseu tiiilly  the m on soon , w h ils t  th e  w in te r  m o n so o n  
a ffects  on ly  a  v e r y  sm all p o rt io n  o f  the In d ia n  p en in su la  in 
any m ark ed  d e g re e .

I  he fo l lo w in g  ta b le  is in s tru ctiv e  as s h o w in g  c le a r ly  th e  
g ia d u a l ch a n g e  in  d ire c t io n  a n d  v e lo c ity  o f  th e  w in d  
th ro u g h o u t  the y e a r .*

M ean M onthly R esultant W ind D irection and V elocity.
M adras— M eans op 23 Y ears.

i — ~ —-------------------

M on th s. ! M iles . P o in ts .

I
J a n u a ry  . . .  ! 130 N  E
F e b ru a ry  . . .  j 95  E ast.
M a rch  . . .  135 s  E
f jP ril . . .  i 169 S . E . b y S .
f ay  .. .  ' 164  S . b y E .
'|u' ie . . .  133 S . W .  b y S .
J u ly  . . .  131 S . W .
£-uS ust 101 S . W .  b y S .
►September . . .  8 4  S . W .  b y  S .
O c to b e r  . . .  44 E
N o v e m b e r  . . .  120 N . N . E .
D e ce m b e r  . . .  154  N . N . e !

light.
i  h ou g h  a c lim a tic  fa c to r  o f  g re a t  a n d  u n d o u b te d  im p o r t ­

a n ce , L ig h t  d o e s  n o t  u su a lly  r e c e iv e  sp ec ia l n o t ic e  in  
m e te o r o lo g ic a l  o b se rv a t io n s  a n d  r e c o r d s  sa ve  in  th e  fo rm  
o f  su n sh in e  o r  d ir e c t  su n lig h t. I t  ca n  o n ly  b e  b r ie fly  
co n s id e re d  h ere  in its im m ed ia te  r e la tio n  to  h ea lth  g e n e ­
ra lly  an d  to  h ea lth  in  In d ia  in  p a rticu la r .

Ligh t in relation to health .— R e fe r e n c e  has b e fo re  b e e n  
m ade to th e  im p o rta n t in flu en ce  e x e rc ise d  b y  su n lig h t , 
b o th  d iffu se d  a n d  d ire c t , u pon  l iv in g  o r g a n is m s .!  A  m ost

# Compiled from table given on p. 3!H of Results of the Meteor. Observ­
ations at the Government. Observatory, Madras, from 186 9—1890 , edited by 
C. llichie Smith, D.Se. F. It, S. ii,, un iuvaluuble work for all interested in 
the Meteorology of India, 

t  v. p. 292,
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n o ta b le  p o in t  a n d  on e  p r e g n a n t  w ith  s u g g e s t io n  t o  th e  
h y g ie n is t  is  th e  fa c t  th a t  w h ils t  to  th e  h ig h e r  c la sse s  o f  
o r g a n is m s , s u c h  as h u m a n  b e in g s ,  f lo w e r in g  p la n ts , e t c . ,  
a b u n d a n c e  o f  l ig h t  is  e s s e n tia l to  h e a lth , th e  lo w e r  o r g a n ­
ism s , s u c h  as m a n y  o f  th e  in v e r te b r a te  a n im a ls , c r y p t o -  
g a m ic  p la n ts , e t c . ,  ca n  c a r r y  o n  a  h e a lt h y  e x is te n c e  in  th e  
e n tire  a b s e n c e  o f  d ir e c t  s u n lig h t , a n d , f in a lly , th e  lo w e s t  
c la s s e s , in c lu d in g  s p e c ia l ly ,  v a r io u s  fo r m s  o f  a n im a l a n d  
v e g e t a b le  p a ra s ite s , a re  a b le  t o  d is p e n s e  a lt o g e th e r  w ith  
l ig h t  d u r in g  th e ir  b r ie f  c y c le  o f  e x is t e n c e .*  T h e  a b o v e  is  
n o t  to  b e  ta k e n  as in v a r ia b ly  tru e , f o r  th e r e  a re  m a n y  
m a r k e d  e x c e p t i o n s ; b u t  i t  is  fo u n d  th a t  w h e r e  an o r g a n ­
ism  o r  c la ss  o f  o r g a n is m s  o r ig in a l ly  l iv in g  in  s t r o n g  l ig h t ,  
is  c o m p e l le d ,  th r o u g h  c h a n g e  o f  e n v ir o n m e n t , to  e x is t  fo r  
s u c c e s s iv e  g e n e r a t io n s  in  a lm o s t  c o m p le te  d a r k n e s s , it 
u n d e r g o e s  m a r k e d  s tr u c tu r a l a lte ra t io n s  o f  a  d e g e n e r a t iv e  
n a tu r e . M a n y  a n im a ls , o f  c o u r s e , a re  m o r e  o r  le ss  n o c ­
tu rn a l in  t h e ir  h a b its  a n d  o th e r s  p a s s  a  g r e a t  d e a l o f  th e ir  
t im e  u n d e r g r o u n d , b u t  in  m o s t  o f  th e s e  c a s e s  th e  d e p r iv ­
a t io n  o f  l ig h t  is  n o t  so  e x tr e m e  as th e  su p e r fic ia l o b s e r v e r  
m ig h t  im a g in e .

T h e  m o s t  m a r k e d  e f fe c t  o f  a b s e n c e  o r  d e f ic ie n cy  o f  l ig h t  
u p o n  h u m a n  b e in g s  a n d  p la n ts  is  ‘  e t io la t io n . ’  I f  s o m e  
r ic e ,  so w n  on  a  m o is te n e d  fla n n e l c lo th , o r  u p o n  e a r th , is  
k e p t  in  a d a rk  p la c e , it  w ill b e  fo u n d  th a t  it  w ill  g e r m in a te  
b u t  th a t  th e  s ta lk s  a n d  le a v e s  w ill b e  o f  a  p a le  y e l lo w  c o lo u r  
in s te a d  o f  g r e e n , a n d  th a t  it  w ill  n o t  r ip e n . T h e  sam e 
e x p e r im e n t  is  o f t e n  p e r fo r m e d  in  n a tu re  a n d  m a y  b e  
d e m o n s tr a te d  b y  t u r n in g  o v e r  a  h e a v y  s to n e  u n d e r  w h ic h  
g ra ss  is g r o w in g .  T h e  p o r t io n s  o f  th e  g r a s s  w h ic h  h a v e  
b e e n  f r e e ly  e x p o s e d  to  th e  l ig h t  w ill b e  q u ite  g r e e n , w h ils t  
th o s e  to  w h ic h  l ig h t  h as n o t  h a d  a c c e s s  w ill  b e  p a le  a n d  
e t io la te d . “  W ith o u t  l ig h t  th e r e  is n o  fr u c t if ic a t io n , a n d , 
in d e e d , f e w  p la n ts  ca n  f lo w e r  w ith o u t  d ir e c t  su n sh in e .
U n d e r  th e  in flu e n c e  o f  l ig h t  p la n ts  a b s o rb  c a r b o n ic  a c id  
fr o m  th e  a ir , th e  c a r b o n  is f ix e d , a n d  th e  o x y g e n  is 
e x h a le d , a p r o c e s s  o f  n u tr it io n  w h ic h  ce a s e s  in  th e  d a r k .

*  V. Part III.



/ Im a m . • / n

1 if  • <SL
X X? .-gX̂ x

376 CLIMATE AND METEOROLOGY.
■ I.

A c c o r d in g  to  C arpen ter, H e n fr e y , E llis , G a rrea u , a n d  o th e rs , 
p lan ts  a lso  resp ire  con tin u ou s ly  n ig h t  a n d  d a y , p r o d u c in g  
sm all q u a n tities  o f  ca rb o n ic  a c id , fo r m e d  b y  th e  c o m b in ­
ation  o f  o x y g e n  w ith  tlie ir  su p erflu ou s  c a rb o n , a  p ro ce s s  o f  
com b u stion  w h ich  co n tin u e s  in  th e  d a rk . T h u s  w e  see  
w h y  in  h ig h  la titu d es , w h e re  th e  d a y s  a re  lo n g  a n d  ev e n  
e x te n d  in to  m on th s w h e n  th e  sun  n e v e r  sets , th e re  is 
a lm ost a q u ite  u n in teri’u p te d  p r o g r e s s  a n d  th a t is  w h y  
g r o w th  in  th ose  co u n tr ie s  is so  ra p id , a n d  w h y  p la u ts  w ill 
fr u c t ify  m ore  ra p id ly  th e re  th a n  in  th e  h o tte r  b u t  sh o r te r  
d a y s  o f  the sou th .” *  S u n lig h t , th en , is o f  ex tre m e  im p o r t ­
a n ce  to m a n k in d  b o th  as fu r n is h in g  th e  p la n ts  w h e re o n  w e  
su bsist w ith  th e  p o w e r  o f  a ss im ila tion  a n d  as m a in ta in in g  
th e  p u rity  o f  th e  a tm o s p h e r e .f

A m o n g s t  th e  lm m a n 'ra ce  th e  e v il  e ffe c ts  o f  l iv in g  a n d  
w o r k in g  in d e fic ien t  l ig h t  a re  som etim es o b v io u s  e n o u g h ,b u t  
as a ru le , in  su ch  cases , th ere  a re  m a n y  o th e r  c o n tr ib u t in g  
fa c to rs  to  ill-h e a lth , a n d  it  is e x tr e m e ly  d ifficu lt  to  a ss ig n  
to  each  its  p r o p e r  sh are . E s p e c ia lly  sh o u ld  it b e  n o te d  
th a t  p u re  a ir  a n d  a b u n d a n ce  o f  l ig h t  are  a lm ost a lw a y s  
fo u n d  to g e th e r  an d  th e  m a rv e llo u s  e ffe c ts  p r o d u c e d  u p on  
ch ild re n  re m o v e d  to  th e  co u n try  fr o m  th e  fo u l a ir  a n d  
n a rro w  streets  o f  la rg e  c it ie s , th o u g h  p a rtly  a ttr ib u ta b le  to  
im p r o v e d  d ie t , are u n d o u b te d ly  d u e  in  a m easu re  to  th e  
b e n e fic e n t  a c t io n  o f  l ig h t  a n d  su n sh in e .

M a n y  p e o p le  a re  e x tre m e ly  sen s itiv e  to  a lte ra tio n s  in 
th e  am ou n t o f  s u n lig h t , e sp e c ia lly  th ose  w h o  g o  fr o m  th e  
su n n y  c lim a tes  o f  S . E u ro p e  an d  th e  E ast to  d w e ll in  G rea t 
B r ita in . T h e  lo w e re d  te m p e ra tu re  a n d  th e  fr e q u e n t  rain  
d o  n o t  d e p re ss  th em  n e a r ly  so  m u ch  a s 'th e  lo n g , g lo o m y  
w in ter  m ou th s  a n d  th e  co n sta n t f o g s j  in  th e  g r e a t  c it ies .

O n  th e  o th e r  h a n d , t o o  fr e q u e n t  e x p o su re  to  in te n se  s u n ­
l ig h t  m a y  p r o d u ce  se r iou s  in ju ry , e sp e c ia lly  u p on  th e  
e x tre m e ly  sen s itiv e  retin a l m em bran e  o f  th e  ey e . M o s t  o f  
th e  ill e ffe c ts  d u e  to  e x p o s u r e  to th e  sun  h a v e  a lr e a d y  b e e n

* G. T. Symons, f.r s., quoted by Dr. Sykes, Public Health Problems, p. 30. 
t  v. p. 284 and f. note. % v. p. 319.



s ta ted  to  b e  d u e  to  e x c e s s iv e  h e a t in g  o f  th e  b o d y ,  b u t  in  
th e  ca se  o f  th e  e y e , th e  in ju r y  is  ca u se d  b y  th e  co n s ta n t  
s t im u la tio n  o f  th e  re t in a  b y  th e  l ig h t  ra y s , w h e r e b y  th e  
s to c k  o f  re tin a l p ig m e n t  is  e x h a u s te d  m o re  q u ic k ly  th a n  
it  can  b e  re n e w e d , a n d  th is  is  s p e c ia lly  th e  ca se  in  m en  
fa t ig u e d  o r  w e a k e n e d  in  a n y  m a n n er  b y  d isea se . S o m e ­
tim es , as a resu lt  o f  th is o v e rs t im u la t io n *  b y  d a y , th e  c o n ­
d it io n  k n ow n  as ‘ n ig h t -b l in d n e s s ’  is  set u p . W h e n  th is  
o c cu rs , th e  e y e s  m u st b e  c a r e fu lly  p r o te c te d  d u r in g  th e  d a y  
tim e  b y  n e u tra l-t in te d  s p e c ta c le s  o r  o th e r  m ean s, a n d , i f  
n o th in g  b e tte r  is  a v a ila b le , th e  r ig h t  a u d  le f t  e y e s  sh o u ld  
b e  c o v e r e d  w ith  a b a n d a g e  d u r in g  th e  d a y tim e  on  a lte r ­
n a te  d a y s .

Light in  relation to health in  In d ia .— T h e re  are  on e  or 
tw o  p o in ts  c a llin g  fo r  sp e c ia l n o t ic e  u n d e r  th is  h e a d in g .
T o  a  n e w -c o m e r  fr o m  n o r th e rn  la t itu d e s  on e  o f  th e  m ost 
s t r ik in g  th in g s  on  a rr iva l is  th e  in te n s ity  an d  co n s ta n c y  
o f  th e  su n lig h t , an d  c o n v e rs e ly , on  first e n te r in g  an In d ia n  
h ou se , m ore  e s p e c ia lly  i f  it  is o n e  b e lo n g in g  to  a  n a tive  
o f  th is  co u n try , h e  w o n d e rs  a t th e  su d d e n  ch a n g e  fr o m  
th e  b r ill ia n t  su n sh in e  o u ts id e  to  th e  c o m p a ra t iv e  o b s c u r ity  
w ith in . W h e r e  c o o ln e ss  is  m a d e  e n t ire ly  d e p e n d e n t  u p on  
th e  e x c lu s io n  o f  d ir e c t  su n lig h t , a  sta te  o f  se m i-d a rk n ess  
fo l lo w s  o f  n e ce ss ity , as a lso  d e fe c t iv e  v en tila tion  F ro m  th e  
in ju r io u s  cu stom  o f  sh u tt in g  th e m se lv e s  u p  fo r  m an y  h ou rs  
d a ily  in  a  m uch, d a rk e n e d  h ou se  a rose  a g o o d  dea l o f  th a t 
p a llo r  t  th a t  w as fo r m e r ly  so  ch a ra c te r is t ic  o f  A n g lo -  
In d ia n s , a n d  e sp e c ia lly  o f  th e  w om en  au d  ch ild re n  ; th o u g h  
d o u b tle ss  th e  e x c e s s iv e  h e a t  c o n tr ib u te d , a n d  still c o n t r i ­
b u tes , an  im p o rta n t sh a re  in  its  p ro d u ct io n . O f la te  y e a rs  
th in g s  are m u ch  im p r o v e d  in  th is r e sp e c t  o w in g  t o  th e  
im p ro v e d  h a b its  o f  A u g lo -I u d ia u s  in  th e  ta k in g  o f  e x e r c is e ,

* “ It has been estimated that the light emitted by the sun and falling 
on the page of such a book as this is about 60,000 times greater than that 
of a good wax candle placed at a distance of 1 yard from it. and about as 
much greater than the light of the moon at the full." H. Power, F.B.C.s.
The only artificial light of sufficient intensity to cause serious injury to 
the eye is the naked aro electric light.

f  v, p. 226. J Strictly analogous to the ‘ etiolation’ of plants.
48a
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in  n o t  c o m p le te ly  s h u tt in g  u p  th e  h o u se , sa v e  in  th e  h o t te s t  
w e a th e r , a u d  so  o n , b u t  th e  e v il  ca n  n e v e r  b e  fu l ly  
r e m e d ie d  till th e  d e s ig n in g , c o n s tr u c t io n , a n d  v e n t ila t io n  o f  
h o u se s  in  th e  t r o p ic s  r e c e iv e  th e  c a r e fu l  c o n s id e r a t io n  
w h ic h  th e  im p o r ta n c e  o f  th e  s u b je c t  m erits .

W ith  r e g a r d  to  th e  m a ss  o f  th e  p e o p le  in  In d ia , th e  o n ly  
c la ss  w h ic h  a p p e a rs  to  su ffe r  m u c h  fr o m  th e  e v il  o f  d e f ic ie n t  
l ig h t ,  in  a d d it io n  t o  d e f ic ie n t  v e n t ila t io n , b o d i ly  e x e r c is e  
a n d  m e n ta l r e c r e a t io n ,— is  th a t  o f  th e  w iv e s  o f  h ig h -c a s te  
H in d u s  a n d  o f  M a h o m m e d a n s , w h o  s p e n d  th e  g r e a te r  p o r t io n  
o f  th e ir  l iv e s  in  th e  se c lu s io n  o f  th e  w o m e n s ’ q u a r te r s  o r  
z e n a n a  a n d  w h o , i f  th e y  d o  ta k e  ‘ c a r r ia g e  e x e r c i s e ’  (sic), 
d o  so  w ith  th e  b l in d s  d ra w n  o r  c lo s e d  a n d  d a r k e n e d  g la s s  
w in d o w s . T h e  p o o r e r  c la sse s , e s p e c ia l ly ,  p a ss  th e ir  l i fe  to  
a  la r g e  e x te n t  in  th e  o p e n  a ir  a n d  it  is  p r o b a b le  th a t  th e  
d e a th  ra te  o f  th e  c h i ld r e n  w o u ld  b e  e v e n  h ig h e r  th a n  it  is  
w e re  it  n o t  th a t  c o n d it io n s  u n fa v o u r a b le  t o  v ita lity  a re  
p a r t ia lly  c o m p e n s a te d  f o r  b y  f r e e  e x p o s u r e  to  lig h t .

W h e n  th e re  is  a  p o s s ib il i t y  o f  lo n g  c o n t in u e d  e x p o s u r e  
t o  th e  ‘ g l a r e ’  o f  s u n l ig h t*  r e fle c te d  f r o m  a  w h ite  s u r fa ce , 
m o re  e s p e c ia l ly  sn o w , g r e a t  p r e c a u t io n s  s h o u ld  b e  ta k e n  
to  p r o te c t  th e  e y e s  as  b e fo r e  m e n t io n e d .f  M e d ic a l  o ffice rs  
a n d  o th e rs  w h o  m a y  b e  c o m p e l le d  t o  d r iv e  iu  o p e n  c a r ­
r ia g e s  d u r in g  th e  d a y  t im e  iu  th e  h o t  w e a th e r  m a y  sa v e  
th e m s e lv e s  fr o m  h e a d a c h e  a n d , p o s s ib ly , p e r m a n e n t  in ju r y  
t o  th e  e y e s  b y  w e a r in g  n e u tr a l- t in te d  ‘ g o g g l e ’  s p e c ta c le s  
w h ic h  e x c lu d e  e x c e s s  o f  l ig h t ,  h e a t  a u d  d u s t , a n d  g iv e  a 
m o s t  d e l ig h t fu l  sen se  o f  c o o ln e s s  to  th e  e y e s .

ATMOSPHERIC ELECTRICITY.
C o m p a ra t iv e ly  l it t le  is  k n o w n  w ith  r e g a r d  to  a tm o s ­

p h e r ic  e le c t r ic i ty  in  I n d ia  o r  e ls e w h e re  a n d  th e  w h o le  
s u b je c t  is on e  th a t  r e q u ire s  fa r  m o re  s y s te m a t ic  o b s e r v a t io n  
th a n  h a s  y e t  b e e n  a tte m p te d . T h e  g e n e r a l  c o n c lu s io n  
a r r iv e d  a t m a n y  y e a r s  a g o  b y  L o r d  K e lv in  a u d  o th e r s  is

# «. pp. 293-4.
IM G  1808 7' F° r a"  "ccou,lt' of 1 snow-blindness,' by D j-,  U .  C a y l e y ,  v .
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t l ia t  in  fin e  w e a th e r  th e  p o te n t ia l  o f  th e  a ir  r e la t iv e ly  to  
th e  e a r th  is  p o s it iv e  b u t  th a t  in  s to r m y  w e a th e r  i t  is  o f t e n  
n e g a t iv e . I n  I n d ia  th is  c o n c lu s io n  r e q u ir e s  m o d if ic a t io n  
in  o n e  im p o r ta n t  r e s p e c t , f o r  o b s e r v a t io n s  m a d e  in  M a d r a s *  
h a v e  sh o w n  th a t  in  fin e  w e a th e r  w it h  a  d r y  w e s t  w in d  th e  
n o r m a l s ta te  o f  a ffa irs  is  th a t  th e  p o te n t ia l  o f  th e  a ir  
b e c o m e s  n e g a t iv e  as s o o n  as th e  s u r fa c e  o f  th e  g r o u n d  g e t s  
h e a te d — say  b e tw e e n  9 a n d  1 0  a .h . T h is  is  a lm o s t  c e r ta in ly  
d u e  t o  th e  d u s t  in  th e  a ir .

O b s e r v a t io n s  u p o u .a tm o s p h e r ic  e le c t r ic i t y  a re  m o s t  e a s ily  
m a d e  w ith  o n e  o f  S ir  W il l ia m  T h o m s o n ’ s (L o r d  K e lv in ’ s) 
p o r ta b le  e le c t r o m e te r s .

T h e  r e la t io n  b e tw e e n  h e a lth  a n d  a tm o s p h e r ic  e le c t r ic i t y  
is  p r o b a b ly  c lo s e  a n d  im p o r ta n t , b u t  to o  l i t t le  is  a t  p re s e n t  
k n o w n  to  m a k e  a d is c u s s io n  o f  th e  s u b je c t  h e re  o f  a n y  v a lu e .

ATMOSPHERIC DUST.
T h e r e  a re  th r e e  c h ie f  s o u r c e s  o f  th e  d u s t f  w it h  w h ic h  

th e  a tm o s p h e r e  s u r r o u n d in g  th is  e a r th  is  la d e n , viz., (1 ) 
M e t e o r i t e s ;  (2 ) V o l c a n o e s ;  a n d  (3 ) T h e  g e n e r a l  w e a r  a n d  
te a r  o f  th e  E a r th ’ s S u r fa c e  d u e  t o  n a t u r a l  c a u s e s  a n d  
h u m a n  o p e r a t io n s .

M e te o r s , o r  * f a l l in g  s ta rs  ’  as th e y  a re  e r r o n e o u s ly  c a l le d , 
c o n s is t  o f  m a sses  o f  s o l id  m a tte r  o f  v a r y in g  s iz e , w h ic h  
se e m  to  b e  s c a t te r e d  in  in c a lc u la b le  n u m b e r s  t h r o u g h

* v. Atmospheric Electricity, by C. Micbie Sinitb, B.Sc., Phil. Mag,, 
Nov., 1885, and references therein given to other papers,

f  To illustrate how extremely light are these minute dust particles, which 
are fonud by experiment to take several days to settle, even in perfectly 
still air, the following example from Mill, op, cit., p. 109, will suffice. 
“  When a cube of stone 1 inch in the side is falling, its mass drags it down, 
and the friction of the air on its six square inches of surface, resists the fall. 
If the cube were cut into ten slices T‘0 of an inch thick, each of these into 
ton burs, and each of these into ten cubes fa  of an inch in the side, there 
would result 1000 little cubes drawn down by • the same force as had 
acted on the one; but the atmosphere would now have sixty square inches 
of surface to act on. If each of these little cubes were cut into 1000 the 
downward attraction of the earth on the whole million would be the same 
as for tho one-inch cube, bnt the air-break would bo applied to no less than 
000 sqnaro inches of surface, so that their fall must be very slow indeed. 
The nveroge dust-motes of the air are much smaller than these, hence it is 
nob surprising that oven tho stillest air [in nature | is never free from dust." 
v.j also, The Floating Matter of the Air, by Tyndall.



s p a c e .*  W h e n  th e y  e u te r  th is  e a r th ’ s a tm o s p h e re  th e y  d o  
s o  w ith  a n  e n o rm o u s  v e lo c i t y  a n d , th e  e n e r g y  o f  m o t io n  
b e in g  c o n v e r t e d  b y  th e  f r i c t io n  o f  th e  a ir  in to  h e a t , th e y  
a re  v e r y  r a p id ly  h e a te d , th e  la r g e r  o n e s  b e c o m in g  v is ib le  
f o r  a  f e w  s e c o n d s  as s o -c a l le d  fa l l in g  sta rs . T h e r e a ft e r  th e y  
a re  d is s o lv e d  in to  fin e  d u s t  w h ic h , o w in g  t o  its  e x tr e m e  
l ig h tn e s s , is  c a p a b le  o f  l o n g  p e r io d s  o f  su s p e n s io n  in  th e  
a tm o s p h e re .

D u r in g  v o lc a n ic  e r u p t io n s  a n  im m e n se  a m o u n t  oE fin e  
d u s t  a n d  a sh  a re  c a r r ie d  u p  in to  th e  a tm o s p h e r e  b y  th e  
e x p lo s iv e  f o r c e  o f  th e  s tea m  e m itte d . F o r  e x a m p le , in  th e  
g r e a t  e r u p t io n  a t  K r a k a to a , a  sm a ll is la n d  in  th e  E a s te rn  
A i c b ip e la g o ,  o n  th e  2 7 tli A u g u s t ,  1888 , th e  c o lu m n  o f  d u s t  
a n d  v a p o u r  w a s  e s t im a te d  to  b e  20  m ile s  in  h e ig h t ,  a n d  th e  
d u s t  w a s  c a r r ie d  to  all p a r ts  o f  th e  e a rth , g iv iu g  r ise  to 
b e a u t i fu l ly -c o lo u r e d  su n se ts  a n d  v a r io u s  o th e r  p h e n o m e n a .

A llu s io n  h a s  a lre a d y  b e e n  m a d e t  to  th e  th ird  s o u r c e  o f  
a tm o s p h e r ic  d u s t , to  w h ic h  th e  v a r io u s  o c c u p a t io n s  a n d  
in d u s tr ie s  o f  th e  h u m a n  r a c e  c o n t r ib u te  n o  in c o n s id e r a b le  
a m o u n t . A m o n g s t  th e  im m e d ia te  s o u r c e s  o f  d u s t  u n d e r  th is  
h e a d in g  co m e  fir s t  th e  c o n s ta n t  w e a r in g  d o w n  o f  th e  e a r th ’ s 
s u i ia c e  b y  th e  a c t io n  o f  ra in , fr o s t , w in d , a n d  o th e r  a g e n ts  
o f  d e n u d a t io n , a n d  th e  so lid  p a r t ic le s  o f  s o d iu m  c h lo r id e  a n d  
e th e r  sa lts  d e r iv e d  f r o m  se a  s p r a y  ; s e c o n d ly , th e  e n o r m o u s  
n u m b e r  o f  m in u te  a n im a l a n d  v e g e t a b le  o r g a n is m s , d e a d  
a n d  l iv in g ,  w h ic h  a re  c o n s ta n t ly  p a s s in g  in to  th e  a ir , as 
a lso , th e  p o l le n  fr o m  fo r e s t  tr e e s  a n d  s m a lle r  p la n t s ;  a n d  
t h n d ly ,  th e  v e iv  v a r ie d  d u s t  g iv e n  o f f  fr o m  th e  c o m b u s t io n  
o f  c o a l ,  w o o d ,  a n d  o th e r  fu e ls ,  f r o m  m ills  a n d  fa c t o r ie s  
o f  a ll  k in d s ,  a n d  in d e e d  f r o m  a n y  p la c e  w h ic h  h u m a n  
b e in g s  in h a b it . M r . A it k e n , w h o s e  r e s e a r c h e s  a re  r e f e r ­
r e d  to  la te r , h a s  fo u n d , w h e n  e x a m in in g  in to  th e  a m o u n t  
o f  d u s t  in th e  a ir  o f  an  o p e n  s p a c e  in  th e  c o u n tr y , th a t  
it  is  e a s i ly  p o s s ib le  to  d e t e c t  th e  e x is te n c e  o f  a  h o u s e  o r  
h o u s e s  in v is ib le  t o  th e  o b s e r v e r  b y  a  c h a n g e  in  th e  d ir e c -

* It has been estimated that about 20,000,000 meteorites reach the earth 
dall-v> t  v, p, 6, et sej.
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t io n  o f  th e  w in d , "w h ereby  th e  la t te r , in s te a d  o f  r e a c h in g  th e  
o b s e r v e r  a ft e r  b lo w in g  o v e r  u n in h a b ite d  c o u n t r y , is  c a u s e d  
t o  b lo w  o v e r  a  sm a ll v i l la g e  o r  o th e r  in h a b it e d  p la c e . A n  
im m e d ia te  r is e  in  th e  n u m b e r  o f  d u s t  p a r t ic le s  is  th e  re su lt .

H a v in g  p r o v e d  b y  e x p e r im e n t  th a t  m o is tu re  a lw a y s  
c o n d e n s e s  u p o n  a  s o lid  n u c le u s , w h ic h  is  g e n e r a l ly  a  d u s t  
p a r t ic le , M r . A i t k e n  t o o k  a d v a n ta g e  o f  th is  d is c o v e r y  
to  in v e n t  a n  a p p a ra tu s  b y  m ea n s  o f  w h ic h  th e  n u m b e r  o f  
d u s t  p a r t ic le s  in  a n y  sa m p le  o f  a ir  m ig h t  b e  a s c e r ta in e d .
T h is  D u s t -C o u n te r  c a n n o t  b e  d e s c r ib e d  in  d e ta il  h e re , b u t  
th e  p r in c ip le  o f  its  c o n s t r u c t io n  a n d  u se  is  as fo l lo w s  :

A n  inverted  - fla sk  o f  k n o w n  c a p a c i t y  is  f i l le d  w ith  d u s t -  
f r e e  a ir  o b ta in e d  b y  d r a w in g  a ir  in to  it  t h r o u g h  a c o t t o n  
w o o l  f i l t e r *  I n t o  th is  fla sk  is  a d m itte d  a m e a s u r e d  a m o u n t  
o f  th e  a ir  to  b e  e x a m in e d , sa y  2 c .c .  In s id e  th e  in v e r te d  
fla sk  a t a  c e r ta in  d is ta n c e  fr o m  its  in v e r t e d  b o t t o m  is  a 
sm a ll counter"!" w ith  a  s i lv e r e d  s u r fa c e . B y  a  s im p le  d e v ic e  
th e  a ir  in  th e  fla sk  is  k e p t  a lm o s t  c o m p le t e ly  s a tu r a te d , so  
th a t  b y  a  s u d d e n  r e d u c t io n  o f  th e  p r e s s u r e — b y  m e a n s  o f  a 
s t r o k e  o f  a  sm a ll a ir -p u m p  a t t a c h e d — th e  m o is tu r e  is  c o n ­
d e n s e d  u p o n  th e  d u s t  p a r t ic le s  w it h in  th e  f la sk . A l l  th e  
m in u te  d r o p le t s  th u s  f o r m e d  in  th e  a ir  b e tw e e n  th e  b o t to m  
o f  th e  fla sk  a n d  th e  u p p e r  s u r fa c e  o f  th e  c o u n te r , sa y  1 c .c . ,  
fa l l  u p o n  th e  la tte r , w h o s e  s u r fa c e  is  d iv id e d  in to  m e a su re d  
s q u a re s . B y  c o u n t in g  th e  n u m b e r  o f  d r o p le t s  o n  a  c e r ta in  
n u m b e r  o f  th e s e  s q u a r e s , t h r o u g h  th e  a id  o f  a  h a n d  le n s , 
th e  t o ta l  n u m b e r  o f  d u s t  p a r t ic le s  c o n t a in e d  in  th e  a ir  a b o v e  
th e  c o u n te r , i.e., in  1 c .c . ,  is fo u n d , a n d  f r o m  th a t  is  c a lc u ­
la te d  th e  to ta l  n u m b e r  in  th e  fla sk , i.e., in  th e  2 c .c .  o f  
d u s ty  a ir  o r ig in a l ly  a d m it te d . F r o m  th is  r e s u lt  a  s im p le  
c a lc u la t io n  w ill  g iv e  th e  n u m b e r  p r e s e n t  in a  c u b ic  f o o t  o r  
a n y  o t h e r  d e s ir e d  a m o u n t  o f  th e  o r ig in a l  a ir . S in c e  th e  
in v e n t io n  o f  th is  a p p a r a tu s  M r . A it k e n  h as d e s ig u e d  a  m o r e  
p o r t a b le  o n e  w h ic h  h e  h a s  n a m e d  th e  P o c k e t  D u s t -C o u n te r .
C a r e fu l  o b s e r v a t io n s  in  I n d ia  w ith  th is  in s tr u m e n t , i f

* Of tlie same nature as those used in bacteriological work, t>. Part III,
t  Analogous to those used for counting bacteiiul colonies, or the cor­

puscles of the blood.
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s u ffic ie n t ly  n u m e ro u s  a n d  c o m b in e d  w ith  s im u lta n e o u s  
m e t e o r o lo g ic a l  r e c o r d s , w o u ld  d o u b t le s s  y ie ld  v e r y  in te r ­
e s t in g  re su lts .

T h e  n u m b e r  o f  d u s t  p a r t ic le s  in  th e  a ir  h as b e e n  fo u n d  
to  v a r y  e n o r m o u s ly  b o t h  a t d if fe r e n t  p la c e s  a n d  a t th e  sa m e  
lo c a l i t y  u n d e r  v a r y in g  c o n d it io n s . T h u s , in  i l lu s tra t io n  o f  
th e  fo r m e r  s ta te m e n t , th e  n u m b e r  h a s  b e e n  fo u n d  to  v a r y  
f r o m  0  d u s t  m o te  in  1 c .c .  o f  a ir  o n  th e  t o p  o f  B e n  N e v is ,  
th e  h ig h e s t  h ill  in  G r e a t  B r ita in , t o  2 1 0 ,0 0 0  in  1 c .c .  in  th e  
a ir  o f  th e  c i t y  o f  P a r is . I n  i llu s tr a t io n  o f  th e  la t te r  s ta t e ­
m e n t , a r e fe r e n c e  t o  M r . A it k e n ’ s r e s e a r c h e s  a n d  ta b le s  
s h o w s  th a t  th e  a ir  in  D u m fr ie s , a  to w n  in  S c o t la n d , c o n ­
ta in e d  11,000  p a r t ic le s  p e r  1 c .c .  a t  10 a .m . o n e  d a y , w h ils t  
n e x t  m o r n in g  a t 10  a .m ., th e r e  w e r e  b u t  3 2 5  p e r  1 c .c .  F o r  
th e se  v a r ia t io n s  th e r e  a re  v e r y  n u m e ro u s  re a s o n s , s u ch  as 
th e  s t r e n g th  a n d  d ir e c t io n  o f  th e  w in d , p r e s e n ce  o r  a b s e n c e  
o f  ra in , e t c .  A  su m m a i’y  o f  th e  c o n c lu s io n s  a r r iv e d  a t b y  
th e  a b o v e  o b s e r v e r  is  h e r e w ith  g iv e n , b u t  th e  w h o le  s u b je c t  
is s t ill  fa r  fr o m  b e in g  c o m p le t e ly  e lu c id a te d .

1st. T h e  e a r th ’ s a tm o s p h e r e  is  g r e a t ly  p o l lu t e d  w ith  
d u s t  p r o d u c e d  b y  h u m a n  a g e n c y .

2 n d . T h is  d u s t  is  c a r r ie d  to  c o n s id e r a b le  e le v a t io n s  
b y  th e  h o t  a ir  r is in g  o v e r  c i t ie s ,  b y  th e  h o t  
a n d  m o is t  a ir  a r is in g  f r o m  s u n -h e a te d  a re a s  
o f  th e  e a r th ’ s s u r fa c e , a n d  b y  w in d s  d r iv iu g  
th e  d u s ty  a ir  u p  t b e  s lo p e s  o f  h ills .

3 rd . T h e  t r a n s p a r e n c y  o f  th e  a ir  d e p e n d s  o n  th e  n u m -

t b e r  o f  d u s t  p a r t ic le s  in  it , a n d  a ls o  o n  its
h u m id ity . T h e  le ss  th e  d u s t  th e  m o r e  t r a n s ­
p a r e n t  is  th e  a ir , a n d  t h e  d r y e r  th e  a ir  th e  
m o r e  t r a n s p a r e n t  it  is. T h e r e  is  n o  e v id e n c e  
th a t  h u m id ity  a lo n e — th a t  is , w a te r  in  its  
g a s e o u s  c o n d it io n , a n d  a p a rt  f r o m  d u s t— -has 
a n y  e f fe c t  o n  th e  t r a n s p a r e n c y .

4 th . T h e  d u s t  p a r t ic le s  in  th e  a tm o s p h e r e  m a y  h a v e  
v a p o u r  c o n d e n s e d  o n  th e m  e v e n  t h o u g h  th e  a ir  

i t s e l f  is  n o t  s a tu ra te d .
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5 th . T h e  a m o u n t  o f  v a p o u r  c o n d e n s e d  o n  th e  d u s t  in  
u n sa tu ra te d  a ir  d e p e n d s  o n  th e  ‘ r e la t iv e  
h u m id i t y ’  a n d  a lso  o n  th e  ‘ a b s o lu te  h u m i­
d ity  ’  o f  th e  air. T h e  h ig h e r  th e  h u m id ity  
a n d  th e  h ig h e r  th e  v a p o u r  te n s io n , th e  
g r e a te r  is  th e  a m o u n t  o f  m o is tu re  h e ld  b y  
th e  d u s t  p a r t ic le s  w h e n  th e  a ir  is  n o t  s a tu ­
r a te d .

6 th . H a z e  is  g e n e r a l ly  p r o d u c e d  b y  d u s t , a n d  i f  th e  
a ir  b e  d r y , th e  v a p o u r  h a s  b u t  l it t le  e f fe c t ,—  
a n d  th e  d e n s ity  o f  th e  h a z e  d e p e n d s  c h ie fly  
on  th e  n u m b e r  o f  p a r t ic le s  p r e s e n t .

7 th . N o n e  o f  th e  te s ts  m a d e  o f  th e  M e d ite r r a n e a n  sea  
a ir  s h o w  it  to  b e  v e r y  f r e e  fr o m  d u s t .

8 tli. T h e  a m o u n t  o f  d u s t  in  th e  a tm o s p h e r e  o f  p u r e  
c o u n t r y  d is t r ic t s  v a r ie s  w ith  th e  v e lo c i t y  a n d  
d ir e c t io n  o f  th e  w i n d ; fa l l  o f  w in d  b e in g  
g e n e r a lly  a c c o m p a n ie d  b y  a n  in c r e a s e  in  d u s t . 
W in d s  b lo w in g  f r o m  p o p u lo u s  d is t r ic t s  g e n e ­
r a l ly  b r in g  d u s ty  a ir .

9 th . T h e  o b s e r v a t io n s  a re  s t i l l  t o o  f e w  to  a f fo r d  s a t is ­
fa c t o r y  e v id e n c e  o f  th e  r e la t io n  b e t w e e n  th e  
a m o u n t  o f  th e  d u s t  iu  th e  a tm o s p h e r e  a n d  

c l im a te .*

I t  s h o u ld  b e  n o te d  th a t  th e se  o b s e r v a t io n s  h a v e  r e f e r ­
e n c e  s o le ly  t o  th e  q u a n t ity  o f  d u s t  p r e s e n t  a n d  ta k e  n o  
a c c o u n t  o f  i t s  q u a lity .  I n  its  r e la t io n s h ip  t o  h e a lth  b o th  
a s p e c t s  o f  th is  q u e s t io n  a re  o f  im p o r ta n c e . F o r  e x a m p le , 
in s ta n c e s  h a v e  b e e n  g iv e n  in  th e  fir s t  c h a p t e r f  w h e r e  in  
th e  o n e  c a s e  i t  is  m o re  e s p e c ia l ly  t h e  quantity  o f  d u s t  
in h a le d  w h ic h  is  in ju r io u s ,  w h ils t  iu  a n o th e r  i t  is  th e  
quality , t h o u g h  o f  c o u r s e  th e  q u a n t ity  a n d  q u a l i t y  a re  m o r e

* Mr. Aitken’s pnpers have already been referred to, v .f. note* on p. 318. 
The large Dnst-Counter will be found figured and described in Trans. 
R.S.E., Vol. XXXV., 1888; the Portable Dust-Counter in Proe. li.S.E., 
Vol. XVI., 1889; and the paper here referred to, in Proe. li.S.E., Vol. 
XVII., 1889-90. + v .  pp. 6-7.

/ ' j S *  ' GcW \



! (t  B (si384 CLIMATE AND METEOROLOGY.
x%»?

o r  le ss  c o r r e la t e d .*  I t  is, r o u g h ly  s p e a k in g , th e  in o r g a n ic  
d u s t  p a r t ic le s  w h ic h  a re  h a r m fu l o n ly  w h e n  p r e s e n t  in  
g r e a t  q u a n t ity , w h ils t  a  v e r y  sm a ll a m o u n t  o f  o r g a n ic  
p a r t ic le s  i f  c o n s is t in g  o f  p a t h o g e n ic  o rg a n is m s  m a y  g iv e  
r ise  to  s e r io u s  d ise a s e . T h is  m a y  b e  c a l le d  th e  ind iv id ua l 
r e la t io n  o f  d u s t  to  th e  h e a lth  o f  h u m a n  b e in g s . T h e  
te n d e n c y  o f  th e  re s e a r c h e s  a b o v e  r e fe r r e d  to  is  to  s h o w  
th a t  i t  e x e r c is e s  a  m o s t  im p o r ta n t  general in flu e n c e  u p o n  
h e a lth , b y  th e  in t im a te  r e la t io n  th a t  e x is ts  b e tw e e n  th e  
a m o u n t  p f  a tm o s p h e r ic  d u s t  a n d  th e  te m p e r a tu r e  o f  th e  
a ir , it s  h u m id ity , t r a n s p a r e n c y , e le c t r ic a l  c o n d it io n , e t c . ,  
e t c .  T h e r e  is  n o  d o u b t  th a t  fu tu r e  in v e s t ig a t io n  in  In d ia  
w ill  d e m o n s tr a te  m o s t  im p o r ta n t  r e la t io n s h ip s  e x is t in g  
b e tw e e n  th e  h e a lth  o f  c o m m u n it ie s  a c c o r d in g  as th e y  l iv e  
in  c r o w d e d  a n d  d u s ty  c it ie s , le ss  d u s ty  v il la g e s , o r  in  th e  
p u r e r  a ir  o f  th e  h ill  sa n ita r ia , a n d  th a t  th e  r e la t io n s h ip  w ill  
p r o v e  to  b e  b o th  an  in d iv id u a l  a n d  a  g e n e r a l  o n e .

CLIMATOLOGY.

H a v in g  s tu d ie d  in d iv id u a lly  e a c h  o f  th e  im p o r ta n t  fa c to r s  
o f  c l im a te , it  is  n o w  n e c e s s a r y  to  c o n s id e r  th e m  c o l le c t iv e ly  
as c o n s t itu t in g , b y  t h e ir  v a r io u s  lo c a l  m a n ife s ta t io n s , th e  
c l im a te  o f  a n y  p a r t ic u la r  p la c e . A t  th e  c o m m e n c e m e n t  o f  
th is  c h a p t e r  c l im a te  w a s  d e fin e d  as ‘ th e  su m  o f  th e  lo c a l  
a tm o s p h e r ic  a n d  p h y s ic a l  c o n d it io n s  in  t h e ir  r e la t io n s h ip  
t o  a n im a l a n d  v e g e t a b le  l i f e /  a n d  in  th e  s tu d y  o f  C lim a to ­
l o g y  i t  is  th e  a im  o f  th e  in v e s t ig a t o r  to  c o m p a r e  t o g e t h e r  
a n d  c la s s i fy  th e  d i f fe r e n t  v a r ie t ie s  o f  c l im a te  a u d  th e ir  
e f fe c ts  u p o n  h e a lth , as  a lso  u p o n  o th e r  im p o r ta n t  e c o u o m ic  
c o n d it io n s  w ith  w h ic h  w e  a re  n o t  h e re  c o n c e r n e d . In  
c h a p te r  in .  i t  w a s  s h o w n  h o w  direct is  th e  c o n n e c t io n  
b e tw e e n  h e a lth  o r  th e  r e v e r s e  a n d  th e  p h y s ic a l  c o n d it io n s  
o b t a in in g  a t a n y  p la c e ,  a n d  i t  is  e v id e n t  fr o m  w h a t  h a s  
b e e n  sa id  p r e v io u s ly  in  th e  p r e s e n t  c h a p te r , th a t  th e  t e m ­
p e r a tu r e , ra in fa ll ,  h u m id ity , a n d  o t h e r  c l im a t ic  fa c t o r s  a re

* Somewhat in the same way, one sample of water may he injurious to 
health owing to the quantity of impurity, e.g., magnesium sulphate, whilst 
another sample may contain a very small quantity of impurity, but what 
there is may be of very injurious quality, e.g,, the poison of typhoid fever.
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g r e a t ly  m o d if ie d .b y  lo c a l  p h y s ic a l  c o n d it io n s , w h ic h  la t te r  
th u s  e x e r t  a n  indirect in flu e n c e  u p o n  h e a lth  as w e ll. I t  is  
n e c e s s a ry , th e r e fo r e , b e fo r e  g o in g  fu r th e r , to  sa y  a  f e w  
w o r d s  r e g a r d in g  th e  g e o g r a p h ic a l  p o s it io n  a n d  su r fa c e  
c h a r a c te r s  o f  th is  c o u n t r y  in  so  fa r  as t h e y  b e a r  u p o n  
h e a lth , d ir e c t ly  o r  in d ir e c t ly .

R o u g h ly  s p e a k in g , th e  In d ia n  E m p ir e  e x te n d s  a t its  
lo n g e s t  a n d  b r o a d e s t  p a r ts  fr o m  th e  e ig h th  t o  th e  t h ir t y -  
s ix th  d e g r e e  o f  n o r th  la t itu d e  a n d  fr o m  th e  s ix t y -s e c o n d  to  
th e  o n e  h u n d r e d  a n d  th ir d  m e r id ia n  o f  e a s t  lo n g it u d e .  
D is r e g a r d in g  f o r  th e  p r e s e n t  th a t  p a r t  o f  th e  e m p ire  k n o w n  
as B u rm a , le t  th e  s tu d e n t  e x a m in e  c a r e fu l ly  th e  p o s it io n  
a n d  fo r m  o f  th e  g r e a t  p e n in s u la  w h ic h  c o n s t itu te s  I n d ia  
p r o p e r . A  l it t le  th o u g h t  w ill  s h o w  h im  th a t  to  its  g e o g r a ­
p h ic a l  p o s it io n  a re  la r g e ly  d u e  th e  v a r ie d  c l im a t ic  p e c u lia ­
r it ie s  it  p re s e n ts . F ir s t ly ,  th e  la r g e r  p a r t  o f  i t  l ie s  w ith in  
th e  t r o p ic a l  z o n e  a n d  th e  r e m a in d e r  lie s  ju s t  b e y o n d , a n d  
t h o u g h  th e  w h o le  o f  it  is  s itu a te d  to  t lie  n o r th  o f  th e  e q u a ­
t o r  it  is  s t il l  o n e  o f  th e  h o tte s t  p la c e s  in  th e  w o r ld . T h is  is  
b e c a u s e  th e  lin e  o f  g r e a te s t  m e a n  h e a t— th e  s o -c a l le d  therm al 
equator— d o e s  n o t  f o l lo w  th e  c o u r s e  o f  th e  t r u e  e q u a to r  b u t , 
in  th e  lo n g it u d e  o f  In d ia , b e n d s  n o r th w a r d , r u n n in g  u p  
th r o u g h  C e y lo n  a n d  th e  P e n iu s u la  t o  b e y o n d  th e  t r o p ic  o f  
C a n c e r  a n d  p a s se s  th r o u g h  S in d h  to  th e  A r a b ia n  p e n in s u la  : 
fu r th e r m o r e , w h e r e  th is  l in e  tr a v e r s e s  th e  lo w  p la in  o f  
S . I n d ia  is  o n e  o f  its  h o t te s t  p o r t io n s .*  A g a in ,  t h o u g h  th e  
m e a n  a n n u a l te m p e r a tu r e  is h ig h e s t  in  S o u th e r n  I n d ia ,  th e  
h ig h e s t  te m p e r a tu r e s  o f  th e  y e a r  o c c u r  in  th e  N .W .  o f  
In d ia , a n d  e s p e c ia l ly  S in d h , d u r in g  M a y  a n d  J u n e .

T h e  n e x t  p o in t  c la im in g  a t te n t io n  is  th e  p e c u lia r  r e la t io n  
o f  I n d ia  to  th e  r e s t  o f  th e  g r e a t  A s ia t i c  c o n t in e n t , f r o m  
w h ic h  la t te r  it  p r o je c t s ,  a s  it  w e r e , in to  th e  sea , s o  th a t  t o  
th e  n o r th  o f  it  is  an  e n o r m o u s  e x t e n t  o f  la n d , w h ils t  t o  th e  
s o u th  th e re  is  p r a c t ic a l ly  n o t h in g  b u t  t h e  o p e n  sea . 
F u r th e r , r ig h t  a lo n g  th e  n o r th  o f  I n d ia  a n d  f o r  a  c o n s id e r -

# Blandford.
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a b le  d is ta n c e  a lo n g  its  N .E . a n d  N .W .  b o u n d a r ie s  ru n s  an 
im m e n se  se r ie s  o f  m o u n ta in s , a m o n g s t  th e m  tlie  lo f t ie s t  
p e a k s  in  th e  w o r ld . F r o m  th e  H im a la y a  a  v a s t  ta b le la n d  
f r o m  1 1 ,0 0 0  to  1 8 ,0 0 0  f e e t  a b o v e  sea  le v e l  e x t e n d s  n o r t h ­
w a r d s  f o r  6 0 0  m ile s  a n d  te rm in a te s  in  a  d e s e r t . T o  th is  
p e c u lia r  g e o g r a p h ic a l  p o s it io n , as b e fo r e  s ta te d , a re  d u e  
m a n y  o f  th e  c u r io u s  a n d  p r o n o u n c e d  d if fe r e n c e s  th a t  e x is t  
in  th e  c l im a te s  o f  d if fe r e n t  p a r ts  o f  In d ia .

A l o n g  th e  w e s te rn  s id e  o f  th e  p e n in su la  ru n s th e  g r e a t  
c h a in  o f  m o u n ta in s , f o r m in g  th e  W e s t e r n  G h a ts  (Sahyd d ri) ,  
w h ic h  e x e r c is e s  su ch  an  im p o r ta n t  in flu e n ce  on  th e  d is t r ib u ­
t io n  o f  th e  a n n u a l ra in fa ll . A c r o s s  t lie  c o u n tr y  fr o m  th e  g u l f  
o f  C a m b a y  a lm o st  t o  th e  B e n g a l  p la in  ru n s  a n o th e r  se r ie s  
o f  h ills , th e  S a tp u ra  a n d  A r v a l i*  r a n g e s  a n d  th e  h ig h la n d s  • 
o f  C h u tia  N a g p o r e ,  w h ic h  la t te r  d o  n o t  fo r m  a  c o n t in u o u s  
m ou n ta in  sy stem  b u t  a re  in  r e a lity  a  b e lt  o f  h ig h  la u d  r e p r e ­
s e n t in g  th e  re m a in s  o f  v a s t  r o c k  fo r m a t io n s  th a t  h a v e  b e e n  
w o rn  d o w n  a n d  d e n u d e d  to  th e  n o r th  a n d  so u th . L a s t ly ,  
a lo n g  th e  E . c o a s t  th e re  is a  b r o k e n  se r ie s  o f  h ills , n o t  n e a r ly  
so  w e ll-d e f in e d  a n d  c o n t in u o u s  as is  c o m m o n ly  im a g in e d , 
w h ic h  is  k n o w n  as th e  E a s te r n  G h a ts  a n d  is  p r o b a b ly  
s im ila r  in  m o d e  o f  fo r m a t io n  t o  th e  C e n tra l  I n d ia n  r id g e .

B e tw e e n  th e  H im a la y a  m o u n ta in s  a n d  th e  h ills  o f  C e n tra l 
I n d ia  lie  th e  g r e a t  r iv e r  s y s te m s  o f  th e  B r a h m a p u tr a , 
G a n g e s , In d u s  a n d  o th e r  r iv e r s . S o u th  o f  th e  S a tp u ra  a n d  
n e ig h b o u r in g  r a n g e s  s tr e tc h e s ’ th e  ta b le la n d  o f  th e  D e c c a n , 
m e r g in g  g r a d u a l ly  in to  th e  p la in s  o f  S o u th e rn  In d ia , w h ils t  
th e  W e s t e r n  a n d  E a s te r n  G hftts c o n v e r g e  to  a  p o in t  a t 
C a p e  C o m o r in .f

E v e n  fr o m  th e  f o r e g o in g  c o n d e n s e d  d e s c r ip t io n  o f  th e  
m o s t  n o t ic e a b le  p h y s ic a l  f e a t u r e s  o f  th e  c o u n t r y  th e  
s tu d e n t  w o u ld  b e  p r e p a r e d  t o  e x p e c t  th a t  th e  lo c a l  c o n d i ­
t io n s  m u st  v a r y  g r e a t ly  in  d i f fe r e n t  p la c e s . S u c h  in d e e d  
is  th e  ca s e  to  a  m o s t  r e m a r k a b le  d e g r e e  a u d  it  m a y  b e

* Striking nearly S.W. to N.B. in Rajputana.
f  Strictly speaking, the Eastern and Western Gbits unite just to the 

south of the Nilgiri hills, whilst an irregular chain of hills runs down from 
there to the end of the peninsula at Cape Comorin.
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sa id  w ith o u t  fe a r  o f  e x a g g e r a t io n  th a t  th e r e  is  h a r d ly  a 
p h y s ic a l  fe a tu r e  o r  c o n d it io n  m e t  w ith  in  th e  v a r io u s  p a r ts  
o f  th e  e a r th ’ s s u r fa c e  th a t  is  n o t  t o  b e  fo u n d  so m e w h e r e  in  
I n d ia .  T h e r e  a re  h ills  o f  e v e r y  e le v a t io n  f r o m  a  fe w  fe e t  
a b o v e  se a  le v e l  to  th e  g r e a te s t  h e ig h t *  in  th e  w o r ld . T h e r e  
a re  h i l ls  w h o s e  p e a k s  r ise  fa r  a b o v e  th e  l in e  o f  p e r p e tu a l  
s n o w , th e r e  a re  o th e r s  c la d  w ith  d e n s e  t r o p ic a l  a n d  s u b ­
t r o p ic a l  g r o w th s  t o  th e ir  su m m its , w h ils t  o th e r s  a re  d e v o id  
o f  a n y  la r g e r  p la n ts  th a n  sm a ll sh r u b s  a n d  c o a r s e  g ra ss .
T h e r e  a re  e le v a t e d  ta b le la n d s  f r o m  w h ic h  th e  s n o w  n e v e r  
m e lts , th e r e  is . th e  ju n g le - c o v e r e d  ta b le la n d  o f  C e n tra l 
I n d ia , th e  b a r e  a n d  r o c k y  ta b le la u d  o f  th e  D e c c a n ,  th e  
g r a s s y  ta b le la n d  o f  th e  M y s o r e  p la te a u . T h e r e  a re  im - 

• m e u se  r iv e r s  r u n n in g  t h r o u g h  r ic h  a llu v ia l  v a l le y s ,  w h ic h  
y e a r ly  c a r r y  se a w a rd s  th e  w a te r  fr o m  th e  m e lt in g  sn o w s , 
th e r e  a re  r iv e r s  w h ic h  a t c e r ta in  se a so n s  a re  r a g in g  f lo o d s  
a t  o th e rs  a  m e re  s tre a k  o f  w a te r  in  a  v a s t  s a n d y  b e d ,  
w h i ls t  m a n y  re m a in  c o m p le t e ly  d r y  f o r  m o n th s  t o g e t h e r .
T h e r e  a re  d r y  s a n d y  d e s e r ts , r ic h  p la in s  w e l l -w a t e r e d  b y  
n a tu re  o r  i r r ig a t e d  b y  can a l's , th e  d e a d ly  terai ju n g le  at 
th e  f o o t  o f  m o u n ta in  r a n g e s , la k e s , sw a m p s  a n d  b a c k w a te r s , 
a n d  m a n y  o th e r  p h y s ic a l  fe a tu r e s  p e c u l ia r  to  d i f fe r e n t  
p o r t io n s  o f  th e  c o u n tr y .

Glassification of C lim ates.— C lim a te s  h a v e  b e e n  v e r y  
v a r io u s ly  c la s s if ie d  b y  d i f fe r e n t  w r ite r s . I t  m ig h t  a p p e a r  
a t fir s t  s ig h t  as i f  a  c la s s if ic a t io n  b y  latitude  w a s  fe a s ib le , 
b u t  a  l it t le  c o n s id e r a t io n  w ill  s o o n  s h o w  th is  t o  b e  im p r a c t i ­
c a b le  : f  so , a lso , b y  isotherms,% s in c e  t w o  p la c e s  w ith  th e  
sa m e  m e a n  a n n u a l t e m p e r a tu r e  m a y  h a v e  v e r y  d i f fe r e n t  
c l im a te s , as  a lr e a d y  e x p la in e d .§ N o  s t r i c t ly  s c ie n t i f ic  
a r r a n g e m e n t  is  p o s s ib le .  P r o b a b ly  th e  th re e  m o s t  im p o r t ­
a n t  p o iu ts  t o  b e  c o n s id e r e d  in  c la s s i fy in g  c l im a te s  a re  (.1) 
th e  l a t i t u d e ; (2 ) th e  r e la t iv e  q u a n t it ie s  o f  la n d  a n d  w a te r  
s u r fa c e  ; a n d  (3 ) th e  a lt itu d e  a b o v e  sea  le v e l .  B u t  th e r e

* Mount Everest, 29,002 feet. t  v. p.' 286, para. 4.
£ Analogous to isobars (p. 354), but indicating places with the same 

mean annual temperature.
| v. p, 301.



a re  m a n y  o t h e r  im p o r ta n t  th in g s  to  b e  n o te d , s u c h  as th e  
h u m id ity , p r e v a i l in g  w in d s , o c e a n  cu rre n ts , e tc .

T h e  f o l l o w in g  c la s s if ic a t io n  is  th a t  a d o p te d  b y  an  em i­
n e n t  a u th o r ity , D r .  C . T h e o d o r e  W il l ia m s  *

1. IF  arm C lim ates: E q u a to ria l; T ro p ica l; Sub-tro­
p ica l.— C lim a te  o f  r e g io n s  ly in g  b e tw e e n  th e  
e q u a to r  a n d  3 5 °  la t itu d e  N . a n d  S . C h a r a c te r ­
is e d  b y  h ig h  te m p e ra tu re , w ith  (as  a  ru le ) h e a v y  
r a in fa ll ,  a n d  d r y  a n d  r a in y  sea son s .

2. Temperate Clim ates.— C lim a tes  o f  r e g io n s  ly in g
b e tw e e n  3 5 °  a n d  5 0 ° la t itu d e , w ith  fo u r  w e ll-  
m a r k e d  se a s o n s— a p r e p o n d e r a n c e  o f  r a in fa ll  

. in  a u tu m n  a n d  w in te r — h a v in g  a  m e a n  te m p e r ­
a tu re  f r o m  5 0° F . to  60 ° F . a n d  c o n s id e r a b le  * 

. e x tre m e s .

3. Cold Clim ates.— C lim a te s  o f  r e g io n s  ly in g  b e tw e e n
5 0° la t itu d e  a n d  th e  p o le s , m a r k e d  b y  g r a d u a l  
r e d u c t io n  o f  t e m p e r a tu r e  as  th e  p o le  is  a p ­
p r o a c h e d , th e  g r e a te s t  c o ld  b e in g  10° fr o m  it.
T h e  sea son  th e r e  c o n s is ts  o f  a  l o n g  w in te r  o f  
te n  m o n th s  a n d  o f  a f e w  w e e k s  o f  su m m e r . 
R a in fa l l  sm a ll a n d  g e n e r a l ly  in  fo r m  o f  sn o w .
A u r o r a  b o r e a lis  fr e q u e n t .

4 . M arine Clim ates.— C h a r a c te r is e d  b y  th e  p r e s e n c e
o f  th e  m a r in e  in f lu e n c e — i.e., c o a s ts , is la n d s , 
p e n in s u la s  w a s h e d  b y  th e  o c e a n  o r  sa lt  sea s , 
a n d  o w in g  th e ir  fr e e d o m  fr o m  e x tr e m e s  to  w a rm  
c u r r e n ts  a n d  th e  e q u a lis in g  in flu e n c e  o f  th e  
o c e a n . S u c h  is  th e  c l im a te  o f  G re a t  B r ita in , 
o f  I r e la n d , o f  N o r w a y , a n d  o f  m a n y  is la n d s .
W e  a lso  in c lu d e  in  th is  d iv is io n  th e  c l im a te  
e x p e r ie n c e d  in  se a  v o y a g e s .

5 . M ountain Clim ates.— C h a r a c te r is e d  b y  d im in is h e d
b a r o m e t r ic  p re s s u re , in c r e a s e d  d ia th e r m a n c y , 
a n d  b y  e x t r e m e s  o f  t e m p e ra tu re . " .

# v. S. and M., p. 203. It is much tlie same arrangement as that of Dr 
Henry Bennett, v. Qnnin’ s Viet, of Med., article ‘ Climate.’

• V @  , . 388 CLIMATE AND METEOEOLOGY.



' G% \/<̂ >--- x V \  ,,

CLIMATOLOGY. , 3 8 9

I n  t lie  a b o v e  c la s s if ic a t io n  it  w i l l  b e  seen  t b a t  t b e  firs t  
th r e e  d iv is io n s  a re  a r r a n g e d  a c c o r d in g  to  la t itu d e  ; in  th e  
fo u r t h ,  la t itu d e  is  p r a c t ic a l ly  d is r e g a r d e d  w h ils t  th e  in f lu ­
e n c e  o f  a  la r g e  s u r fa c e  o f  w a te r , s u c h  as th e  sea , r e c e iv e s  
th e  c h ie f  p la c e  ; iu  th e  f i f th , e le v a t io n  a b o v e  se a  l e v e l  is  
th e  p r in c ip le  fe a tu re .

A n o t h e r  g r e a t  a u th o r ity , D r . H e r m a n n  W e b e r ,  m a k e s  
th e  p r e s e n c e  o r  a b s e n c e  o f  th e  'm a r in e  in f lu e n c e ’  th e  
p r im a r y  b a s is  o f  c la s s if ic a t io n  a n d  a r r a n g e s  th e m  t h u s :

A .  M arine Clim ates ( I s la n d  a n d  C o a s t  c l im a te s ) .

-  1. H u m id  M a r in e  C lim a te s  j

2 . M a r in e  C lim a te s  w ith  M e a n  H u rn i-
d ity .

3 . D r y  M a r in e  C lim a te s .

B . In la n d  Clim ates.*

1. A l t i t u d e  o r  M o u u ta in  C lim a tes .
2 . L o w la n d  o r  P la in  C lim a tes ,

F r o m  th e  a b o v e  t lie  s tu d e n t  c a u  s e e  h o w  d if fe r e n t  a re  
th e  p r o p o s e d  a r r a n g e m e n ts  a n d  h o w  e m p ir ic a l  o r  in c o m ­
p le te  th e  c la s s i f ic a t io n  a d o p t e d ,  b u t  h e  w ill  b e  e n a b le d  to  
fo r m  s o m e  id e a  o f  th e  le a d in g  t y p e s  o f  c l im a te  a n d  w h a t  
p o in ts  r e c e iv e  s p e c ia l  a t te n t io n . V e r y  fu l l  in fo r m a t io n  
c a n  b e  o b t a in e d  f r o m  a n y  o f  th e  a r t ic le s  a l lu d e d  to .+

T h e  m a in  o b je c t  o f  th e  s tu d y  o f  c l im a t o lo g y  is  t o  a s c e r ­
ta in  th e  n a tu re  o f  th e  r e la t io n s h ip  th a t  u n d o u b t e d ly  e x is ts  
b e t w e e n  c e r ta in  c l im a te s  o r  c l im a t ic  c o n d it io n s  a n d  ce r ta in  
d ise a s e s , iu  th e  d i r e c t io n  o f  fa v o u r in g  o r  c h e c k in g  th e  
d e v e lo p m e n t  o f  th e  la t te r . T h u s , t h e  v a r io u s  d ise a s e s  
k n o w n  u n d e r  th e  g e n e r ic  n a m e  o f  p h th is is  r e q u ir e  v e r y  
d i f fe r e n t  c l im a te s  f o r  th e ir  im p r o v e m e n t , a c c o r d in g  as th e y  
a re  o f  t u b e r c u la r  o r  p n e u m o n ic  o r ig in , a n d  a c l im a te  v e r y

* “ The great varieties of climates comprised in this division might be 
sub-divided into many groups, according to meteorological characters and 
therapeutical effects on invalids, but considering the great drawbacks of all 
classifications we humbly resign ourselves to two rather primitive sub-divi­
sions.”  H. Weber, Book of Health, Article ‘ Climates and Health Besorta.’

+ Especially that by Hermann Weber, op. cif., and by the Bamo author 
in Zietussen’s Hand-hook of Therapeutics,
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s u ita b le  f o r  a  p e r s o n  s u ffe r in g  fr o m  c h r o n ic  b r o n c h it is  m a y  
b e  e x t r e m e ly  u n s u it a b le .fo r  a  c a s e  o f  r h e u m a tism , a n d  so  
ou . A n d  th is  q u e s t io n  h as a  d o u b le  a s p e c t , f o r ,  o n  th e  o n e  
h a n d , a  p a t ie n t  a lr e a d y  a ff lic te d  m a y  b e  s p e c ia l ly  o r d e r e d  
to  le a v e  o n e  p la c e  a n d  to  g o  to  a n o th e r  f o r  th e  p u r p o s e  o f  
a r r e s t in g  o r  le s s e n in g  h is  d is e a s e — th e  th e r a p e u t ic  u se  o f  
c lim a te  in  a n  in d iv id u a l  c a s e — w h ils t  o n  th e  o th e r  h a n d  
c a ie fu l  s tu d y  o f  th e  r e la t io n s h ip  b e tw e e n  th e  c l im a t ic  
fa c t o r s  o f  a n y  lo c a l i t y  a n d  its  p r e v a le n t  d ise a se s  m a y  
d e m o n s tr a te  th e  l ia b i l i t y  o f  th e  in h a b ita n ts  o f  th a t  lo c a li ty  
t o  p a r t ic u la r  d ise a s e s  a t c e r ta in  se a so n s , a c c o r d in g  as o n e  
fa c to r ,  s u c h  as te m p e r a tu r e , h u m id ity , e t c . ,  is  s p e c ia l ly  
p r o m in e n t— th e  s tu d y  o f  th e  se a s o n a l p r e v a le n c e  o f  d is ­
e a se  a m o n g s t  th e  p o p u la t io n  g e n e r a l ly — a  m o s t  im p o r ta n t  
b u t  v e r y  c o m p le x  q u e s t io n .*  A s  s ta te d  b e f o r e , t  th e  s tu d y  
o f  th e  se a so n a l p r e v a le n c e  o f  d ise a se s  in  In d ia , a n d  th e ir  
c o r r e la t io n  w ith  o th e r  fa c to r s ,  is w o r th y  o f  fa r  m o r e  s y s t e ­
m a t ic  s tu d y , a n d  o f  o ffic ia l h e lp  a n d  e n c o u r a g e m e n t  to w a r d s  
th e  sa m e , th a n  h a v e  y e t  b e e n  a c c o r d e d  to  it .

Climates o f In d ia .— O n ly  a  v e r y  b r ie f  su m m a ry  o f  th e  
c h ie f  c lim a te s  in  I n d ia  p r o p e r  c a n  b e  g iv e n  h e r e ; f o r  
fu l le r  in fo r m a t io n  th e  s tu d e n t  m u st c o n s u lt  th e  e x c e l le n t  
Avorks o f  B la n d fo r d — fr o m  Avhich th e  f o l lo w in g  ta b le s  a n d  
m o s t  o f  th e  in fo r m a t io n  a re  d e r iv e d — o f  M acN am ara, 
F a y r e r ,  B a ik ie , L o r d ,  M o o r e , a n d  o th e r s .

T h e  firs t  p o in t , w h ic h  w ill  n o t  b o  u n e x p e c t e d  b y  a n y  
o n e  Avho h a s  s tu d ie d  th e  re m a rk s  p r e v io u s ly  m a d e  o n  th e  
g e o g r a p h y  a n d  p h y s io g r a p h y  o f  I n d ia ,  is  th e  w o n d e r fu l  
v a r ie t y  o f  th e  c l im a te s  in  th is  c o u n t r y . “  N o r t h e r n  o r  
e x t r a - t r o p ic a l  I n d ia  a lo n e , in  its  m o s t , e a s te r ly  a n d  m o s t  
w e s te r ly  p r o v in c e s , in  A ss a m  o n  th e  o n e  h a n d  a n d  in  S in d h

* Dia A. Bnchun, a very able and competent authority, has taken up 
this difficult subject, in connection with the health of London, and has 
found it necessary to divide the year into six periods of which the first is 
characterised by dampness and cold; the second by cold • the third'by 
dryness and cold ; the fourth by dryness and warmth ; the fifth by heat: 
and the sixth by dampness and warmth ; and for each of these there are 
certain diseases which are specially prevalent and give rise to the greater 
part of the mortality during those seasons, p. San. Record for 19th August,
18J3, . f  r. p. 327.



on  t lie  o th e r , p r e s e n t  us w ith  th e  g r e a te s t  p o s s ib le  c o n ­
tra s t  o f  d a m p n e s s  a n d  d r y n e s s , a  c o n tr a s t  g r e a te r  th a n  
th a t  o f  th e  B r it is h  I s le s  a n d  E g y p t ; a n d  w h e n , fu r th e r , 
w e  c o m p a r e  th e  m o s t  n o r t h e r ly  p r o v in c e ,  th e  P u u ja b ,  w ith  
th e  m o s t  s o u th e r ly , s u ch  as T r a v a n c o r e  o r  T e n a s s e r im , 
w e  h a v e  in  th e  fo r m e r  a  c o n t in e n t a l  c l im a te  o f  th e  m o s t  p r o ­
n o u n c e d  c h a r a c te r ,  e x tr e m e  su m m e r  h e a t  a lt e r n a t in g  w it h  
w in te r  c o ld  th a t  so m e tim e s  s in k s  t o  th e  f r e e z in g  p o in t ,  a n d  
in  th e  la tte r  th a t  a lm o s t  u n v a r y in g  w a rm th  iu  c o n ju n c t io n  
w ith  a  u n ifo r m ly  m o is t  a tm o s p h e r e , th a t  is  e s p e c ia l ly  c h a r a c ­
te r is t ic  o f  th e  sh o re s  o f  a  t r o p ic a l  sea . T o  s p e a k , th e n , o f  
th e  c l im a te  o f  I n d ia  as w e  m ig h t  sp etik  o f  th e  c l im a te  o f  
I r e la n d , as  i f  s u c h  e x p r e s s io n  d e n o te d  c e r ta in  d e f in ite  c o n d i ­
t io n s  o f  h e a t  a n d  m o is tu re , v a r y in g  o n ly  w it h in  m o d e r a te  
lim its , a n d  n e a r ly  u n ifo r m  in  th e  s e v e r a l  p r o v in c e s ,  w o u ld  
b e  as m is le a d in g  as i f  w e w e r e  to  s p e a k  o f  it s  in h a b ita n ts  
in  te rm s  im p ly in g  th a t  t h e y  a re  a  h o m o g e n e o u s  r a c e , a lik e  
in  e th n ic  a n d  s o c ia l  c h a r a c te r s , c u ltu r e  a n d  b e l i e f . ” *

I t  is  p r o b a b le  th a t th e s e  v a r ie d  c l im a te s  o f  I n d ia  c o u ld  
b e  a r r a n g e d  w ith  c o n s id e r a b le  a c c u r a c y  u n d e r  th e  th r e e  
h e a d in g s  o f  (1) I s la n d  c l im a t e s ; (2) C o n t in e n ta l  (o r  I n la n d )  
c l im a t e s ; a n d  (3 ) H ill  c l im a te s , b u t n o  r ig id  c la s s if ic a t io n  
u n d e r  a n y  sy s te m  w ill  b e  h e r e  a t te m p te d , a n d , w ith  th e  
e x c e p t io n  o f  a  g e n e r a l  d e s c r ip t io n  o f  th e  c l im a te s  o f  h i l l  
s ta t io n s , th e  r e m a in d e r  w ill b e  a r r a u g e d  a c c o r d in g  to  
lo c a l i ty ,  p r o c e e d in g  f r o m  n o r t h  t o  s o u th , w ith  ta b le s  g iv in g  
th e  m e te o r o lo g ic a l  d a ta  o f  o n e  o r  m o r e  r e p r e s e n ta t iv e  
s ta t io n s  w ith in  e a c h  area..

T h e  H il l  C lim a te s  o f  I n d ia  a re  in  g e n e r a l  d a m p e r  a n d  
c o o le r  th a n  th o s e  o f  th e  n e ig h b o u r in g  p la in s , a n d  as a  c o n ­
s e q u e n c e , o re  s p e c ia l ly  a c c e p t a b le  t o  r o b u s t  a n d  h e a lth y  
E u r o p e a n s  a n d  to  th o s e  w h o  a re  s im p ly  s u f fe r in g  f r o m  th e  
d e b i l i t y  f o l lo w in g  u p o n  lo u g  r e s id e n c e  in  th e  p la in s . C e r ­
ta in  o f  th e m , s u c h  as O o ta c a m u n d , W e l l in g t o n ,  S im la , e t c . ,  
a r e  a b o v e  th e  le v e l  o f  m a la r ia , w h ils t  o th e r s , s u c h  a s

* Blanford,
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Y e r c a u d , P a ch m a r i, M o u n t  A b u ,  e t c .,  a r e 'e it h e r  k n o w n  o r  
s u s p e c te d  to  b e  b e lo w  it. T h is  is  a m o s t  im p o r ta n t  m a tte r  
a n d  d e m a n d s  v e r y  c a r e fu l  a t te n t io n  in  th e  s e le c t io n  o f  an y  
f r e s h  h i ll  s ta t io n . W i t h  r e g a r d  t o  th e  re a l h i ll  sa n ita r ia  
s itu a te d  a t a  le v e l  o f  5 ,0 0 0  fe e t  a n d  u p w a r d s , th e y  a re  
s u ita b le , as b e fo r e  s ta te d , f o r  th o s e  s u ffe r in g  fr o m  m a la r ia , 
o r  fr o m  g e n e r a l  d e b il ity  f o l lo w in g  a c u te  d ise a se  o r  ha i’d  
w o r k  in  th e  p la in s , a n d  th e y  fo r m  d e l ig h t fu l  p la ce s  o f  r e so r t  
t o  th o s e  w h o  ca n  o b ta in  le a v e . B u t  ca se s  in  w h ic h  th e re  
a re  se r io u s  o r g a n ic  le s io n s  o f  th e  c e r e b r a l , th o r a c ic ,  o r  a b d o ­
m in a l v is c e r a , a re  q u ite  u n s u ita b le , a n d  s u ch  sh o u ld  b e  
r e ta in e d  u n d e r  m e d ic a l  tr e a tm e n t  till s t r o n g  e n o u g h  to  t r a v e l  
a u d  th e n  se n t  f o r  a  c h a n g e  t o  E n g la n d  o r  S o u th e rn  E u r o p e .

B e tw e e n  th e  c lim a te s  o f  th e  s a n ita r ia  o n  th e  H im a la y a s  
a n d  N ilg ir is  th e re  is on e  v e r y  m a r k e d  d if fe r e n c e . A t  th e  
fo r m e r  th e  w e a th e r  is  p e r fe c t  f o r  s o m e  m o n th s , e x t r e m e ly  
c o ld  a u d  w e t  d u r in g  o th e rs , w h ils t  a t  th e  la tte r , th e  c l im a te  
is  fa i  m o re  e q u a b le  a n d  th e  r a in fa l l  m o re  e v e n ly  d is t r i ­
b u t e d  t h r o u g h o u t  th e  y e a r . T h e  c l im a te  o f  th e  N i l ig r is  is  
th e  n e a r e s t  a p p r o a c h  t o  th a t  o f  S . E n g la n d  to  b e  fo u n d  in  
I n d ia .*  F o r  t h e  t h in ly - c la d  a n d  p o o r ly -n o u r is h e d  H in d u  
th e  c l im a te s  o f  th e  h ill s ta t io n s  a re  fa r  fr o m  a t t r a c t iv e , a n d  
m a n y  o f  th e m  d ie  o f  p n e u m o n ia , d y s e n t e r y , e t c .,  b u t  o th e r s  
w ith  s t r o n g e r  b o d ie s  a n d  in  e a s y  c ir c u m s ta n c e s  s o o n  
b e c o m e  u s e d  to  th e  lo w e r e d  t e m p e r a tu r e  a n d  fe e l  a  v ig o u r  
o f  m in d  a n d  b o d y  m u c h  b e y o n d  th a t  to  w h ic h  t h e y ° a r e  
a c c u s to m e d . T h e  f o l lo w in g  ta b le s  w ill r e p a y  c a r e fu l  p e r u ­
sa l, i l lu s t r a t in g  as t h e y  d o  th e  c h ie f  c l im a t ic  fe a tu r e s  o f  
f o u r  v e r y  d i f fe r e n t  h ill  s ta t io n s . S h i l lo n g  h a s jb e e n  c h o s e n  
in  p la c e  o f  D a r j i l in g  a s  l ik e ly  to  p r o v e  m u c h  th e  m o re  
im p o r ta n t  sa n ita r iu m  (v . t a b le s  1— 4 ) .

T h e  c l im a te  o f  th e  P u n ja b  is  c h a r a c te r is e d  b y  an  a l t e r ­
n a t io n  o f  d e c id e d  h o t  a n d  c o ld  se a so n s , a n d  b y  a  l ig h t  
r a in fa ll ,  w h ic h  la t te r , h o w e v e r ,  v a r ies  v e r y  m u ch  in  a m o u n t

* “ Anion* all the pleasant memories of more than SO years of Indian
Inh p  ? s “ Pe" enToe ° f a"  Pn''tS ° f th0 emPire fmm Fesbivar to Sibsa*ar
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in  d iffe re n t  y e a rs  a n d  in  d iffe re n t  p a rts  o f  t lie  sam e p r o ­
v in c e . L a lio re  is c lio s e n  as a  fa ir ly  r e p re s e n ta t iv e  sta tion  
(v. ta b le  5 ).

S in d h , th e  “  g r e a t  p la in  tr a v e r s e d  b y  th e  L o w e r  In d u s  
fr o m  th e  P u n ja b  fr o n t ie r  to  th e  sea , is  a t o n c e  th e  d r ie s t  
a n d , as a w h o le , th e  h o tte s t  o f  a ll th e  p r o v in ce s  in  I n d ia .”  
J a c o b a b a d  {v. ta b le  6) is  th e  h o tte s t  a n d  d r ie s t  o f  th e  p r in ­
c ip a l  to w n s , H y d e r a b a d , s itu a te d  in  a v e r y  e x p o s e d  p o s it io n , 
is  a  lit t le  m o is te r  a n d  c o o le r ,  a n d  K a r a c h i  w ith in  8 m iles  
o f  th e  sea , is  th e  c o o le s t  o f  a ll.

T h e  c lim a te  o f  R a jp u ta n a  is  in te rm e d ia te  b e tw e e n  th a t  o f  
S in d h  an d  th e  C e n tra l In d ia n  P la te a u , a n d  th e  h o t  a n d  c o ld  
sea son s  a re  n o t  so s t r o n g ly  c o n tr a s te d  as in  th e  P u n ja b .

C o m in g  n e x t  to  th e  N o r t h -W e s t  P r o v in c e s  a n d  O u d h , 
fo r m e d  b y  th e  g r e a t  a llu v ia l v a lle y  th r o u g h  w h ich  ru n  th e  
J u m n a  a n d  G a n g e s  w ith  th e ir  n u m e ro u s  tr ib u ta r ie s , a n d  
w h ic h  e x te n d s  to  B e lia r  in  B e n g a l, w e  fin d , as m ig h t  b e  
e x p e c te d , a r e m a rk a b ly  r i c h  a n d  fe r t i le  t ra c t  o f  c o u n tr y  in  
w h ic h  a re  s itu a te d  m a n y  v e r y  im p o r ta n t  to w n s . T h e  
c l im a t e  is  d if fe re n t  in  m a n y  w a y s  fr o m  th a t  o f  th e  P u n ja b  
o n  th e  w e s t  a n d  o f  B e n g a l  on  th e  e a st. T h e  c o ld  sea son  
is  w e ll  m a rk e d , b u t  n o t  so  m u ch  as in  th e  P u n ja b , a n d  it is 
a lso  less  ra in y  a n d  c lo u d y . I n  M a r c h  s t r o n g  a n d  v e r y  
d r y *  w e s t  w in d s  b e g in  to  b lo w . I n  M a y  th ese  a re  s o m e ­
t im e s  te m p e r e d  b y  s l ig h t  sh o w e rs  o f  ra in — th e  s o -c a l le d  choti 
bursdt. T o w a r d s  th e  e n d  o f  J u n e  th e  ra in s  b e g in ,  a n d  w e t  
d a y s  a lte rn a te  w ith  ‘ b r e a k s 5 o f  m o is t  an d  stea m y  w e a th e r  
t i l l  S e p te m b e r , w h e n  th e y  ce a se . T h e  m o s t  r e m a rk a b le  
c l im a t ic  p e c u lia r ity  o f  th e  N o r th - 'W e s t  P r o v in c e s  is th e  
l ia b il i ty  o f  th e  r a in fa ll  t o  fa i l  a lm o st  c o m p le te ly  in  a n y  
y e a r , e s p e c ia l ly  iu  th e  G a n g e t ic  p la in  (doab) p ro p e r . T h e  
d isa s tro u s  e ffe c ts  o f  th is  a re  g u a r d e d  a g a in st , so  fa r  as 
p o s s ib le , b y  th e  G a n g e s  C a n a l— th e  g re a te s t  ir r ig a t io n  ca n a l 
in  th e  w o r ld — b u t  iu  sp ite  o f  th is  th e  l ia b ility  o f  th e  d is t r ic t  
t o  su ffe r  fr o m  s e v e re  fa m in e , t h o u g h  g r e a t ly  le sse n e d , as 
c o m p a r e d  w ith  fo r m e r  t im es , c o n tin u e s  (v. ta b le  7 ).

* The relative humidity may sink to as low as 6 per cent.
50  a



■ c% \/&>— V V \111 ' <SL
'  HILL STATIONS. w

1. Leh—Klevation 11,503 feet,

Temperature, ^ g Rainfall. Barometer.
--------------------------------------------------------------------- o o -------------------------- ------ --------------------

M. Range. W q

" §  | a  1 .2  ~  ^  ~  T ~  a i, i  £  &
S  =3 3 g g M 3  n «  2« a = a a 2

---------------------------------------------------------------------------------------------------- ---------------------------------------------------------------------------------------------- eP*
January ... ... 18 35 11 25 44 61 64  0'2 4 1964 -07 tf
February ... ... 19 35 9 26 48 61 67  0'2 5 -58 -08 ^
March ... ... 31 46 2 0 26 50 56 65  0-2 2 -67 -OS «
April ... ... 41 57 31 26 43 42 6’4 0T 1 ’67 ‘OS °
May ... ... 47 64 36 27 44 40 65  0T 2 -68 ‘08 g
June ... ... 5G 74 44 30 50 37 4'9 02  1 -64 -09 S
July ... ... 62 SO 51 29 44 44 5’1 0 5 3 -60 TO w
August ... ... 60 80 50 30 45 48 5T 0'4 3 -63 Ml §
September ... ... 52 72 42 30 46 44 40  02  1 -69 T1 °
October ... ... 40 59 30 29 47 41 3'9 0 5 -73 TO o
November ... ... 30 47 20 27 43 50 4'0 0 ... -72 *09 ~ ®
December ... ... 23 39 13 26 41 58 53 01 2 ’70 -08

40 49 5-4 27 24 1966

Mean highest temperature of year 90° Absolute range of temperature 110°
„  lowest „  „  -4 ° Rainfall of wettest year (11 years) 5‘4" (1879)
., annual range of temperature 94° ,, driest „ ,, 0-4" (1876)

Highest recorded reading(10 years) 93° (1876) Rainy days in wettest year (8 yrs.) 43 (1886)
Lowest „ „  „  -17° (1878) „  „  driest ,, „  8 (1878)
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2. S imla—Elevation 7018 feet.

T em perature . j : o  R a in fa ll . Barometer.3 o--------------------------------------------------------------------- B O ------------------------------------------------------
M. Range. ^  O

c £ .J c i • ro c' ?n
g g |  5  W C £ s  S* g sa f
a  § I* | | M «  a  .

a  a  a  a------------------------------------------------------------------------------------------------------------- ------ ------------------------------------------------------------------------
f

January 41 54 38 16 36 58 5*0 2*8 3 23*29 *06
February »•• 41 53 36 17 34 56 5*0 2*7 5 *24 *05
starch ... ... 50 63 45 18 40 53 5*0 3*0 6 *27 *05 w
April ... ... 58 72 52 20 38 51 46  2'8 6 -26 *05
May ... ... 04 77 57 20 39 49 4'1 47  9 -22 -05 ©
June ... ... 67 79 61 18 36 64 6-1 7‘9 10 -15 -05
July ... ... 64 73 61 12 22 88 8’5 39'3 21 -12 ‘05 g
August ... ... 63 71 60 11 20 91 8-G 18‘1 22 -16 ‘05 g
September 61 72 58 14 23 82 02. 6'0 12 -25 '05 >
October ... ... 50 6S 51 17 28 53 1’0 1-4 2 '33 -06
November ... ... 49 61 43 18 31 50 . 1 5 0’3 1 '32 "06
December ... ... 45 57 40 17 30 47 3-5 VI 2 '31 ’06

Year.., ... 55 62 4‘9 70T 99 23 24

Mean Ligbest temperature of year SS° Absolute range of temperature /4 /
lowest „  „  25° Rainfall of wettest year (24 years) 94’9'' (1864)

„  annual range of temperature 63° „  driest ,, >> * /IooP iookx
Highest recorded reading (11 years) 94 4° (1879) Rainy days in wettest year (12 years) 136 (1884-1885) M
Lowest „  „ „ 19-7° (1883) „  driest „  „ 74 (1877) g

1 m
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3. Shillong—Elevation 4702 feet (4 years). cs
Tempertaurk. . o Rainfall.__________________________ P . g __________

M. Range. W £
5 5 S cs a ' ’ i — . m

a  ' g g g M o  2o  a  a  a  g
jp.

January... ... ... ... 51 62 42 20 31 70 2*5 0*4 1 «February ... ... ... 54 64 46 18 30 65 3*4 0*8 4 t>March ... ... ... ■ ... 62 71 54 17 32 59 31 20  5 gApril ... ... ... ... 65 74 53 16 29 65 5'2 37 11May ... ... ... ... 68 76 63 13 22 77 66 100 21 gJune ... ... ... ... 69 76 65 11 18 84 78  17 0 24 nJuly ... ... ... ... 69 76 66 10 16 87 8'6 140 22 §August ... ... ... ... 69 76 65 11 17 88 8‘5 144 23 WSeptember ... ’ ... ... 67 74 64 10 20 89 87 15’4 22 °October ... ... ... ... 63 72 5S 14 25 S6 62 62 13- gNovember ... ... ... 57 66 49 17 30 76 3-4 l ’O 3 KDecember ... ... ... 51 61 42 19 31 75 3'2 04  1Year... ... ... ... 62 77 5 6 85.3 150

Mean highest temperature of year . . .  82° Absolnte range of temperature . . 51’5°„ lowest ,, . . . 34° Rainfall of wettest year (20 years) . 121’2"(1867),, animal range of temperature . . 48° „  driest „ „ . 53'6" (1873)Highest recorded reading (4 years). . . 84° (1872) Rainy days in wettest year (18 years) 191 (1883,1884)Lowest ,, ,, ,, , 32 5° (1872) ,, driest „ ,, 109 (1868)

_
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4. Ootacamund—Elevation 7252 feet (13 months).*

~  Temperature  ̂ j  g Kainfal. Barom eter
______________ ___________________________________________________________  B  g

M. Range. w O
___________________ i-------  • . c  ^  ®• £< . ------- —----------- - . CQ pj bo

3 g g g . a  s  m a g ”  S' «S "5 § 
a“  a a  ^  ^  fl * $ O«  C3 O ^  UH

o  a  a  a ______________________________«

P P  o - o X  I 4 4  55 1-9 0-5 1 2320 -06 £
January ... -  48 06 3o 31 44 4.2 0-2 ... ■ ‘22 -07 g
February . . .  -  51 6 8  |9 g  ^  4 G  3.3 r2  l  -23 -08 «  .
March ... ••• 55 71 44 - /  3 9  11  -20 -08 0
April ... -  58 72 51 21 29 04 ^  g .2  16  -16 -09 * ,
May -  59 71 53 18 31 U  6 .0  17  -13 -06 g
Jane .......................  56 65 53 12 23 84 g .6  23 *14 -05 . §
July ... -  55 62 52 10 £  g2  8 -6  * 2  19 ’14 '07 >
Angnst ... . ... 63 5 s4) 3 7  13 -16 ‘07
September ... ... 5o 63 o , gg g .7 g.g 22 -21 '09
October .......................  54 64 50 4 24 89 8  /  ^  lg  .20  .07
November . . .  . . .  53 63 7  ^  35 71 4-9  1 6  4 ‘18 '07
December ... ... 51 61 -1 "  71 5-3 45-8  143 23‘18

Year... ... 55 _______________ _________

T  , , . , 77.30 Rainfall of wettest year (10 years) 58-4’  (1830)
Highest recorded temperature V7 3 driest ,, „  337 (1867)
Lowest „  »  -  25.3  ”  Co
Range during year ...............  o

* The rainfall is the mean of 11 years.
, \ «
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Temperature. * « Rainfall. Barometer.
:—  ---------------------------------------------------------  5 § ----------------------------------------------------- _ _M. Range. ® Q

' r2 p j _________________ __________________  .S c j  cs a . ‘ ' ® a >-> oO C3 <U »f-< . rj . . * ^  CS TZ, fcD
3  S 3  i ?  -g H d a ^  iS d C~  § = §  g ^  n  S f i « oO S S S  5

~  ' ______ . ___ _______ _ ^

i a"Uary -  -  5 4  68 4 3  23  39 CO 3-2 0 7 2 29-34 -OS * «February ... ... 5 9  7 1  46 2 5  3 2  5 7  3>4 „ .*0  ° 8

*Iarc.h ...................... 69 S3 57 20 48 48 I t  \ \  2 '18 -08 *AP1 ' 1 ... ... 81 95 6 6  29 48 37 2-5 06  3 -05 -09 °*Iay "• "• 6 8  102 73 29 48 33 2-4 09  3 2892 -08 ®3u|’e ••• ••• 93  107 81 26 45 37 2-9 1-8  3 -77 -09 E24n,y — 8 9  99 81 18 39 58 4-2 74  7 -78 -09 SAugust ... ... 88  98 80 18 32 61 37  4‘6 6 -85 ‘09 WSeptember ... !.. 85 97 75 22 34 55 P7 2-4 4  -97 -09 gOctober ... ... 77 93 62 31 46 46 08  0-6 1 29T5 -08 2November ... ... 64 81 49 32 48 47 1-2 0-2 1 -30 -08 3December ... ... 55 71 43 28 41 56 2 0 0-5 2  -35 -08Year... ... zo 50 2 6  21-9 37 2908

Mean highest temperature of year . 117° Absolute range of temperatnre . . 90’5°» lowest „ „ . 34° Rainfall of wettest year (27 years) . 37'8" (1875)„ annual range of temperature . 83° „ driest „ „ . 8‘7" (1871)Highest recorded reading (11 years) . 120'3° (1879) Rainy days in wettest year (12 years) 47 (1881)L°west „ „ „ . 29'8° (1878) „ „ driest „ „ 2G (1875)
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6. J acobabad—Elevation 186 feet.

T em peratu re . • I a  R a in f a l l . B arometer .a j o
-------------------------------------------------------------------------------------- --------------------  d  ; o  — ---------------------------------- ----------------------------------------- :

M. Range. ^  j o
i . , _i — ■ ■■ • rn 3 ©

§  g S g .3 & 4 = a 3 & 4 | §
£  a s  =  g § I  M q  a  o j

p  I  a  a---------- ---------------------- ---------------------------------------------------------------------------------- ------------------------------- ------------------------------------------------ -------

tr*  ........  s 1 & s s g g si i ”S s  1
f'y ”• £ IS S g S S I? -%l .. * ;il a"
jniy **■ 94  1 0 7  83 24  3 7  53 2 2  r *  3 -24 12  »
A n In of 91 103 81 22 33 58 2’4 1*4 4 33 11 >

October ... ... 78 96 63 33 51 46 0 4  ... -  , M1
November ... ... 65 84 50 34 o^ o .g0 .]_g
December ... ... 58 75 43 33 48 1 8 0^  -  2959

Year ... ... /s

Mean highest temperature of year . 118° 1Absof,u,i;e range of temperature . 91'7°
„  lowest „  „  • 32° Rainfall of wettest year (26 years) M l ,  (1869)

Mean annual range of temperature . 86° ,>> . llBS <?c; n8781 oo
Highest recorded reading (9 year.) • B ..»7 t o y »  7 ~  (» ‘  > “  O  g
Lowest „  ,> )> (.iooJ4 ”  ”  ’
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N.W.P. and OUDH. O7. Lucknow—Elevation 369 feet. °

Temperature. • d ! Rainfall. Barometer.
--------------------------------------------------------------------- o o --------------------------- ----------------------------M. Range. | ^ o

1 I S  § =‘ ^  5  | = d = S' I  t s
2  s *  .=3 § I : S S M Q a  2O a  ; 2  a  g

. - —  • ►
January ... ... 61 74 46 28 42 59 . 2 7 0'8 2 29 68 -11 aFebruary ... ... 66 78 50 28 47 52 30  03 2 ■ -61 ‘11 >March ... ... 77 91 61 30 52 43 2 7 • 03  1 -50 ' l l  gAmil ... ... 87 101 71 30 47 35 2 1 0 1 1 -37 ’l lMay ... ... 92 104 76 28 44 42 20  09  2 -27 T2 ~June ... ... 92 103 82 21 38 54 47 5'0 7 ’15 Ml hjJuly ... ... 86 93 SO 13 26 74 7 7 108 16 -15 M0 gAugust ... 85 11 92 79 13 23 77 7'4 10'4 15 -22 MO gSeptember ... ... 85 93 77 16 27 72 5'4 7M 9 -31 Ml t-*October ... ... 79 91 65 26 42 60 1'5 14  1 '50 Ml gNovember ... ... 69 83 52 31 44 53 08  ... ... -63 Ml <<December ... ... 61 75 45 30 41 58 1'8 O' 5 1 '69 MlYear... ... 78 57 3'5 37'6 57 29'42

Mean highest temperature of year . . 114° Absolute range of temperature . . 8 2  9„ lowest ,, , ,  38° Rainfall of wettest year (20 years) . . 64'9" (1871)annual range of temperature. . 76J driest „ . 14'4 (187/)Highest recorded x'eading (10 years) . 117'3° (1878) Rainy days in wettest year (14 years) . /7 (18/4)Lowest „ „ „ . 34-4° (1878) „ „ driest „ „ . 27 (1876)
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T h e  C en tra l In d ia n  P la te a u  h a s 'b e e n  a llu d e d  to  in  th e  
sh o r t  d e s c r ip t io n  o f  th e  p h y s io g r a p h y  o f  th e  c o u n try  a lr e a d y  
g iv e n . I n  m a n y  p a r ts  th e  c l im a te  is  v e r y  p le a sa n t  a n d  th e  
s ta t ion s  h e a lth y . D u r in g  th e  c o o l  sea son , fr o m  N o v e m b e r  
to  th e  e n d  o f  F e b r u a r y , th e  w e a th e r  is  d e l ig h t fu l ,  e s p e c ia lly  
to w a rd s  th e  ea stern  p a r t  o f  th e  p la te a u , b e tw e e n  J a b a lp u r  
a n d  B e n a re s  (v . ta b le  8 ).

T h e  c lim a te  o f  B e h a r , a  d e n s e ly  p o p u la te d  a n d  h ig h ly  c u l ­
t iv a te d  p r o v in c e ,  is  in te rm e d ia te  b e tw e e u  th a t  o f  th e  N .W .P .  
a n d  L o w e r  B e n g a l,  b u t  is  m o re  a k in  to  th e  fo r m e r . T h e  
r a in fa ll  is m o d e r a te  a n d  th e  c o ld  w e a th e r  p le a sa n t . T h e  
c lim a te  o f  C lm tia  N a g p u r  is m u c h  th e  sa m e , th e  r a in - fa ll  
b e in g  s l ig h t ly  h e a v ie r  th a n  in  m o st  p a r ts  o f  C en tra l In d ia .

T h e  p r o v in c e s  o f  B e n g a l a n d  O rissa  a re  la r g e ly  m a d e  up  
o f  th e  d e lta s  o f  th e  B ra h m a p u tra , G a n g e s , M a h a u a d i a n d  
o th e r  r iv e r s . “  I n te r s e c te d  b y  in n u m e ra b le  r iv e r  ch a n n e ls  
a n d  a b o u n d in g  in  sw a m p s , w h ile  o p e n  to  th e  d a m p  w in d s  
fr o m  th e  b a y , w h ic h  b e g in  to  b lo w  on  th e  c o a s t  as e a r ly  as 
F e b r u a r y  a n d  g r a d u a lly  p e n e tr a te  fa r th e r  in la n d  w ith  th e  
in c r e a s in g  h e a t , th e  c l im a te  o f  B e n g a l  is  as c h a r a c te r is t i ­
c a l ly  d a m p  a n d  r e la x in g  as th a t  o f  N o r t h -W e s t e r n  I n d ia  is 
th e  r e v e rs e . T h e  d r y  w e s te r ly  w in d s  th a t  p la y  so  g r e a t  a  
p a r t  in  th e  m e te o r o lo g y  o f  th e  U p p e r  P r o v in c e s  a re  f e l t  
o n ly  o c c a s io n a l ly  a n d  in te r m it te n t ly  in  th e  p r o v in c e  o f  
B e n g a l,  d u r in g  th e  s p r in g  m o n th s  a n d  c h ie f ly  in  th e  
w a rm e s t  h o u rs  o f  th e  d a y , a n d  e v e n  th e n  w ith  a  r e d u c e d  
te m p e r a tu r e  a n d  o f  a. le ss  p a r c h in g  c h a r a c te r ,  o w in g  to  
th e  m o is tu re  ta k e n  u p  fr o m  th e  s u r fa c e  o v e r  w h ic h  t h e y  
b lo w . T h e  c u s to m a r y  d iv is io n  o f  th e  y e a r  in to  th re e  
se a so n s , th e  c o o l  s e a so n , th e  h o t  s e a so n , a n d  th e  ra in s , h o ld s  
g o o d  in  B e n g a l  as in  th e  m o r e  w e s te r ly  p r o v in c e s ,  b u t  th e  
f ir s t  is s h o r te r  a n d  le ss  b r a c in g ,  a n d 't h e  h e a t  o f  th e  s e c o n d , 
i f  le ss  in te n s e , o w in g  t o  th e  g r e a t e r  d a m p n e s s  o f  th e  a ir , is  
on  th is  a c c o u n t , p e r h a p s , m o re  t r y in g  to  th e  E u r o p e a n  
c o n s t itu t io n . T h e  r a in s  a re  a lso  lo n g e r  a n d  m o r e  c o p io u s .”
T h e  c l im a te  o f  C a lc u t ta  (v. ta b le  9 ) is  f a i r ly  t y p ic a l  o f  
B e n g a l g e n e r a l ly .

5 1 a
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CENTRAL INDIAN PLATEAU. ^
8. Saugoe—Elevation 1760 feet. to

T emperature. • g  R ainfall. Barometer.
---------------  ̂ --------------------------------- - -------------------------

M. Range. W g

1 i s  l . s  ~ ~  Z  • “  ~ i  i  I fa s s s a  £ -3 I 5 A £ « ,§ JC J O ® < U  r = = J WW Oq s a a s
--------------- ------------------------------------------------------------------------------------------------------------------------------- ------------- --------------------------------------  Kt>
January ... ... G3 77 51 26 40 46 1-4 0'6 2 28-24 10 §
February ... ... 67 . 81 54 27 43 39 15 0-5 1 '18 ' l l  >
March -  ... 78 93 64 29 41 32 1 3 0-2 ... -11 n  z
April ... ... 85 101 72 29 39 28 1-4 0'2 1 -02 ’l l  53
May ... ... 89 104 76 28 39 28 20  0 6 3 27'92 -11 S
•Tune ... ... 85 100 77 23 37 50 4 1 6 3  11 -82 -10 “
July 78 86 74 12 24 77 6T 168 19 '80 '09 S
AnK” st •••: 77 85 73 12 20 83 5-9 11-2 18 -86 -09 §
September ... ... 77 87 71 16 26 78 4-3 7-3 12 -95 -io 2
October ... ... 75 87 66 21 33 55 1-4 1-3 2 28-12 -10 o
November ... ... 69 82 56 26 36 42 10  0-4 -20 10 ®
December ... ... 64 76 51 25 38 45 1‘0 07  1 -24 -10

Year ••• ” ■ i 76 50 2-6 461 70 28-04I

Mean highest temperature of year. . 110° Absolute range of temperature . . . 71"3°
„  lowest „  ,, . . 42° Rainfall of wettest year (31 years) . , 70-1" (1867)
,, annual range of temperature . 68“ „ driest ,, . 22-1" (1848)

Highest recorded reading (8 years) . 111-4° (1881) Rainy days in wettest year (11 years) .' 106 (1884)
Lowest „  „  „  401“ (1883) „  „  driest „ „  56 (1879, 1880)

4S



' (fix\ ' A S / 7  BENGAL and OUISSA.
--/'VX >̂ .ts^y  9. Calcutta—Elevation 21 feet.

<jf j Tbmp*?katuck. . c E ainfall. Barometer.S tj; D o ---------------------------- ---------------------------
M. Plunge. ® o

5 5  m 5 =" . ■ • I P  S  Sc~ a. ci O'.— • • . eo k* ci r— zro  k-. ^  kZ ^  t-. 3  c -  J= cS a • ;  5S  es ^  — -  c g: , A £2 25^  c i o o S  I-* ^  O P3 .
c s s s' O--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------f<

.Tan nary ... ... 65 77 55 22 , 33 71 1‘4 0’4 2 30’02 -13 gFebruary ... ... 70 82 G1 21 37 69 2‘2 1-0 3 29‘95 -13March ' ... ... 79 91 70 21 1 38 69 2‘2 1-3 3 -86 '14 £April ... ... 85 96 76 20 33 71 2 8  2-3 5 -75 -14 0May ... ... 85 94 77 17 30 76 4 4 5'6 10 -66 ‘12 *iJune ... ... 84 91 79 12 25 84 7 0 11-8 18 -55 GO -  !July ... ... 83 88 78 10 17 87 8'1 130 24 -54 -09 gAugust ... ... 82 87 7S 9 16 89 8'2 139 24 -60 -20 ~September ... • ... 82 87 78 9 17 88 7-1. 100 18 '68 -11October ... ... 80 87 75 12* 23 83 4 2  5'4 8 -83 *21November ... ... 72 82 64 28 29 74 2'4 0’6 2 -96 "22December ... ... 65 76 56 20 31 72 2‘0 0 3  1 30 02 G3Tear ... ... 78 78 4’3 65 6 118 2978
*

Mean highest temperature of year . . 102° Absolute range of temperature . . . 60'3°,, lowest „ „ . . 48° I Bainfall of wettest year (57 years) . . 93’3" (1671)„ annual range of temperature . . 54° j , ,  driest ,, ,, . 43'6" (1837)Highest recorded reading (8 wears) . . 105'3° (1879, 1885) Itainy clays iu wettest year (34 years) . 154 (1861)Lowest „ „ „ . . 45° (1878) | „ „ driest „ >. • 72 (1853) O
i
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A ss a m , in c lu d in g  C a c lia r , S y lh e t ,  a n d  ce r ta in  liill t r a c ts  
o n  th e  I n d o -B u r m e s e  f r o n t ie r ,  c o n s is ts  o f  tw o  m a in  a llu v ia l 
p la in s  t h r o u g h  w h ic h  ru n  th e  B ra h m a p u tra , B a ra k  a n d  
sm a lle r  r iv e r s , a n d  o f  th e  a fo r e s a id  h ills — th e  K h a s i, N a g a , 
L u sh a i a n d  M a n ip u r  r a n g e s , e tc . T h e  g r e a t e r  p a r t  o f  th e  
p r o v in c e  s t ill  c o n s is ts  o f  ju n g le  a n d  sw a m p s , b u t  la r g e  
a rea s , su ch  as th e  p la in  o f  S y lh e t ,  h a v e  b e e n  c u lt iv a te d  
f o r  a  l o n g  t im e , w h ils t  o th e r  p a r ts , in  A s s a m  p r o p e r  a n d  
C a c b a r  e s p e c ia l ly ,  h a v e  b e e n  c le a r e d  o f  ju n g le  a n d  its  
p la c e  ta k e n  b y  n u m e ro u s  te a  g a r d e n s . T h e  s o il  is  
e x t r e m e ly  fe r t i le ,  th e  n a tu ra l p r o d u c t s  v a lu a b le , a n d  th e  
z o o lo g y  a n d  b o ta n y  v e r y  v a r ie d , b u t  th e se  v e r y  q u a lit ie s , 
th e  re s u lt  o f  a  h e a v y  r a in fa l l  c o m b in e d  w ith  th e  p h y s ic a l  
fe a tu r e s , m a d e  th e  p r o v in c e  an  e x t r e m e ly  u n h e a lth y  o n e  
to  th e  p io n e e r s  o f  c iv i l is a t io n . “  T h e  E u r o p e a n  p io n e e r s  
o f  tea  p la n t in g  in  th e  D a r j i l in g  a n d  B h u ta n  te r a i  su ffe re d  
s e v e r e ly  ; m a n y  p e r is h e d  fr o m  m a la r io u s  fe v e r  a u d  its  
sequelae, a n d  fr o m  th e  n o n -o b s e r v a n c e  o f  a p p r o v e d  d ie te t ic ,  
h v f f ie n ic  a n d  s a n ita ry  p r in c ip le s .  B u t  n o w  th a t  e v e r -  
in c r e a s in g  a re a s  a re  b e in g  d e n u d e d  o f  fo r e s t ,  o f  r a n k  aud. 
im p e n e tr a b le  ju n g le j  a n d  r e d u c e d  t o  a  s ta te  o f  g o o d  h u s ­
b a n d r y  a u d  c u lt iv a t io n  ; th a t th e  e v ils  o f  in te m p e r a n c e  in  
e a t in g  a n d  d r in k in g  a re  b e t t e r  u n d e r s to o d , a n d  a v o id e d  
a c c o r d in g ly ;  th a t  d r in k in g  w a te r  is  p u r if ie d  b y  b o i l in g  a n d  
f i lt r a t io n ; th a t  s le e p in g  a c c o m m o d a t io n  is p r o v id e d  in  r o o m s  
w e ll  r a is e d  a b o v e  th e  g r o u n d — in  th e  m o s t  e le v a t e d  p o r ­
t io n  o f  th e  e s ta te — s o m e tiip e s  o n  a d jo in in g  sp u rs , a t  a  c o n ­
s id e r a b le  h e i g h t ;  th a t  t h e  d r y ,  o r  d r y -e a r th  s y s te m  o f  
c o n s e r v a n c y  is  e n f o r c e d ; th a t  th e  h e a d  a n d  s p in e  a re  
t h o r o u g h ly  p r o t e c t e d  fr o m  th e  d ir e c t  a c t io n  o f  th e  su n  ; 
th a t  w o o l le n  u u d e r - c lo t l i in g  is  w o r n  a t  a l l  s e a s o n s ;  a n d  
th a t  p r o p h y la c t ic  d o s e s  o f  q u in in e  a re  o f t e n  e m p lo y e d  
d u r in g  th e  m a la r io u s  m o n t h s ;  te a  p la n t in g , i f  n o t  q u ite  so  
h e a lth y  as o c c u p a t io n s  in  o t h e r  lo c a l i t ie s  o n  th e  p la in s , is  
n e v e r th e le s s  p r o f i ta b ly  c a r r ie d  on  b y  E u r o p e a n s  on  te ra i 
la n d  w h e r e  o n ly  a  f e w  y e a r s  a g o ,  u n d e r  th e  o ld  c o n d it io n s  
o f  ju n g le ,  fo r e s t ,  s w a m p  a n d  w a s te , t h e ir  l iv e s  c o u ld  
s c a r c e ly  h a v e  b e e n  m a in ta in e d  t h r o u g h o u t  a  s in g le  c y c le  o f



ASSAM. v
10. SII.CHAR—Elevation 104 feet.

rl ’EM PERXTURK.  ̂ C RAINFALL. BAROMETER.
|-----------------------------------------------------------------------3 O ---------------------------

M. Range. 1-1 O
c  p j  c ■ r  • ® ■ c ►» £>• § C3 £ CS .= . ^  . . < 2 ?  =  s| < L  Oî _ CD i—< t*. ~ ~ J7 ~ ® j~ r-a a^ -  = = <2 M e a Ps

P S 3 j 3
-------------------------------------------------  —-------------=-------------------------------------------------------------------------------------------------------------------------------------- O
January ... 04 77 52 25 35 75 2 7  06  2 29‘94 '13 gFebruary ... ... 67 79 55 24 38 70 3’1 26  G ‘89 ’13March " ... 73 85 63 22 36 72 4 0  7'9 12 ‘81 ‘14 ^Anril " _ . . .  78 87 69 18 30 76 5 1 13 0 17 72  ‘14Mnv 80 87 72 15 30 81 6 1 157 19 ‘65 ‘13 o1 nn ft 82 89 76 13 24 85 7‘5 19‘1 22 *54 11 ^ ’j uW "' 82 89 77 12 21 85 7 6 20 0 25 ‘53 ‘12 gAn.Mist . . ... 82 89 77 12 22 86 7‘6 18 2 25 ‘58 ‘13 gS ep tem b er........................... 82 89 76 13 24 84 6‘9 . 14 2 19 ‘66 ‘13 >October ... ... 80 88 72 16 28 81 4‘6 6‘4 9 78 ‘13November ... ... 73 84 64 20 32 77 32  1*0 2 ‘88 ‘ 2December ... ... 00 78 55 23 36 70 2‘8 07  1 ‘94 13Year .. ... 76 79 5‘1 120‘0 159 2974

Mean highest temperature of year . . 99° Absolute range of temperature • • • nsrfiti ' 45° Rainfall of wettest year (29 years) . . 188 2 (1866)» lowest. ” ” , ' ' r.o clciest , . 65'3" (1863)annual range of temperature » ouest ,, ,, !lSs .!Highest recorded reading (11 years) . 101‘8° (1886) Rainy days m wettest year (18 years) . 187 (13/4
Lowest „ „ „ . - 43“ (1880) „ d'*est -> ” ‘ ‘ 137 (18W) w

\
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th o  se a s o n s , a n d  w o u ld  n o t  h a v e  b e e n  w o r th  m o re  th a n  on e  
y e a r ’ s p u r c h a s e .” *  I n  a d d it io n , th e  sa n ita ry  c o n d it io n  o f  
th e  g e n e r a l p o p u la t io n , a n d  o f  th e  im p o r te d  c o o l ie s  e m p lo y ­
ed  in  th e  te a  g a r d e n s , h a s  r e c e iv e d  a  g o o d  d e a l o f  a t te n t io n  
fr o m  th e  G o v e r n m e n t  a n d  p la n te r s , so  th a t , t h o u g h  fa r  fro m  
p e r fe c t ,  it  is  in fin ite ly  b e t te r  th a n  fo r m e r ly .  T h e  m o r ta lity  
a n d  d is a b le m e n t  f r o m  m a la r ia  d ise a se  is  still e n o rm o u s , a n d  
w ill re m a in  so  f o r  m a n y  y e a r s  ; w h ils t  th e  d e a th s  fr o m  c h o ­
le ra , in te s t in a l p a ra s ite s  a n d  o th e r  d ise a se s  a re  e x c e s s iv e . !

T h e  c l im a te  v a r ie s  c o n s id e r a b ly  in  d i f fe r e n t  p a rts . A l lu ­
s io n  h a s  a lre a d y  b e e n  m a d e  to  th e  e n o r m o u s  r a in fa ll  a t  
C h e rra  P u n jiJ  a n d  d e ta ils  o f  th e  h ill  s ta t io n  o f  S h i l lo n g  
(v. ta b le  3) h a v e  b e e n  g iv e n . F o r  th e  lo w e r  a lt itu d e s  th e  
c l im a te  o f  S i lc l ia r  is  fa ir ly  r e p r e s e n ta t iv e  [v. ta b le  1 0 ).

T h e  C e n tr a l  P r o v in c e s  a re  m a d e  u p  c h ie f ly  o f  th e  th re e  
g r e a t  p la in s  o f  B e r a r , N a g p u r , a n d  R a ip u r  (C h h a t is g a r h ) ,  
w h ic h  s tr e tc h  a w a y  so u th  f r o m  th e  f o o t  o f  th e  S a tp u r a  r a n g e  
a n d  a re  d r a in e d  r e s p e c t iv e ly  b y  th e  P o o r n a , a  t r ib u ta r y  o f  
th e  T a p t i ,  th e  W a ig u n g a ,  a  t r ib u ta r y  o f  th e  P r a n liita  a n d  
G o d a v e r i ,  a n d  th e  M a h a n a d i. T h e s e  p la in s , c o m p o s e d  o f  
b la c k  c o t to n  s o il , a re  c u lt iv a t e d  in  p a r ts , c lo t h e d  w ith  s c r u b  
ju n g le  in  o th e r  p a r ts , a n d  to  a  s l ig h t  e x t e n t  w ith  fo r e s t ,  
th e  la t te r  b e in g  a  G o v e r n m e n t  r e s e r v e  a n d  e n c o u r a g e d  to  
s p r e a d  as r a p id ly  as p o s s ib le . I n  s o m e  r e s p e c t s  th e  c l im a te  
m a y  b e  c o n s id e r e d  as r e p r e s e n ta t iv e  o f  I n d ia  : th e  h o t , 
r a in y , a n d  c o o l  s e a s o n s  a r e  w e ll  m a r k e d , a n d  c a m p  life  
d u r in g  th e  la s t  s e a s o n , fr o m  N o v e m b e r  t i ll  th e  e n d  o f  F e b r u ­
a r y , is as p e r f e c t  as ca n  b e  im a g in e d  (v. ta b le  1 1 ). T h e  
m o s t  u u lie a lth y  se a s o n , as  in  m o s t  o t h e r  p a r ts  o f  lu d ia ,  is  
d u r in g  th e  p e r io d  b e t w e e n  th e  c e s s a t io n  o f  th e  r a in s  a n d  
th e  c o m m e n c e m e n t  o f  th e  c o ld  w e a th e r . T h e  c l im a te  o f  th e  
s ta t io n s  s itu a te d  u p o n  th e  v a r io u s  h ill  r a n g e s  —  C h in d w a rn , 
S e o n i ,  B e t id , P a c h m a r i ,  e t c . ,— is  r e a s o n a b ly  c o o l .  T h u s , a t 
S e o n i ,  th e  m ea n  te m p e r a t u r e  f o r  N o v e m b e r ,  D e c e m b e r  a n d  
J a n u a r y  is  0 4 °  F . ,  a n d  f o r  th e  y e a r  74  F .

# v. I. M. 0., Oct., 1803, p. 350. t  Sir J. Fayrer. J r. p. 32G.



1(1)1) ' ■ . (fix
W ^ W  ■ CENTRAL PROVINCES.

. •vX&̂y' ^11. Nagpur—Elevation 1025 feet.
Temperature. ~  o Rainfall. Barometer.

g p---------------------------------------------------------------------  p  o -------------------------------------------------------*td P mM. Range. O
. . * g ----------- -------------  —------------------ ---f— 00 C ©

1 s m s i  . ^  a a S* J  - s c
2  .2 J; E 3  ■ "S c g m ® ^^  e z r *  ' 3 o ® ®  ^

q  a  a  a
________*_____________________________________________________ ________ ______________________ ___________________________________O

January ... ... 69 33 55 28 42 51 2’2 0 6 1 97 I f  gFebruary ... ... 73 89 59 30 46 42 2 0  0-4 2 ;91 -4. gMarch ... ... 82 99 67 32 49 32 2-5 0-6 2 83 ' 5  «
April ... ... 89 105 75 30 42 28 3M O’o 2 78 Mo
May ••• 93 108 80 28 42 30 4-1 0'8 4 64 H O ,June ... 86 98 78 20 38 60 7'1 88 15 ‘56 ’ l l
July ... ... 79 88 75 13 25 80 8’6 13 3 20 '56 ’10 g
August ... ... 79 88 75 13 23 78 S‘3 8 9 18 01 ’ m
September ... ... 79 89 73 16 24 76 r4t / 8  Ij
October ... ... 77 90 68 22 35 60 4-0 2-3 3 82 12
November ... ... 71 84 59 25 39 52 2 6 04
December ... ... 67 80 54 26 38 5-> 2 4 Oo L

Year... ... 79 53 4-5 44 9 84 2877

Mean highest temperature of year . 115° Absolute range of temperature . • '4 6„ lowest „ „ • 46° Rainfall of wettest year (39 years) • «|> * (1831)
„ annua! range of temperature . 69° „ driest „ , ,  - ^Highest recorded reading (10 years) . 117V0 (1883,1885) Rainy days in wettest year (13 years) • 119 1884 gLowest „ ,, - 431°(1883) „ „ driest „ „ • 01 O870)
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T h e  W e s t  C o a st  o f  th e  p e n in su la , f r o m  th e  g u l f  o f  C a m - 
b a y  t o  C a p e  C o m o r in , m o re  e s p e c ia lly  th e  b e lt  o f  la n d  
e x t e n d in g  f r o m  th e  w e s te rn  s lo p e  o f  th e  G h a ts  to  th e  S e a  
(IC on k an  a n d  M a la b a r ) ,  is  n o te w o r th y  as h a v in g  a  c lim a te  
a t o n ce  th e  d a m p e s t  a n d  m o s t  un i fo r m  in  In d ia . A l t h o u g h  
th e  a re a  in c lu d e d  r u n s  fr o m  8°— 21° N . la t .,  th e  m e a n  
a n n u a l te m p e r a tu r e  is  a lm o s t  th e  sa m e  th r o u g h o u t , b u t  t i e  
e x tr e m e s  a re  g r e a te r  in  th e  n o r th , e.g., a t  S u ra t , an 
d im in is h  b y  d e g r e e s , t ill  a t C o ch iu  th e  m ea n  te m p e ra tu re  
f o r  J a n u a r y , viz. 79 ° F . ,  is  tw o  d e g r e e s  h ig h e r  th a n  th a t  o f  
J u ly ,  th e  d i f fe r e n c e  b e in g  p r o b a b ly  d u e  t o  th e  sm a lle r  r a in ­
fa l l  a n d  le s s e r  d e g r e e  o f  h u m id ity  in  th e  fo r m e r  m o n th .
T h e  c l im a te  o f  M e r c a r a , in  C o o r g , is  th a t  o f  th e  su m m it o f  
th e  G lA ts  a n d  is  d is t in g u is h e d  b y  its  e n o rm o u s  ra in fa ll  a n d  
h ig h  d e g r e e  o f  c lo u d in e s s *  a n d  h u m id ity . T h e  im p o r ta n t ,
A t  v e r y  m a la r io u s , d is t r ic t  o f  th e  W y n a a d  is s itu a te d  o n  
th e  G h a ts  im m e d ia te ly  to  th e  s o u th  o f  M e r c a r a , a n d  r u n s  
d o w n  to  th e  f o o t  o f  th e  h ills . T h e  c lim a te  is s im ila r  to  th a t 
o f  C o o r g  b u t  s l ig h t ly  w a r m e r  o w in g  to  its  lo w e r  e le v a t io n . 
B o m b a y  (r . t a b le  12) is  fa ir ly  r e p r e s e n ta t iv e  o f  th e  c lim a te  
o f  th e  W .  C o a st , th e  e x t r e m e s  b e in g  S u ra t  in  th e  n o r th  a n d  

C o c h in  in  th e  so u th , as a lr e a d y  e x p la in e d .

"W ith in  a  d is ta n c e  o f  le s s  th a n  f i f t y  m ile s  f r o m  th e  
e a s te rn  s lo p e  o f  th e  G liA ts th e  h e a v y  r a in fa ll  th a t  d e lu g e s  
th e  w e s t -c o a s t  is  a lm o s t  e n t ir e ly  u n k n o w n . !  F r o m  th e  
G h a ts  th e r e  s lo p e s  a  v a s t  ta b le la n d  e a s tw a rd s  d ra in e d  b y  th e  
G o d a v e r i ,  K is tn a , C a u v e r y  a n d  o th e r  r iv e r s  w h ic h  d is c h a r g e  

th e ir  w a te rs  in to  th e  B a y  o f  B e n g a l .  T o  th e  s o u th  a n d  
s o u th -e a s t  o f  B e l la r y  is a  la r g e  t r a c t  o f  6 , 0 0 0 - 7 , 0 0 0  sq u a re  
m ile s , o n  w h ic h  th e  m e a n  a n n u a l .r a in fa l l  is  le s s  th a n  20  
in c h e s . T h is  d is t r ic t  h ag  f r e q u e n t ly  s u ffe r e d  f r o m  d ire  
fa m in e , t h e  la s t  o c c u r r in g  as la te  as 1 8 9 2 . I t  is  n o t  to  b o  
u n d e r s t o o d , h o w e v e r ,  t h a t  th e  c l im a te  o f  th is  g r e a t  p la te a u , 

w h ic h  in c lu d e s  K h a n d e s h , th e  D e c c a n , a n d  M y s o r e , is  u n ­
h e a l t h y — o r  e v e n  u n p le a s a n t— th r o u g h o u t , f o r  t h o u g h  th e re

a re  c e r ta in  p a r ts  w h e r e  m a la r io u s  fe v e r s  a re  v e r y  p r e v a -  

# p. 324. t  v. pi 330, para, 2.

' e° ^ X



(h S)1) (exV A  §§> J  7  THE WEST COAST. H l j
12. Bombay—Elevation 37 feet.

T emperature. . p Rainfall. Barometer.
£  p

~ P  O -------------------------------- ------- ----------------------------------------
M. 3! an go. W O

5 5 jg 5 S . ® C >» ©s © Jr . °  ;z r* .= ^ * i . *» ca — bo
^  s s  S  ta  PH i ?  ^  p  s= 1 p  cs ©  *2  a
S  ^  ^  ^  -  ca ca l-H Q  ^  ,2? sJ

«  a  s
------------- -------------------------------------------- 7 ;-------------------------------------------------------------------------------- o f

January ... ... 74 82 CS 14. 24 70 1 5 0 1 1 29*95 ‘12 P
Eebrnary ... ... 75 82 69 13 26 69 13  ... 1 -92 T2 >
March ... ... 79 85 74 11 22 73 1-8 ... ... ’88 -12 £
April ... ... 82 88 77 11 17 75 2*3 ... ... 81 -11 “
May ... *" ... 85 90 80 10 15 75 41 0*5 2 77 90 o
June ... ... 83 88 80 8 17 82 7 9 20*8 20 -67 -08 ^ .
Julv ... ... 81 85 77 8 13 87 9*1 24 7  29 -67 ‘06 g
August ... ... 80 84 77 7 13 87 8*8 15*1 26 73 '08 a
September ... ... 80 84 76 8 ' 13 86 7*5 10*8 21 78 ‘09 >
October ... ... 81 87 76 11 18 81 4 3* 1*8 7 ,'84 ' l l
November ... ... 80 86 73 13 22 71 2 2 0*5 1 ’91 11
December ... ... 76 84 70 14 23 70 1 8 01  ... ‘95 72

Year ... ... 80 77 4*4 74*4 108 29*82
Or _____________________________________________ 1--- ----------------------------------- --------------------------------------------------------- -------------------------------.to
** Mean highest temperature of year . . . 95° Absolute range of temperature . . - 46 9°

„  lowest ,, „  61° Rainfall of wettest year t40 years) . . l l l 'O ''(1849)
„  annual range of temperature . . 34° „  driest ,, •. 40 6 (1871)

Highest recorded reading (37 rears) . . 100*2° (1857) Rainy days in wettest year (11 years) . . 123 (18.33)
Lowest „  ,, 53*3° (1847) ,, driest „ ,, 82 (18/6) §

X â e ■ e° i x

- _ _  "  t



S. INDIAN PLATEAU. £
13. P oon a—Elevation 1849 feet.

T e m pe r a tu r e . ^ ’ g  R a in fa ll . B arom eter .
----  -----— .— -----------------------------------------------  D o ----------------------------------------1--------- ---

M. Range. ^  O
5 3 H s s  • 7~ • g a £? &>
S 5 ji? 12 >. 5  b c a =* S ’* 5S  := = g g ’- ' O g O ^ o

p  a  a  a  g____________________________________________________________ i______________________________________K-------------------------------------“ —  1 ]v
Jannary . 72 86 54 32 43 41 1 8 0 2  1 2813 14  W
February "  ... 76 90 56 34 50 33 1-7 ... ... '09 14  >
March "  83 98 64 34 47 29 2‘5 0 2  1 '05 14 g
April "■ 86 101 69 32 43 31 2’4 0-6 2 27’99 14
Mav 85 100 71 29 41 42 3 0  1-6 2 -94 12 K
j Une . 79 89 72 17 27 69 76  5‘6 13 -88 -09 §
JMy .* 75 81 70 11 19 79 9'0 6 6  21 -87 07 g
AuKUst ... 75 83 69 14 22 79 8 7  41  20 -91 '08 »
September ... ... 75 83 68 15 23 77 81  4 3  15 -97 10  g
October ... ... 78 87 66 21 33 58 4'9 4 1  8 28’05 12 o
November ... ... 75 85 59 26 41 46 2'8 0'8 2 10  13 kj
December ... ... 72 83 54 29 41 41 2‘7 0 2 1

Year ... 78 • 52 4'6 28’3 86 2801*

Mean highest temperature of year . . . 106° Absolute range of temperature . . <®-4“
,, lowest ,, ,, . . .  44° Rainfall of wettest year (43 years) . . . 56’9 (1861)
”  annual range of temperature . . .  62° driest „  „  • • - 14‘2'' (1844)

Highest recorded reading (8 years) . . . 109 2* (1886) Rainy days in wettest year (11 years) . . 94 (1883)
Lowest „  40 8° (1881) „  „  driest „  „  71 (18/6)

■ e°ixi l l ' ' §L

1
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s. INDIAN PLATEAU. O X j

14. Bangalore—Elevation 2981 feet.
Temperature. f___ __ ______________ _______ _________ a § Rainfall. Barometer.

- • D  | 0  _____________________________________________________

M. Range. W | g

c = M C • --------------------------------------------- —4— . . .e! 2 c: c  «  • <o C S-» ®
jS 5  a  S 3  i *  H 5 «  § 5* 3 ' S ?

n  a  a  a  ”
—---------------------------------- ----------------------------------—--------—-------------------------------------------------------- --------------  O

^fl" nary ......................  nl Vt 56 23 33 60 2'8 0-2 1 27-04 -12 5February ... ... 72 85 59 26 36 52 2'3 0-1 ... -02 - U  feMarch ... „  ... 77 90 64 26 37 49 2'6 0-6 2 26'99 -13 5*Pnl -  -  80 93 69 24 32 52 3 5 1'3 3 -94 -13......................  W 02 69 23 33 61 4-5 5'0 10 -90 -12 %Jn'ie ... ... /4 i 85 67 38 27 73 5 7  3'2 13 -88 -10July ... ... 72 83 66 17 24 77 62  4'0 14 -89 -09 2August ... ... 72 83 60 17 24 77 6-1 5 9  17 -90 -n  2September ... ... 72 82 65 17 25 76 5 9" 63  13 -93 -12 ?October ... ... 7 2  82 65 17 24 75 5‘7 6-4 13 90 -12November ... ... 7 0  79 62 17 27 73 4 9  1-9 7 27'00 -12December ... ... 67 78 59 19 29 68 4‘0 • 0-7 3 -04 -12
Year — 73 66 4-5 35‘6 96 2696

Mean highest temperature of year . . . 9S° Absolute range of temperature . . . 53'6°
„  lowest „ „ . . .  51° Rainfall of wettest year (51 years) . . 56’7" (1874)„ animal range of temperature . . . 47° „ , driest ,, „ . . . 16-0"(1838)Highest recorded reading (10 years) . . . 99'4° (1882) Rainy days in wettest year (11 years.) . . 149 (1878) 4*-L°west „ „ „ 45-8° (1877) „ ' „ driest „ .........................  73 (1876) £

1  • _
^  _ •
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len t a n d  o th e rs  w h ere  th e  h eat is e x ce ss iv e , m a n y  o f  th e  
h ea lth ie s t  a n d  m ost fa v o u r ite  sta tion s  in  In d ia  are  here 
s itu a ted , su ch  as Poona., B e lg a u m  a n d  B a n g a lo re  (v . ta b le s  
1 3 ,1 4 ) .  In  th e  so u th e rn  p o rtio n  o f  th e  p la tea u , e sp e c ia lly  
M y s o re , th e  ra in fa ll is su ffic ien t to  p e rm it  o f  th e  g r o w th  o f  
la r g e  fo re s ts  o f  tea k , sa n d a l w o o d  a n d  o th e r  v a lu a b le  trees , 
b u t  th e  ju n g le s  are  e x tre m e ly  m a la r iou s  au d  th e  in h a b i­
ta n ts  su ffe r  s e v e re ly . P o o n a  a n d  B a n g a lo re  a re  ch o se n  as 
e x a m p le s  n o t  so m u ch  fo r  th e ir  r e p re se n ta tiv e  c lim a tic  
ch a ra c te rs  as f o r  th e ir  im p o r ta n ce . T h e  fo rm e r  sta tion  
fo rm s  a  d e l ig h t fu l  re trea t, d u r in g  th e  ra in s , fo r  d w e lle rs  in  
th e  w estern  p r e s id e n cy  w h o  o b je c t  to  th e  e x ce s s iv e  m oistu re  
o f  B o m b a y  a n d  o th e r  p la ce s , w h ilst th e  c lim a te  o f  B a n g a ­
lo r e *  is  th e  fin est o f  a n y  s o -c a lle d  c p la in  ’ s ta tion  in  In d ia .

C o m in g , la s t ly , to  th e  C a rn a tic , w h ich  fo rm s  th e  ea ste rn  
a n d * so u th -e a ste fn  b o u n d a r ie s  o f  th e  g r e a t  p la tea u  ju s t  d e s ­
c r ib e d , a n d  in c lu d e s  th e  c o u n tr y  d ra in e d  b y  th e  lo w e r  
p o r t io n  o f  th e  C a u v e ry , a n d  th e  n u m erou s  h ill  ra n g e s  o f  
S o u th e rn  In d ia , w e  h a v e  a  c lim a te  w h ich  p re se n ts  im p o rta n t  
d iffe re n ce s  to th ose  o f  o th e r  p a r ts  o f  In d ia . W h a t  th is  
d iffe r e n c e  is  can  ea s ily  b e  u n d e rs to o d  fr o m  a  s tu d y  o f  th e  
g e o g r a p h ic a l  p o s it io n  o f  th is  p o r t io n  o f  th e  p e n in s u la  a n d  
fr o m  th e  d e s c r ip t io n s  a lre a d y  g iv e n  o f  its  r a in f a l l , !  a n d  o f  
its  r e la tio n  to th e  su m m er  a n d  w in te r  m o n s o o n s .j  I t  is n ot 
so  u n ifo rm  a c lim a te  as th a t o f  th e  w e s t  c o a s t , b u t , o n  th e  
o th e r  h a n d , it is r a r e ly  v e r y  h o t  a n d  n e v e r  v e r y  c o o l .  T h e  
m o s t  u n p le a sa n t  m o n th s ' a re  A p r i l ,  w h en  th e  d a m p  an d  
r e la x in g  f l o n g -s h o r e ’  w in d s  b lo w , a n d  A u g u s t  a n d  S e p te m ­
b e r , w h e n  it  is v e r y  c lo s e  a n d  'm u g g y  ’ b e fo r e  th e  a d v e n t  
o f  th e  w in te r  m o n so o n . F o r  th e  o r d in a r y  E u ro p e a n  it  is a 

• w o n d e r fu l ly  h e a lth y  c lim a te , b u t  to  som e  it  is to o  r e la x in g ,
w h ils t  f o r  o th e rs , w h o  a re  a c c u s to m e d  to th e  c lo u d y  a u d  / 
ra in y  w e s t  c o a s t , it is  t o o  w a rm . T h e  t o w n  o f  M a d ra s  
(v . ta b le  15) h as a  c l im a te  fa ir ly  ty p ic a l  o f  th e  C a rn a tic  
g e n e r a lly ,  b u t  in  th e  in te r io r  o f  th e  c o u n tr y  (v. ta b le  1G) it 
is  d r ie r  a u d  less r e la x in g .

* “  A climate second only in attractiveness to that of the Nilgiri hills,”  
Blandford. f  r, pp. 330-1. $ v. p. 373,
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THE CARNATIC.

15. Madras—Elevation 22 feet.____________________ I___________ _________________________________ ____ _____________________________
T emperature. • a Rainfall. Barometer.

________  ____________________________________  S O -------------------------------------------------------
M. Range. *3 O

• __________ ________________ _______  . ~ L. 4------ _* C • £ * j - to ^ fcc •
I  1 5  g S s  ^ g
a  a  a  a »  i £  a ! g g M o  «  « «* cS o fc-j *Q ^  ^  s_______ ' ______ ______________ ____ ______ __________________  o.— ---------------- ---- -------------------------------------- --------------------  tr*
7r R- C 8 1 7  26 72 41 0-9 3 29'99 '12 gJanaary ... ... *  85 08 17 tb ' 2S 03 1 ‘97 '13 >

February ... _  ... "  8 / 8  £ »  i  -91 -14 w
March .......................  81 90 72 18 g  /3 t .82  -13
April -  -  * ° S  1  17 32 67 3-9 21 3 *74 -13 O ,
*Ia? -  -  ss 99 81 18 31 Cl 6-5 2-1 10 ’70 -12

aft 97 79 18 28 64 7 1  3 0  14 *72 12 «
J " 'y  "■ "■ c - n - 7 7  18 27 69 6 4  4 ’G 14 -7o T3 2
£ u S n s b . .......................  J? o !  77  17 28 70 6 2  * 8  11 77 -13 ►September ... ... 84 94 // ' 6 .2  j0-5 14 ‘84 ‘13October ... ... 81 »9 7o 1 f i .3  1 3 . 5  .14 ’ 9 2  ‘ 1 2November ... ... / 8  8 0  <2 1 5 -4  5 . 3  9  ‘98 'll
December ... ... <0 8 ., <0 I 5 .0  4 g.0  9 5  29'S4

Year... ... 82

“TSSSTTr—r :  : :% ! : : f?<S■■ : *s t s  s
Lowest ,, ,, ) > * -  • *  \ 1



W  &THE CARNATIC. 4>-
16. Trichinopoly—Elevation 275 feet. *“■

'l'EMrERATPRE. • d  RAINFALL. BAROMETER.^ P---------------------------------------------------------------------- D q ----------------------------------------- ------------
| M. Range. ® 5

i  s * s • " 3 “ i " i « t. i &
a  s a  =3 g g I Q a  g

°  a  a  j ^  | g
-— --------- ----------------— —-------------------------------------------------------------------------------------------------------------------------------------------------- ---------- - >rt

January ... ... 76 87 67 20 30 68 42  1-0 1 2071 ’ 14 w
February ... ... 78 92 68 24 34 62 2-9 05  ... '70 '16 t>
March ... ... S3 ' 98 73 25 36 5S 31 07  1 ‘66 -16 g
April ... ... 87 101 78 23 33 54 4'4 18  1 -57 '16
May ... ... 88 102 78 24 33 56 5'6 38  5 - 52 45 g
Juno ... ... 8 6  99 78 21 29 57 7'4 1-3 3 '50 '12 H
July ... ... 85 98 78 20 27 57 7 7  2 2 3 -51 42 §
August ... .... 84 96 76 20 28 61 7’8 4-4 7 -53 43 g
September ... ... 83 95 75 20 27 63 7‘4 5'3 8 ’55 44 t->
October ... ... 81 91 74 17 26 73 78  7*8 11 ’59 44 g
November ... ... 79 S7 71 16 26 76 7'4 5'2 9 -65 43 *
December ... ... 76 85 69 16 27 74 5'9 31 6  70 43

Year... ... 82 63 60  374 55 2960

Mean highest temperature of year . . 106° Absolute range of temperature . . - 51'3°
„  lowest „  „  60° Rainfall of wettest year (33 years) . . 953^ (1863),, annual range of temperature . . 46° „  driest ,, „  ■ - • l^'l (1845)

Highest recorded reading (12 years) . . 107'9° (1876, 18S1) Rainy days in wettest year (11 years) . , /0 (1S '0
Lowest „  „  „  55-6° (1SS4) „  „  driest „  „  • 31 (18' 6)



® ! ■ . ■ • ' <SL
17. Colombo—Elevation 40 feefc.

Temperature. • q Rainfall. Barometer.
s  u ________ :___________________________

--------------------------------------------------------------------------------------------------------   D  O

■ k  M. Range. ® o  I
------- p  g  m  5  ^ 5! ej c: M k a  rj . . co- r* ca ra —Q  ( U c S O - j -  -*j  C  52 q  Of C 3 r f

a  .3  § $ g M s  « «
Q H ^  ^

_______________ —— !----------------------------------------------------------------——  --------------------------------------------------- - o
Tounni-w 79 8 6  72 14 21 74 4 9  3 0  6  20’8S T2 gJanuary ... ••• 73 j 14 23 73 4-2 1-7 4 '8 8  ’13 t>
S r y " '  82 88 75 13 18 76 4'7 55  9 '87 '13 £
4 ^ f,h '"  83 S9 77 12 18 77 56 8 8 13 ’82 ‘ 12 “  .
£ p " 1 ” • 83 87 78 9 18 79 6 ’8 132 20 '81 ‘10 o
TI,iy S*> 85 78 7 14 81 7'6 8'2 17 ‘82 'OS
l * ? *  -  ■•' g l 8 5  7 7  8 14 80 6'8  55 12 -83 'OS g
a Lai- ■" gl 84 77 7 13 80 7 '0 4 5  13 '84 ’09 W
■̂U".n . '"  oi eg 7 7  8 13 SO G’9 4 9  14 -86 ' l l  >

n S T r  .....................  ! !  85 76 9 35 80 6 8 129 2 1  '86  ' l l
November “ i "I S 85 74 H  J« 79 M  3 2 J  17 ;86 ;11

.....................  g  8 5  7 3  12  19  78 6-1 87’3 159 29-85

.......................1____________________ I -------------------------------------------------------------------------------------------- ---------------------

Mrio£fctemprareofr  : : s
: : j&gsg R̂ r i:‘i r rT ('2r 8): IS S  I
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LOWER BURMA. rfxH-*1

18. Rangoon—Elevation 41 feet. 01

Temperature. . p Rainfall. Barometer.___ ___________________  a oB O ------------------------------------------------------
M. Range. ® U
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January ... ... 7 5  88 04 24 35 66 2'4 02  1 20 06 '13 rt
February ... ... 7 7  03 65 28 38 62 2'2 0T 1 -91 -14 »
March ... ... 81 97 71 26 37 64 22 0T '87 05 m
April ... ... 84 98 76 22 31 68 30  V8 4 -80 '15
May ... ... 83 93 77 16 27 76 65 109 16 '75 0 2  g
June ... ... 79 86 77 9 18 88 8 ’8 18-4 28 '73 ‘09 g
Jnly ... 7S 85 76 9 16 90 9-0 213 29 '73 -OS o
August ... ...; 78 85 76 9 16 91 90 186 27 ‘75 '09 g
September ... ... 78 85 76 9 16 89 83  160 20 ‘79 Ol r-
October ... ... 80 88 76 12 18 85 0 2 81 14 '-84 02 §
November ... ... 78 87 73 14 24 SO 4‘5 34  6 -89 Ol "<
December ... ... 76 87 08 19 29 74 32  0O 1 -94 02

Year ... 79 78 5'5 990 153 2983

Mean highest temperature of year . . 104° Absolute range of temperature . . . 51°
„ lowest ,, „  58° Rainfall of wettest year (17 years) . . 113 4" (1871)
,, annual range of temperature . . 46° „ driest ,, „  . 690" (1874)

Highest recorded reading (11 years) . . 106 7° (1877) Rainy days in wettest year (10  years) . 16 1  (1880,1882)
Lowest „  „  „ . . 557° (1883) „  „ driest „ „  . 132 (1S78)



VA & ■) CLIMATES OP INDIA. 4 1 7  ' n i l  ,
O f th e  c lim a te s  o f  C e y lo n  a n d  B u rm a  it  is im p o s s ib le  to  

sa y  m u c li  lie re . T h e  fo r m e r  lia s  a n  e x tr e m e ly  u n ifo rm  
is la n d  o r  ‘ h u m id  m a r in e ’  c l im a te  (v . ta b le  1 7 ), w h ils t  th a t 
o f  L o w e r  B u rm a  (v . ta b le  18) r e s e m b le s  th e  c lim a te  o f  th e  
W e s t  c o a s t  o f  In d ia  a n d  th a t  o f  U p p e r  B u rm a  a p p r o x im a te s  
to  th e  c lim a te  o f  A ss a m . T h e r e  a re , h o w e v e r , m a n y  im ­
p o r ta n t  e x c e p t io n s . T h e r e  is  p r o m is e  o f  s e v e ra l e x c e lle n t  
s ite s  f o r  h ill  s ta t io n s  a m o n g  th e  S h a n  h ills  o n  th e  B u r m a - 
S ia m  fr o n t ie r . M e m y o  is  a lr e a d y  o c c u p ie d , a n d  B y iu g y i ,  
a t  an  a lt itu d e  o f  a b o u t  6 ,0 0 0  fe e t  o n  a  sp u r  o f  th e  S h a n  
h ills , h a s  b e e n  fa v o u r a b ly  r e p o r te d  on .

T h e  a b o v e  ca n  o n ly  b e  r e g a r d e d  as a  v e r y  b r ie f  su m m a ry  
o f  th e  m o re  im p o r ta n t  o f  th e  c l im a te s  o f  In d ia , b u t  i t  w il l  
s e rv e  to  g iv e  th e  s tu d e n t  o r  th e  n e w ly -a r r iv e d  m e d ic a l  
o ff ic e r  s o m e  id e a  o f  th e  w o n d e r fu l  v a r ie t y  o f  c lim a te s  
a f fo r d e d  b y  th e  I n d ia n  E m p ir e . F o r  m a n y  d is t r ic t s  a n d  
lo c a lit ie s  s p e c ia l  h a n d -b o o k s  h a v e  b e e n  w r it te n  b y  fo r m e r  
m e d ic a l  o ffice rs , c iv il ia n s , a n d  o th e r s , o f  w h ic h  th e  n a m e  
a n d  o th e r  p a r t ic u la r s  a re  o b ta in a b le  lo c a l ly .  T h e r e  j s  a  
g r e a t  w a n t  in  m a n y  p la c e s  o f  u p - t o -d a t e  a n d  e a s ily  a c c e s ­
s ib le  in fo r m a t io n *  r e g a r d in g  th e  lo c a l  c l im a te , d ise a se s , 
cu s to m s , e t h n o g r a p h y  a n d  o th e r  p o in ts  o f  v a lu e  t o  th e  
h y g ie n is t ,  a n d  it  is  e x t r e m e ly  d e s ir a b le  th a t  a  c o m p le te  
a n d  a u th o r ita t iv e  se r ie s  o f  m a n u a ls , c o n t a in in g  th e  la te s t  
o b ta in a b le  in fo r m a t io n  r e la t in g  d ir e c t ly  o r  in d ir e c t ly  t o  
th e  s c ie n c e  a n d  a r t  o f  h y g ie n e ,  s h o u ld  b e  c o m p ile d  b y  
s e le c t e d  m e d ic a l  o ff ice r s  a n d  p u b l is h e d  o f f ic ia l ly  f o r  th e  
u se  o f  a ll  c o n c e r n e d  w ith  th e  m e d ic a l  a n d  s a n ita r y  w o r k  
o f  th e  v a r io u s  d is t r ic t s .

* The D is t r i c t  M a n u a ls  which are written and published officially for 
many places are most useful, and should be studied by every medical 
officer, subordinate or otherwise, when appointed to a district; but the 
special information reqnired is often absent, scanty, or quite out of date.
The Madras District Manuals are now undergoing revision. Some are 
o f a most unwieldy size and not so useful to the medical officer as the 
original topographical hand-books published many years ago. V. also many 
papers in the transactions of the Bombay Med. Bbys. Soc., the Madras 
Journ. of Med. Sci., Census Reports, etc.

END OP VOL. I.
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(NOTE.—To Student. — I f  t h e  w o r d  l o o k e d  f o r  i s  n o t  p r e s e n t  a s  a  s e p a r a t e  

h e a d i n g ,  r e f e r  t o  t h e  c h i e f  h e a d i n g  o f  t h e  s u b j e c t : e.g., f o r  ‘ c o n s t a n t ’ m e t h o d  

o f v j a t e r  s u p p l y ,  s e e  W a ter , e t c . )

AIR
v it ia te d , effects of breathing, 11

of sick-rooms or hospitals, 15 
of closed rooms, where lamps are burning, 15 
of sewers, of decomposed matter, marshes, &c., 16 

purification of, how effected, 18 
by ventilation, 18 

rate at which, becomes impure, 20 
quantity, necessary to maintain health, 21 
means o f providing pure air, required, 24 

natural, by perflation, 24 
by aspiration, 26 
by circulation, 27 

artificial, by extraction, 27 
by propulsion, 2S

relative values of natural and artificial ventilation, 31 
See V e n t il a t io n

measurement o f the supply of pure, 30 
conditions essential to the effective distribution of, 35 
presence of, in drinking water—effect, 66 . 
in the soil, 118

See G roun d  A ir  
movement of, in sewers, 164 
See A tm o spheric  A ir .

AIR-METER— See A nemometer.

ANEMOMETER
description and use, 30, 367

It
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ANEROID BAROMETER 
description and use, 353

AMMONIA
as a constituent of air,—presence in burial grounds, &o,, 5 
free, in water,—how derived, effects, &c., 67,.69

AMMONIUM SULPHIDE—See Sulphide op Ammonium.
ANCHYLOSTOMUM DUODENALE

a parasite found in impure drinking water, 86

ANIMAL MATTER
air vitiated by decomposition of, effects on health, 16 

in dissecting-rooms and battle fields, 18 
as source of impurities in drinking water, 69

ANIMAL PARASITES
taken into the system by drinking impure water, 85 

ANIMALS—See Dead bodies.
ARSENIC

water containing traces of, should always be rejected, 76

ASCARIS LUMBRICOIDES
a parasite found in impure drinking water, 80

ASPIRATION
a method of ventilation, 26 

See Ventilation.
ASYLUMS—See Jails and Asylums.
a t m o s p h e r i c  a i r

its composition, &c., 1—14, 283
in open spaces or maidans, nearly pure as sea or mountain air, 6 
in manufactories, dwellings, &c., often extremely impure, C 
impurities, are either suspended (solid) or diffused (gaseous), 5 

inorganic, sources of, and where prevalent, 6 
organic, more varied and dangerous, sources, &c., 6 
suspended, act injuriously on health and how, 7

ascertained by microscope; organic by action of sul­
phuric acid, &c., 8

remedies for this form of impurity, 8 
diffused, of what they consist, &c., 9 

See Air
temperature, how determined, 285 

See Temperature
humidity, affected by amount of water-vapour present, 305 

See Humidity 
circulation of, 359 

See Wind.

' G° ^ X  •
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ATMOSPHERIC DUST 

sources of, meteorites, 379 
volcanoes, 380
wear and tear of earth’s surface, 380 

Mr. Aitken’s apparatus for ascertaining amount present, 381 
results of investigation by, 382

ATMOSPHERIC ELECTRICITY 
general conclusions arrived at in respect to, 378

ATMOSPHERIC PRESSURE 
not measure of weight, 337 
what is to be understood by, 338 
how may be ascertained,—instruments in use, 339 
changes in, to what due, 341
effect on human organization, when changes are rapid, 342

when it is increased, 343 
when it is lessened, 345 

Mr. Whyniper’s experiences, 315 
measurement of, 347

See Barometers—Aneroid Barometer 
fluctuations and undulations of, 353 
barometric charts, gradients, etc., 354 
diminishes above sea level, 354 
changes in India, 357

AQUEOUS VAPOR 
as a constituent of air, 4 
how quantity present may be measured, 4 
See Humidity.

BAND
of a tank, etc., how constructed, 51 

BAliFF PROCESS-See Pipes.
BAROMETERS

instruments for measuring atmospheric pressure, 3o9, 347
mercurial and non-mercurial, 347
on Fortin’s principle, the standard form in India, 348

description and use of, 348
non-mercurial, the aneroid, 353 
calculation of heights by means of, 354 

See Heights.
BAROMETRIC CHARTS,—354.

BARRACKS
past and present, 267 
See Buildings.

BATHS—See Sewerage Systems>
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BEAUFORT SCALE 
for measuring velocity of wind, 368

BERLIER SYSTEM 
of sewerage, 170

BILHARZIA HiEMATOBIA 
a parasite found in impure drinking water, 86

BOTHRIOCEPHALUS SP. 
a parasite found in impure drinking water, 85

BRINJARRIES 
encampments of, 247

BUILDINGS
as suitable for human occupation, 218
requisites for a healthy habitation, 220

cubic space required for supply of pure air to, 32
space cannot postpone consequences of deficient ventilation of, 33
floor space available needs consideration, 33
measurement of cubic space, 34
inlets and outlets of air, their position, number, size and form, 35 
examination of the ventilation of a room, 42 
defective, their influence on health, 221 

dwelling-houses, of the wealthy, 222 

of the poor, 241 
See Houses

hospitals, for general and special diseases, 250 
for infectious diseases, 262 

See Hospitals
jails and asylums, sanitation, 265 
barracks, past and present, 267 
schools, points for consideration in regard to, 270 

See Schools
shops, offices and other public buildings, 278 

See Shops.

BURIALS—See Dead bodies.
CALCIUM

excess of, renders water unfit for domestic use, 71 
combinations in which it exists, 72 
carbonate causes ‘ temporary’ hardness, 72 
sulphate causes ' permanent’ hardness, 73

CARBON DISULPHIDE 
source,—effect on health, 13

CARBON MONOXIDE 
poisonous,—action, 11

(t( W)v (fil
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u a RBONIC a c id
as a constituent of atmospheric air, 2 

ordinary causes of excess, 2 

effects on health of air containing excess of, 3 
amount how estimated, 4

presence in drinking water—effect, source, detection, 66, 67 

CARBONISER
for destruction of vegetable refuse, etc., 145

CARBURETTED HYDROGEN—See Marsh Gass.
CARMICHAEL CLOSET 

described, 154.

‘ CATCHMENT AREA'
a selected ground surface for collection of Water supply, 51

CESSPOOLS or CESSPITS—See Sewerage system.
CHARCOAL 

as a filtering medium, 90
how best cleansed, 95 

as a deodorant for excreta, 138

CHLORINE
presence in drinking water, combinations and sources, 70 

CHOLERA
sudden local outbreak, due to poison by water, 86

and infectious diseases hospitals,—buildings on former Sites of cholera
burying grounds forbidden, 127 «

CIRCULATION 
a method of ventilation, 27 

See Ventilation.
CIRRUS—See Clouds.
CLIMATE

and meteorology, chapter on, 282 
defined from a sanitary point of view, 282 
elements of, 284

temperature and diathermancy, 2S5 
See Temperature

atmospheric moisture or humidity, 305 
See Humidity 

atmospheric pressure, 337
See Atmospheric pressure 

circulation of atmosphere, 359 
See Wind 

light, 374
See Light

INDEX. 423 V f i T



CLIMATE—(continued.)
electrical condition, 378

See A tmospheric electricity  
dust, 379

See A tmospheric  bust  
considered collectively, 381 

See C limatology 
local influence of soil on, 1 1 1
affected by conformation and geological structure of locality, 1 1 1  

by character of neighbourhood, 1 1 2  

by vegetation which soil supports, 113 
by permeability of soil and subsoil by water, 114 
by heat absorbing and radiating power of soil, 115 
by color of surface of soil, 118 

of India in various places, 390 
See C limatology.

CLIMATOLOGY
factors of climate considered collectively, 384 
geographical position and physiography of Indian empire, 385 
classification of climates, 387 

Dr. Williams’, 388 
Dr. Weber’s, 389 

climates of India, 390
may be classed as island, continental and hill, 391 
hill climates, 391

difference between sanitaria of Himalaya and Nilgiris, 392 
Punjab, Sindh, Rajputnna, N, W. Provinces and Ondh, 392, 393 
Central Indian Plateau, Behar, Bengal and Orissa, 401 
Assam including Cachar, Sylhet and certain hill tracts of 

Indo-Burma, 404
Central Provinces, Nagpur, Berar, Raipur, 406
West coast from Gulf of Cambay to Capo Comorin, 408
S. Indian plateau, 408
Carnatic, 412
Ceylon and Burma, 417
meteorological tables showing climatic features of Leh, Simla,

Shillong aud Ootacamund, 394—397
Lahore, Jacobabad, Lucknow, 398—400 
Saugor, Calcutta, 402, 403 
Silchar, 405 
Nagpur, 407
Bombay, Poona, Bangalore, 409—411 
Madras, Tricbinopoly, Colombo, Rangoon,

413— 415

See C l im a te ,

CLOSETS . . . .
water, for use in connection with water-carriage system, 153, 154

f ( t >  ' (fiT
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CLOSETS—(continued.) 
water, the Unitas, 154

the Carmichael, 154 
question of use of, in India, 200, 206 

See S ewerage systems 
earth, Monle’s, 139

CLOUDS
are mists at high altitudes, 319 
classification of, by Howard, 320 

cirrus, 320 
cumulus, 320 
stratus, 321 
nimbus, 321

by Abercromby and Hildebrandsson, 322 
estimation of, 323 
in India, 323

COAL ASHES
as a deodorant for excreta, 138 

COMBUSTION
products of, important but rarely accumulate in air in India, 15 

COMPRESSED Allt BATHS,—344 
CONCUETOR

for drying faecal matter, 145 ,
COOLIES—See Huts.
COPPER

water containing traces of, to be rejected for drinking, 76 
CORPSES—See Dead bodies.
COWLS

use of, in ventilation, 25 

CREMATION
the most sanitary means of disposing of dead bodies, 208 
arguments in favour of, 209, 210 
the only weighty objection against, 2 10 . 
in India, selection of places for, 211

CREMATOR
Jones’ Fume, for destroying noxious vapours, 145

CUBIC SPACE 
measurement of, 34

CUMULUS—See Clouds.
CYCLONE-See Wind.
DANIELL’S HYGROMETER 

descrintion and use, 312
54a
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DEAD BODIES 
human, disposal of, 208by cremation, tho most sanitary means, 208

in death from cholera, should be imperative, 214 
by earth burial, soil conditions,—situation, 212 
in vaults, insanitary, 213 
changes undergone by, 213
by water burial, insanitary except after complete cremation, 215 
at sea, preferable to earth burial, 215 
by other means, 215 

of lower animals, disposal of, 21G
during epidemics, destruction by fire imperative, 2 1G 

war and famine, 217

DESTRUCTOR
for destroying town refuse, 144, 145 

DEW
and hoar frost, how produced, and what favors their formation, 316, 317 

DIARRHCEA
from impurities in water, 82, 84
epidemic, due to impure air or water, or bad food, SO 
constantly affecting a community, or returning periodically, most likely 

due to bad water, 86

DIFFUSION
what is meant by, 18

DISEASES
produced by drinking impure water, 82

DISTILLED WATER
where used for drinking, 81 
insipid and perhaps indigestible, 82

DISTOMA HEPATICUM
an animal parasite found in impure drinking water, 85 

DRAINS
open aud closed for sewerage purposes, 148, 158

See Sewerage system.
DRINKING WATER,—See Water.
DUST—See Atmospheric Dust.
DUST COUNTER—See Dost.
DYSENTERY

from impurities in water, 82, 86 

from chill, 310, 327, 365

(! S (fiT
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EARTH
as a deodorant of excreta, 139

EMPLOYEES
hours of work, 280 
housing of, 281

ENCAMPMENTS
of nomadic castes—gipsies—pilgrims, 216 ,
for coolies and gangs of workmen, 248 
arrangement of tents in, 249

ENTERIC EEYER
sudden local outbreak probably due to poisoning of water supply, 86 

supposed connection with air and water in soil, 122, 125
EXCRETA, HUMAN

average amount of fmcal matter passed daily, 135 
removal of, without admixture, 136

the “  midden” and “  pail” systems of conservanoy, 136 
with admixture, 138 
deodorisation,—methods of, 138

use of earth, coal ashes, or wood ashes for purposes of, 139 
disposal of, ( 1 ) by returning to soil; and (2) by destroying with fire, 140 
removal and disposal of, system best suited for India, 19S

in case of isolated houses aud very small villages, 203 
of large villages and small towns, 203 
of jails, hospitals, lines, cantonments, &c., 204 
of large cities, 204.

EXTRACTION
a method of ventilation, 27 

See Ventilation.
FiEOAL MATTER

when injurious to health and when not, 17 
average amount passed daily, 135 
See Excreta.

FERROZONE
process for disposal of sewage, 189

FEVER 
enteric, 86

See Enteric Fever 
malarial, 87

See Malaria.
FILARIA DRACUNCULUS

an animal parasite found in impure drinking water, 86

FILARIA SANGUINIS HOM1NIS 
• an animal parasite found in impure drinking water, 86

■ g°5 pX
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FILTERS

for purifying water, description of those used, 89
charcoal and iron as media, 90, 92 

Bischof’s spongy iron, 92 
Crease’s carbalite, 92 
Pasteur-Chamberland, 92 
Berkefeld, 92 
essentials of a good, 93
for domestic use, classified according to material used, 93 
Filtre Rapide, 93 
Morris’ Circulating, 93
the three chatties or ghurrahs on bamboo stand, 94 
Macnamara, 94
for barrncks, asylums, ships, 91 
self-cleansing, none are, 95 
for travellers, 96

FILTRATION
a process for purifying water, 52, 53, 89 

See Water ••
intermittent downward, 183 

See Sewage.
FOG—See Mist.
FUME CREMATOR—See Cremator.
GAUGES

for measurement of rainfall—various kinds, 327 
for estimating pressure of wind, 368

GOITRE
probably results from use of water from limestone or dolomite, 84

GOUX SYSTEM 
for removal of excreta, 137

GRAVE YARDS
residence in the neighbourhood of, unwholesome, 17 
dangerous to public health, 209 
selection of site for, 2 12  

See Dead bodies.
GROUND AIR

varies in amount according to density of soil, 118 
very impure, 118

degree of impurity on what dependent, 119 
movement, influenced by diurnal temperature variations, 119 

by permeability of soil, 119 
by varying levels of ground water and rainfall, ll9  

in relation to disease causation, 12 2  *
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GROUND WATER
an important source of water supply, 45 

moistnre of soil as distinguished from, 120 
depth at which it lies—subterranean lakes, 12 1  
direction and rate of movement, 1 2 1  

in relation to disease causation, 125 
remedies for evils due to changes in level of, 129

HAIL
how formed, 335
stones, what they consist of, 336 
influence upon health, 337 
estimation of, 337

t
HARDNESS

in water,‘caused by, 71—74
relation to health, 84 
how estimated, 105—108

HAZE
how formed, 318 

HEALTH
in relation to, atmospheric impurities, 3, 7, 10—18 

See Atmospheric Am 
impurities in water, 8§—87 

See Water
impurities in soil, 111—118, 122—130

See Ground Am, Ground Water, Soil 
removal of refuse matter, 191 

See Waste Matter 
buildings

See Buildings, Hospitals * 
climate and elements of climate 

See Climate, Climatology 
light, 314 

See Light 
hail, 337 
humidity, 309 
rainfall, 326 
6now, 337

HEIGHTS
calculation of, by means of barometers, 354 
table for rough measurement of, 355 

for calculating exactly, 356

HOAR-FROST—See Dew.

HOSPITALS
impurity of air in, 15
demand an extra supply of pure air, 23

■ g°iJ x
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HOSPITALS—(continued.) 
for geheral and special diseases, 250

points requiring attention in construction of, 250 
Miss Nightingale’s report on, 251
site for, elements which ought to determine choice of, 251, 262 
designs for, 256
ventilation, cubic space, and superficial area for, 256, 257 
for India, 258
color, floor, walls, ceiling, 259 
position of wards to be occupied by natives, 260 

for infectious diseases, 262
site should be isolated but easily accessible, 262 
arrangements of wards, &c., 263 
provision for epidemic outbreaks, 264

HOUSES
supply of pure air for rooms, 32 

See Buildings 
of wealthy classes, 222

healthiness' is ensured by a dry and non-malarious site, 223
by purity of water supply and removal of dirty water, 224 
by proper system in regard to removal of sewage, excreta,

&c., 225
by efficient ventilation, 226
by dryness and proper construction of foundations, 230

of walls, 232 
of floors, 234 
of roofs, 235 
of ceilings, 237 
of rain pipes, 237

out-houses and compound, 238 
kitchen, 239 

of poorer classes, 241
general defects, 242
difficulty of introducing improvements, 243 
partial remedies for defects of, 244 
rules for maintaining in sanitary condition, 245 

of coolies and gang workmen, 248 
of shop assistants, &c., 281

HUMIDITY
largely dependent on conformation of soil, 1 1 1

or water vapor as a constituent of air, o05
amount of atmospheric, dependent on temperature, 305
in relation to health, 309
estimation of, 311

relative, 314 
absolute, 315



HUMIDITY— (continued.) 
in India, 315

diurnal variations, 315 
annual variations, 316
geographical distribution, dependent on moist or dry winds pre­

sent, 316
table of mean annual, in various provinces, 316

HUTS
for coolies and gang workmen, 248

HYDROCHLORIC ACID 
source—effect on vegetation, 14

HYDROGEN SULPHIDE
source—effects of inhalation, 12

HYDRO-PNEUMATIC 
system of sewerage, Skone’s, 169

HYGROMETERS
description and use of various, 311, 312, 313

ICE WATER 
unpnlatable, 78

INCINERATORS
their use in disposal of town refuse, 144 

See Destructors.
INDIAN EMPIRE

geographical position and surface characters of, in relation to health, 385 
climates of, 390

See Climatology.
INFECTIOUS DISEASES 

hospitals for, 262
See Hospitals.

INLETS
for fresh air, their position, number, size and form, 35—42

INTERCEPTION SYSTEM 
of sewuge removal, 171

IRRIGATION
a cause of disease, 129 
a means of disposal of sewage, 177 

See Sewage.
IRON

in water, present mostly as carbonates—flavor—removal, 74

JAILS AND ASYLUMS 
sanitary considerations' in regard to, 265
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JONES* “  FUME CREMATOR5* 
for destroying town refuse, 145

JUNGLE STREAMS
sometimes form a wholesome drinking water supply, 80

KHAS-KHAS TATTIES 
cooling of buildings by nse of, 280

LATRINE
accommodation in shops and offices, 278
moveable, may be used for isolated houses and small villages, 203 
public, alleged drawbacks of, 204

LEAD
in water, occasionally found, and commonly when passed through 

pipes, 74
conditions under which solution occurs, 74, 75 
poisonous, 75
remedies for neutralising bad effects, 75

LIERNUR SYSTEM 
of sewage removal, 170

LIGHT
as a factor of climate, 374 
in relation to health, generally, 374 

in India, 377
MAGNESIUM

presence of its salts in water produces intestinal derangement, '7 3  

MALARIA
doubtful whether produced by drinking impure water, 84 

. not much known with certainty about the poison of, 123
generated how,—probably not gaseous, 123 
where likely to be prevalent, 124 
introduced or increased by defective irrigation, 129 
is probably spread by action of wind, 364

MARSHES
air of, and water in neighbourhood of, produce what diseases, 18 
os cause of malaria, 124

MARSH GAS
as an impurity of atmospheric air—source—effect on health, 12  

presence in water—not mischievous—source, 68

METEOROLOGY—See Climate.
MIASMATA

arising from soils, how may be guarded against, 128 
possible relation of, to exercise before sunrise in India, 365

■ Go%\
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MIDDENS
are pics attached to houses, for reception of excreta, eto., 136 

MIST
and fog consist of condensed water vapor, 318

MOISTURE 
in the soil, 120 
in the atmosphere, 305 

See Humidity.
NITRATES

presence of, as impurities in water, 69 

NITRIC ACID
traces of, in air—no influence on health, 5 

— how may be detected, 5
in water, 69

how may be detected, 10 1 

NITROGEN
as an element of air, not directly poisonous, 2

NITROUS ACID 
traces of, in air—source, 14 
in water, 69

ORGANIC VAPORS
in air, of unknown composition—sources—nature, &o., 9 
in respired air, poisonous—prisons, hospitals, &c., 10

detection of and quantitative relation to carbonic acid, 1 1  

OUTLETS
for vitiated air, their position, number, size and form, 35 —42 

OXYGEN
as a component of air, 1  

OZONE
allotropic form of oxygen—presence in atmosphere, 1 , 2 

PAILS
with nir-tight lids for removal of excreta, 137

PASTEUR-CHAMBERLAND FILTER 
description of, 92

PERFLATION
a method of ventilation, 24—26 

See Ventilation. ,
PHOSPHORIC ACID

importance of ascertaining presence or absence in water of, 71

PHOSPHURETTED HYDROGEN 
in air—source, 14

55  a
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PILGRIMS
encampments of,—a frequent source of disease, 247 

PIPES
for carrying water, 56
action of water on lead, 74, 75
for carrying sewage, 157, 158, 168, 169

PROPULSION
a method of ventilation, 28—30 

PUNKAH
a form of air-propeller, 30
details regarding construction and use of, 229, 230 

RAIN
as a source of drinking water, 77
conditions of formation, imperfectly understood, 324
fall, favoured by, 325

effect upon health, generally and individually, 326 
measurement of, by gauges, 327 
in India, unevenly distributed, 329

average for the whole country, 330 
seasonal distribution, 330 *
table of annual, including Burma, 331 

monthly, 332
peculiar character of tropical, 335 

has remarkable effect in lowering temperature, 289

REFUSE—See Waste Matter—Town Refuse.
REGNAULT’S HYGROMETER 

description and use, 311

RESERVOIRS 
for storage of water, 51—53

RIVERS
in India, unsatisfactory as source of water supply, 80 
Pollution Act in England, 174

RUBBISH—See Town Refuse. '

RUBBISH DEPOTS 
town refuse brought to, for disposal, 142

SCHOOLS
hygiene of, attracting attention, 270
ventilation of, a primary point of consideration, 271, 272
arrangement of light in, 272
provision of suitable desks and seats necessary, 273 

rules in respect to, 274—278

1



■^HOOIiS-(con4i7VMed.)
light its amount and direction, 272 

rules in respect to, 275 
desks and seats, 273
sanitary and medical inspection—latriue—play-ground, &c., 274 

SETTLING TANK
or settling reservoir, for the subsidence of impurities in water, 52, 87 
or precipitatiou tank, for the subsidence of impurities iu sewage, 177,188

SEWAGE
emanations as affeotiug health, 10

water of many shallow wells is practically, 78, 79
constitution of, 148
separation of, from rain and subsoil water, 160 
removal of,-by modern sewerage system, 148

by Shone’s hydro-pneumatic system, 169 
by the Liernur and Berber systems, 170 
by the Interception system, 171 

disposal of, 172
processes invented for, classified, 173 
by direct discharge into tidal river or sea, 174

whether by such discharge it is purified, uncertain, T74 
llivers Pollution Act, 174 
action of salt water on fresh sewage, 176 

by mechanical subsidence aud by filtration, 177 
by irrigation, 177

broad or surface on agricultural ground, 177 
subsoil system, 181

by intermittent downward filtration, 183 
by chemical precipitation, 1 SG

substances used as precipitates, 1 S6 

objects to be kept in view, 18S 
by the International (Ferrozoue) process, 189 
by the electrolytic process, 190 

health in relation to removal of, 191
experiences in England, &e., 191 

in India, 192
See Sewerage systems—Town refuse.

SEWAGE FARM
under the surface irrigation system, 1/8  •
under the subsoil irrigation system, 181
under the intermittent downward filtration system, lb4

SEWERAGE SYSTEMS
still iu primitive condition in India, 148 
drains, open and closed, 148, 158 
cesspools or cesspits, 150

largely in use on continent ? f  Europe, 152

\.{. j l j  'i n d e x . 4 3 5  VST
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SEWERAGE SYSTEMS—(continued.)
from honse to outfall, description of modern, 153 

baths, sinks and closets, 153 
traps of various kinds, 154 
house or stillage pines, 157 
soil pipes, 157 
honse drains, 158
sewers,—tributary, main and outrall, 159 

See Sewers—Traps.
“ partially separate,”  159, 167 
“ combined,”  ICO
advantages and disadvantages of above two systems summarized, 160,161 
Hydro-pneumatic, 169 
Liernur and Berber, 170 
Interception, 171

SEWERS
enteric fever, etc., caused by air of ill-ventilated, 16 
air not very foul, in modern well-made, 165, 166 
how connected with house drains, 159
separate and combined systems, merits and demerits of, 160, 161 

See Sewerage Systems 
shape, size, &c., of, 162 
ventilation of, 163, 165

movement of air in, 164 
outfall, 166
objections to underground with house connection, all founded on cases 

of faulty construction, 199

SHADE-HEAT—See Temperature,
SHEDS

for sick during epidemic, 264

SHONE’S SYSTEM—See Hydro-Pneumatic.
SHOPS, OFFICES, &c.

defects in buildings noticeable, 278
latrine accommodation, 278
ventilation, 279
cooling, 280
hours of work, 280
houses for assistants, 280

SILICIC ACID
in water, presence of not hurtful—absence of possibly injurious, 71 

SIMOOM—See Wind.

SINKS
for sullogo water, etc,* 153
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SNOW
aud hail bow and wbeu formed, 335 

influence on health, 337 
estimation of, 337

SODIUM
in water,—effect of the presence of the chloride and sulphate, 74 .

SOIL
careful attention given to, only of late years in connection with hygiene,

109
meaning of term, 109 
‘ made,’ meaning of, dangers of, 126, 127 
composition of, 109
1 snrfaco soil’ and ‘ snbsoil,’ merely relative terms, 109 
air and water important constituents of, 110  

in what way it affects sanitation, 1 1 1  

climate, local influence of, on, 1 1 1  
See C lim ate .

air in, as affecting health, 11S 
See G round A ir . 

water in, 120
See Ground water—Moisture.- 

healthy and unhealthy, 126 
improvement of unhealthy, 127

alluvial generally unhealthy, 128 
miasmata from, how may be guaroed against, 12S 

examination of,—mechanical condition, loO 
chemical composition, 131
meteorological—temperature, moisture, groand air, 131 
biological,—animal and vegetable life in, 132

SPRINGS
■\ as a source of drinking water supply, 47, 79

STREAMS
or small rivers, as a source of drinking water supply, 79

SUBSOIL 
meaning of, 109 
drainage of, 129 

See Soil
irrigation, 181 — 183 

See Sewage.
SULPHIDE OP AMMONIUM

as contained in atmospheric air—sources—effects—detection, 13

SULPHURETTED HYDROGEN
 ̂ in air, presence—source detection lemoval, 1*., 13

in wftter, presence— source—detection lemouil, 67

f ■ ■ 'A
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SULPHURIC ACID 
in atmospheric air—source— effect, 13

SULPHUROUS ACID
in atmospheric air—source—effect, 13

SUNSHINE RECORDER 
for estimating duration of bright sunshine, 299

SUNSTROKE 
causes of, 292

SURFACE SOIL 
meaning of, 109

TANK
a natural or semi-artificial reservoir for storage of water, 46, 51, 53

TEMPERATURE OF AIR 
as an element of climate, 28o
solar radiant energy, original source of atmospheric heat, 285
directly dependent on what and modified by, 286
elevation above sea level reduces, 287
relative extent of land and water influences, 287
nature and conformation of soil, largely influence, 1 1 1 , 288
sun heat, 286
shade heat, 286
currents, aerial or oceanic, modify, 288
rain has remarkable influence in lowering, 289
effects on human organization, of sudden changes in, 289

of cold, 290 
of heat, 290
of direct heat of sun, 292 

instruments for ascertaining, 294 
See T hermometers. 

fluctuations and undulations of, 299
observations in India, 300

table of mean, extreme and average taken at 51 stations, 303, 304 
influence of, upon degree of Humidity, 305 

See Humidity.
TENTS

camp life in, 249 
THERMOMETERS

construction and principle of, described, 294 
scales in uso for graduation of—Fahrenheit—Centigrade, 29o 
varieties in use for meteorological purposes, 296 

shade maximum, 296 
shade minimum, 297 
solar radiation, 298 
terrestial radiation, 29S 
wet and dry bulb, 296,313



TCENIA SOLIUM
an animal parasite fouud in impure drinking water, 85

TCENIA MEDIOCANELLATA 
sftx animal parasite fouud in impure drinking water, 85

TOWN REFUSE
nature of, different in Europe to what it is in India, 142 
removal and disposal of, 142, 146, 192

by dry methods, 142, 195 
how nsually disposed of, 143 
destruction by fire, 144

See Destructor—Waste Matter 
best systems of removal and disposal in India, 194 

of dry refuse, 195
, -of liquid refuse, 195

of excreta, 198
TRAPS

for sewerage purposes, 154
principle of construction of, and faults of obsolete forms of, 155 
the Siphon, 154, 155 
Buchan’s, 156
are not perfect preventives of backward passage of sewer air, 150

TRICOCEPHALUS DISPAR 
n parasite found in impure drinking water, 86

TUBE WELLS, NORTON’S 
described, 47

UNITAS CLOSET—See Closets. *
VAPORS

great importance of organic, but of unknown composition, 9 

See Organic vapors.

VEGETABLE MATTER 
as an impurity of air, 5, 6 

as an impurity of drinking water, 68

VENTILATION
technical use of the term, 20

‘ topical ’ in dusty trades, attended with most favorable results to health, 8 

purification of air by, 18
* external ’ promoted by widening and watering streets, regulating 

height of buildings, &c., 19
‘ internal’ consists in supply of fresh air and removal of vitiated 

air from inhabited buildings, 20

two great methods of ventilation—natural, by perflation, circula- 
, tion, or aspiration ; and artificial, by propulsion, or extraction,

2 4 -30
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relative value of natural and artificial, 31 
space cannot postpone consequences of deficient, 33 
measurement of cubic space for purposes of, 34 
inlets and outlets, 35 

their position, 37 

their number, 38 
their size, 38 
their form, 39 

their management, 39

examination of, of a room or building, 30, 42 
See Air—Buildings—Hospitals—Houses, & c .

VESICAL CALCULI
probably common where hard wntei-is drunk, 84 

WADDER3 
encampments of, 247

WASTE MATTER 
sources of, 133
classification of, into wet material (sewage) and dry material (refuse),

134
removal and disposal of, comes next in importance to pure water and 

fresh air supply, 133
by dry methods, 136

See Excreta—Town refuse 
by wet methods, 146

See Excreta—Sewerage systems—Sew- 
age, &c.

# hi India, of dry refuse, 195
of liquid refuse, 195 
of excreta, 198

carcases of human bodies and animals, 208, 216 
See D e a d  b o d ie s

health in relation to pemoval of, 191 
WATER

in neighbourhood of burial grounds and marshes, 17, 18 
impure, chief cause of mortality and chronic disease, 4 t 

sufficient and suitable supply, of supreme importance, 44, 63, 87 
sources of supply, rain, springs, &c., 45 , 77

ground water most important source, 45 
indications of presence of,—search for, 46 
methods of supply,—direct from wells, tanks, &c., 47

indirect, from distant source after purification, 48 
estimation of yield, from rainfall, 48 

from wells, 49 
from springs, 50
from streams and small rivers, 50 »

' Gô X
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WATER— (continued.) 
storage of, 51

in large reservoirs, tanks, etc., 52 
cisterns, 53 
wells, 54

distribution, various means of, 56
intermittent system—disadvantages,—fulling into disuse, 57 
constant service system, 57 
direct method, 58

quantity required, no precise rule can be laid down, 58, 61 
as estimated for an English manufacturing town, 59 
for food and cooking purposes, 59 
for washing person, clothing, utensils, occ., 60 
for hospitals, 61

quantity for cleansing sewers, 62
for various descriptions of cattle, 60, 62 

insufficient supply, productive of suffering, debility, &c., 63 
drinking, what constitutes good and wholesome, 64 

varieties according to source of supply, 77
rain water, wholesome—composition—impurities, 77, 7S 
ice water, unpalatable—cause of dyspepsia, 78 
well water, good or bad according to circumstances, 78 
springs, liablo to same source of impurities as wells, 79 
streams or small rivers, impure, 79

jungle streams, sometimes a wholesome supply, 80 
rivers, unsatisfactory as source of supply, 80 
table of comparative merits of different sources, 81 
quantity and quality varies widely with season, 81 
distilled, insipid and perhaps indigestible, 81, 82 

impurities in, are either suspended or dissolved, 65 
suspended, of what they consist, 65 
dissolved or in solution, of what they consist, 65 

gaseous impurities, 66

organic impurities of vegetable or animal origin, 68 
presence of free ammonia and nitrates, 67, 69 

mineral impurities, 70 
impure, diseases produced by drinking, 82

animal parasites Bwallowed in drinking, 85, 86 

purification of, by distillation, 81, 87
by precipitation, natural or artificial, 87 
by boiling, 88

by filtration—effects three-fold, 89 
on the large scale, 52, 53, 89 
on the small scale, 90—96 

examination of, 96
samples, collection of, for purpose of, 90 

information to accompany, 97
o6a
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W ATER— (continued.)

for hygienic purposes, 98
rough and ready,— by sight, taste, smell and colour, 98 
physical examination, 98 
qualitative examination, 100

table of substances sought for— reagents, 101 
presence of chlorine in quantity important, 104 

quantitative examination, 105
estimation of hardness— procedure, 105 

solvent action on lead, 71,74  
in the soil, 77

See Ground water— Moisture 

WATER-GAS
poisoning from, owing to presence of carbon monoxide in, 11 

W ATER VAPOR— See Humidity— Dew— Mist, &c.

WELLS 
shallow, 46 
deep, 46 
artesian, 46

See Water.
WELL WATER

good or bad according to circumstances, 78

w m D
or circulation of atmosphere, how classified, how caused, 360 ->d

calms— cyclones, 362
effect on health of community and individuals, 363 
the simoom, 366
estimation of, as to direction, 366 

as to velocity, 367
as to pressure, 368 ‘

observations in India, 370
land winds and sea bree, cs, 370
‘ down valley’ and ‘ up valley, 371
aunnal variations and direction,— monsoons, 372, 373
mean monthly resultant direction and velocity for Madras, 3 /4

21NO . *
water containing traces of, should generally bo lejected, /6
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