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I l l

The p r e s e n t  i n v e s t i g a t i o n  was c a r r i e d  o u t i n  o rd e r  to  

o b ta in  some q u a n t i t a t i v e  in d i c a t io n s  o f  th e  e f f e c t  o f  a i r  c o n d i t io n s  

v a ry in g  i n  te m p e ra tu re ,  a i r  movement and  h u m id ity ,  on c e r t a i n  a s p e c ts  

o f  r e s p i r a t i o n ,  c i r c u l a t i o n  and  e x c r e t io n  and  a l s o  th e  r e l a t i o n  o f  

th e s e  c o n d i t io n s  to  m u scu la r and  m e n ta l e f f i c i e n c y .

A dverse a tm o sp h e ric  c o n d i t io n s ,  su ch  a s  o c c u r i n  m ines and 

v a r io u s  i n d u s t r i e s  ( e .g .  c o t to n  and  l i n e n  w eaving) have  b een  shown by 

miraercrns w ork ers  to  hav e  p ro fo u n d  e f f e c t s  b o th  on th e  h e a l th  and  

e f f i c i e n c y  o f  th e  i n d u s t r i a l  w o rk er.

I n  t h i s  c o u n try , L eonard  H i l l ' s  k a ta th e rm o m e te r  i s  now u se d  

e x te n s iv e ly  to  d e te rm in e  th e  s u i t a b i l i t y  o r  n o n - s u i t a b i l i t y  o f  th e  

a tm o sp h e ric  c o n d i t io n s  i n  f a c t o r i e s ,  s in c e  th e  " c o o lin g  pow er" (C .P .I  

s e rv e s * a s  a  f a i r l y  r e l i a b l e  in d e x  o f  b o d ily  c o m fo rt. B u t, a s  w i l l  

b e  shov/n l a t e r ,  th e  katatheriT iom eter i s  n o t s t r i c t l y  com parable to  th e  

human body , V ernon a tte m p te d  th e  v e ry  te d io u s  t a s k  o f  c a l i b r a t i n g  

th e  k a ta th e rm o m ete r  i n  te rm s o f  human s e n s a t io n .  W orkers i n  f a c t o r i e s  

w ere a sk ed  i f  th e y  found  th e  a tm o sp h e ric  c o n d i t io n s  " c o m fo r ta b le " ,

" to o  c o ld "  o r  " to o  h o t " .  T ak in g  th e  a v e ra g e  o f  th e s e  o b s e r v a t io n s ,  

Vernon found  t h a t  a c o m fo rta b le  s e n s a t io n  o f  warmth was e x p e r ie n c e d  i n  

W in te r a t  a  C .P . o f  6 .6  end  i n  Summer a t  a  C .P . o f  6 .4 ,  Hence th e  

s e n s a t io n  o f  warmth i s  n o t  d i r e c t l y  p r o p o r t io n a l  to  th e  C .P . b u t 

v a r i e s  w ith  th e  se a so n . A c c l im a t is a t io n  i s  a l s o  a  v e ry  im p o rta n t 

f a c t o r .  I n  s p i t e  o f  th e s e  a n o m a lie s , th e  k a ta th e rm o m ete r  h a s  been  

u se d  e x te n s iv e ly  i n  t e s t i n g  a tm o sp h e ric  c o n d i t io n s  i n  in d u s t r y ;  a s  a
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m ethod f o r  th e  com parison  o f  m ethods o f  h e a t in g  and  v e n t i l a t i o n  

(by B ed fo rd  and  Angus p r i n c i p a l l y ) ;  i n  v e n t i l a t i o n  t e s t s  on Doard 

o f  l i n e r s  (A ngus) ;  and  i n  c in em as , t h e a t r e s  and  o th e r  p la c e s  o f  

p u b l ic  am usem ent.

In  u s in g  th e  C .P . a s  a  s ta n d a rd  f o r  a tm o sp h e ric  c o n d i t io n s  

i n  i n d u s t r y ,  L eonard  H i l l  s u ^ e s t s  t h a t  a

P ry  C .P . o f  6 and a  Wet C .P . o f  18 i s  s u i t a b l e  f o r  s e d e n ta ry  w o rk e rs ,

" " 8 " " " 25 " ” " l i ^ t  m anual w ork.

It II 1 0  tf II II 30 " " " heavy  ” " .

The c o o l in g  power s ta n d a r d ,  how ever, i s  o n ly  u s e d  i n  E ngland

and  h e r  C o lo n ie s  ( e s p e c ia l ly  i n  S ou th  A f r i c a ) . I n  A m erica a  d i f f e r e n t

s ta n d a r d ,  th e  " e f f e c t i v e  te m p e ra tu re "  (E .T .)  h a s  been r e s o r t e d  t o .

Two cham bers a r e iu s e d  w ith  d i f f e r e n t  co m b in a tio n s  o f  to n p e r a tu r e ,  a i r  

movement and  h u m id ity . One i s  k e p t c o n s ta n t  a t  a  g iv e n  E .T . and th e  

o th e r  a d ju s te d  u n t i l  t h e  s u b je c t ,  who s te p s  from  one cham ber to  th e  

o th e r ,  e x p e r ie n c e s  th e  same d e g re e  Of co m fo rt o r  d is c o m fo r t .  From 

c h a r t s  i t  i s  p o s s io le  to  c o n v e r t any co m b in a tio n  o f  th e s e  t h r e e  

a tm o sp h e ric  f a c t o r s  in t o  an  E .T . (An a tm o sp h e ric  c o n d i t io n  h a s  e .g .  

an  E .T . o f  65 i f  i t  i s  com parab le  to  a n  a i r  te m p e ra tu re  o f  65%, 

s a tu r a t e d  w ith  m o is tu re  and  w ith  no a i r  m ovem ent.)

T h is  m ethod i s  o b v io u s ly  more a c c u r a te  th a n  th e  Ica ta th erm o - 

m e te r ,  w hich  depends on e m p ir ic a l  g ra d u a t io n s  made a t  d i f f e r e n t  t im e s  

o f  th e  day and  y e a r ,  and on v a ry in g  c lo th in g  e t c .  B ut th e  g r e a t  

d is a d v a n ta g e  to  th e  E .T . m ethod , i s  t h a t  i t  ta k e s  no acc o u n t o f
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a c c l im a t i s a t io n -  The s u b je c t  can n o t become a c c l im a t i s e d  to  e i t h e r  

s e t  o f  c o n d i t io n s  i n  th e  two cham bers and  th e r e f o r e  e x p e r ie n c e s  th e  

changes to  th e  maximum d e g re e -  I t  i s  a l s o  im p ro b ab le  t h a t  th e  E .T . 

s ta n d a rd  w i l l  e v e r  have  more th a n  a  v e ry  r e s t r i c t e d  u s e  i n  in d u s t r y ,  

s in c e  th e  d ry  and w et b u lb  te m p e ra tu re s  and  th e  a i r  v e l o c i ty  m ust a l l  

b e  ta k e n ,  w hereas i f  th e  k a ta th e rm o m ete r  i s  u s e d  o n ly  one re a d in g  

n eed  b e  ta k e n .

The a d v e rs e  e f f e c t s  o f  h ig h  te m p e ra tu re s  and  h u m id it ie s  on 

th e  e f f i c i e n c y  o f  th e  i n d u s t r i a l  w orker i s  m ost m arked when th e  work 

i s  o f  a  s tre n u o u s  p h y s ic a l  c h a r a c te r .

I n  1922 O re n se in  and I r e l a n d  made a  number o f  e x p e r im e n ta l 

o b s e rv a t io n s  on th e  r e l a t i o n  betw een a tm o sp h e ric  c o n d i t io n s  and  th e  

p ro d u c t io n  o f  f a t i g u e  i n  mine la b o u re r s  i n  th e  Band M ines. The 

fo llo w in g  t a b l e  shows th e  v a lu e s  o f  th e  C .P . and  th e  c o r re sp o n d in g  

p h y s io lo g ic a l  e f f e c t s  o b se rv e d .

C o o lin g  tow er. P h y s io lo g ic a l  e f fe c ts ..o n u n e n  _ s tr lP b M

Wet k a t a .  Dry k a t a .  to  th e  w a i s t .

5 1 .5  E x tre n e ly  o p p re s s iv e ;  p ro fu s e  sw e a tin g ; r i s e

o f  body te m p e ra tu re  and  p u ls e  r a t e  e s p e c i a l l y  

when work p e rfo rm e d . V ery sm a ll e v a p o ra tio n  

from  r e s p i r a t o r y  t r a c t .

10 3 .5  D i s t i n c t l y  o p p re s s iv e ;  body te m p e ra tu re  can  be

k e p t n e a r ly  norm al o n ly  by p ro fu s e  sw e a tin g . 

S k in  f lu s h e d  and w e t. P u ls e  r a t e  h ig h .
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■gÆQlÂIlg P.Q.W.ejL P h y s io lo g ic a l  E f f e c t s

Wet k a t a .  Dry k a t a .

15 5 .5  Dower l i m i t  f o r  c o m fo r t.

8 Q u ite  c o m fo rta b le  f o r  w ork.

25 10 Cool end  r e f r e s h in g  f o r  w ork; to o  c o ld

f o r  r e s t i n g ,  e s p e c i a l l y  a f t e r  b e in g  h e a te d .

The o u tp u t o f  work was r e g i s t e r e d  i n  f o o t - l b s  p e r  day by a  

s u i t a b l e  e rg o m e te r and  th e s e  w ork ers  found  t h a t ,  assum ing  th e  w ork ing  

e f f i c i e n c y  to  be 100% a t  a  d ry  C .P . o f  6 .0 ,  th e  fo l lo w in g  r e l a t i o n s h ip  

e x i s t s  be tw een  th e  e f f i c i e n c y  and  th e  d ry  C .P . (But i t  i s  p o s s ib le  

t h a t  th e  e f f i c i e n c y  w i l l  I n c r e a s e  w ith  C .P . u p  to  8 .0 )

Dry C .P . 1 2 3 4  5 6

W orking e f f i c i e n c y  % 50 60 70 80 90 100

S a y e rs  and  H a r r in g to n  (1925) a l s o  made e x te n s iv e  o b s e rv a tio n s  

on s u b je c t s  a t  r e s t  i n  h o t and deep m e ta l m in e s , and th e  b lo o d  p r e s s u r e ,  

p u ls e  r a t e  and  body te m p e ra tu re  o f  th e  w orker w ere ta k e n .  Tney found  

t h a t  i f  th e  s u b je c t  rem ain ed  a t  r e s t  i n  s a tu r a t e d  a i r  a t  91^F -  9 5 °? , 

t h e r e  was an  in c r e a s e  i n  body te m p e ra tu re ,  in c r e a s e d  p u ls e  r a t e ,  p ro ­

fu s e  sw e a tin g  and  a f t e r  e f f e c t s  o f  d iz z in e s s  and  w eakness, b u t th e s e  

c o n d i t io n s  w ere c o n s id e ra b ly  m i t ig a te d  by a i r  movement. But a t  9 8 °?  -

1 0 0 °? , t h e r e  was a  v e ry  m arked r i s e  i n  body te m p e ra tu re  w hich re a c h e d
Ékt pvdjÉ ■nüTe

1 0 2 °? , a  m arked r i s e  i n  p u ls e  r a t e  Ijvary ing  from  152 -  1 7 5 ), p ro fu s e  

sw e a tin g  and v e ry  e a r ly  ap p ea ran ce  o f  d iz z in e s s  and  w eakness. Eo 

b e n e f i c i a l  e f f e c t s  w ere o b ta in e d  by a i r  movement even  a t  v e l o c i t i e s
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a s  g r e a t  a s  800 f e e t  p e r  m in u te  and  i n  many c a s e s  th e  a i r  movement 

a g g ra v a te d  th e  c o n d i t io n  o f  th e  s u b je c t ,  and  i n  no c a s e  was tn e  s u b je c t  

a b le  to  rem ain  a  f u l l  h o u r u n d e r  th e s e  c o n d i t io n s .

I n  r e g a rd  to  th e  b e s t te m p e ra tu re s  f o r  w ork ing  e f f i c i e n c y ,  

V ernon co n c lu d ed  from  a  s tu d y  o f  d i f f e r e n t  o c c u p a tio n s ,  t h a t  a  tem p er­

a t u r e  o f  65°P -  69°?  i s  p ro b a b ly  th e  m ost s u i t a b l e  f o r  o rd in a ry  m achine 

w ork.

The q u e s t io n  a s  to  w hether th e  commonly e x p e r ie n c e d  d i s i n ­

c l i n a t i o n  to  p e rfo rm  m u scu la r w orx i n  a  h o t and  hum id a tm osphere  i s  

accom panied by an  a c tu a l  d im in u tio n  i n  th e  w ork ing  pow er, was s tu d ie d  

by th e  Few York S t a t e  Commission on  V e n t i l a t i o n .  They found  t h a t  

when th e  men were u rg e d  t o  work th e y  acco m p lish ed  28% l e s s  t o t a l  work 

i n  a  day i n  an  a tm o sp h ere  o f

86®? and  80% r e l a t i v e  h u m id ity  

th a n  a t  68®? and  50% " " ,

and  a l s o  th e  w o rk ers  w ere c a p a b le  o f  p e rfo rm in g  fo u r  t im e s  more work 

i n  a  te m p e ra tu re  o f  100°? w ith  a  % r e l a t i v e  h u m id ity  o f  30 , th a n  i n  

a  s a tu r a t e d  c o n d i t io n  o f  1 0 0 °? .

V ernon fo u n d  t h a t  th e  minimum a c c id e n t  r a t e  i n  b o th  men 

and  women was be tw een  6 5 °?  and  6 9 °? . Above 6 9 ° ? , th e  a c c id e n t  r a t e  

in c r e a s e s  s lo w ly  i n  women, (p ro b a b ly  b eca u se  th e  work i s  l e s s  s e v e re  

th a n  th e  men} b u t  in c r e a s e s  r a p id l y  w ith  men and  a t  79°?  i s  59% 

g r e a t e r  th a n  a t  6 5 °?  -  6 9 °? . T here  i s  a l s o  an  in c re a s e d  a c c id e n t  

r a t e  a t  low  te m p e ra tu re s ;  a t  50° -  5 4 ° ? , i t  i s  35% h ig h e r  th a n  a t  

65®? -  69®?.
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Reed h a s  shown t h a t  a  m o d era te  in c r e a s e  Of te m p e ra tu re  

(w ith in  p h y s io lo g ic a l  l i m i t s )  w ould augm ent th e  a c t i o n  o f  d ru g s , 

w h e th er h a rm fu l o r  n o t .  Thus a t  h ig h  te m p e ra tu re s  and  h u m id i t i e s ,  

t h e r e  w ould "be a  more r a p id  co m b in a tio n  o f  CO w ith  Hb th a n  a t  

norm al te m p e ra tu re s  and  h u m id i t i e s ,  w ith L th e  same c o n c e n tr a t io n  o f  

CO. A lso , h e a t  and  h u m id ity  p roduce  a  g r e a t e r  s u s c e p t i b i l i t y  to  

Pb p o is o n in g ,  b eca u se  th e  Pb powder i s  a b so rb e d  on th e  s u r fa c e  o f  

th e  w et body . (T here i s  a l s o  o f te n  no c l o th in g . )

The r e l a t i o n  o f  se x  to  s u s c e p t i b i l i t y  to  abnorm al atm os­

p h e r ic  c o n d i t io n s  seems n o t to  have b een  g iv e n  much c o n s id e r a t io n  

a l th o u g h  s ta te m e n ts  a r e  f r e q u e n t ly  made t h a t  women r e a c t  more 

r e a d i ly  th a n  men to  v a r i a t i o n s  i n  te m p e ra tu re ,  a i r  movement and 

h u m id ity .

T hus, a l th o u g h  a  c o n s id e ra b le  amount o f  work h a s  b een  done 

i n  c o n n e c tio n  w ith  th e  e f f e c t s  o f  abnorm al a tm o sp h e ric  c o n d i t io n s  on

th e  i n d u s t r i a l  w o rk e r, m ost o f  th e  work i s  q u a l i t a t iv e -  i n  n a tu r e  and

h a s  a l l  been  done on m ale s u b je c t s .  C o n seq u en tly , th e  p r e s e n t  i n ­

v e s t i g a t i o n  was c a r r i e d  o u t i n  o rd e r  t o  o b ta in  more q u a n t i t a t i v e  d a ta  

i n  t h i s  c o n n e c tio n . A lso , a l l  t h e  s u b je c t s  w ere women.
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M l  th e  fo llo w in g  ex p erim en ts  w ere c a r r i e d  o u t i n  th e  a i r -  

c o n d i t io n in g  h u t a t  th e  Home O ff ic e  I n d u s t r i a l  Itisetun, w hich can  he 

a d ju s te d  to  p r a c t i c a l l y  any a tm o sp h e ric  c o n d i t io n .  T h is  c o n s i s t s  

Of a  c e n t r a l  c o r r id o r  open a t  b o th  ends and  s e p a ra te d  on e i t h e r  s id e  

by a  m e ta l p a r t i t i o n  from  an  o u te r  c o r r id o r  w hich ex ten d s  r i g h t  round 

th e  in n e r  p a r t .  The w a lls  o f  th e  c e n t r a l  c o r r id o r  a r e  p ro v id e d  w ith  

fo u r  r a d ia n t  h e a t  p a n e ls  o f  d i f f e r e n t  i n t e n s i t i e s  and eac h  s id e  c o r ­

r i d o r  h a s  two co n v ec ted  h e a t in g  p a n e l s .  E ea r one end o f  th e  c e n t r a l  

c o r r id o r  i s  a  l a r g e  e l e c t r i c  f a n  s c re e n e d  by a  w ire  meshwork on th e  

o u ts id e  and by a  m e ta l p e r f o r a t e d  s c re e n  i n  f r o n t ,  composed o f  s e p a r ­

a t e  m e ta l p a r t i t i o n s  r i v e t e d  to g e th e r  so t h a t  th e  a i r  c u r r e n t s  s e t  up  

a r e  u n i d i r e c t i o n a l  and p a r a l l e l .  The a i r  can  th u s  be  c i r c u l a t e d  

down th e  c e n t r a l  c o r r id o r  and  back  by th e  o u te r  c o r r id o r s  and  hence 

r e c i r c u l a t e d .  The a i r  can  a l s o  be a r t i f i c i a l l y  h u m id if ie d  by steam  

o r  w a te r  j e t s .

I n  a l l  th e  ex p e rim e n ts  q u o te d , co n v e c te d  h e a t  a lo n e  was 

u s e d ,  th e  r a d ia n t  h e a t in g  p a n e ls  o n ly  b e in g  u s e d  to  warm up  th e  h u t 

p r i o r  to  any ex p erim en t and  w ere a lw ays tu rn e d  o f f  some tim e  b e fo re  

th e  commencement o f  th e  e x p e rim e n t.

When h ig h ,  s t i l l  te m p e ra tu re s  w ere r e q u i r e d ,  i t  was found  

n e c e s s a ry  t o  keep  th e  co n v e c te d  h e a t in g  p a n e ls  on th e  w hole t im e , 

and s in c e  th e s e  c o u ld  o n ly  be u se d  i n  c o n ju n c t io n  w ith  th e  f a n , th e  

s u b je c t  h ad  to  be  su rro u n d ed  by s c r e e n s ,  w hich  p ro v ed  to  s h i e l d  h e r  

v e ry  e f f e c t i v e l y  from  any a i r  movement.



(8)
i

The fo llo w in g  p h y s ic a l  m easurem ents w ere made;

! •  B ulb  T em peratu re  g by means o f  a  s l i n g  p sy c h ro m e te r .

2 . %J R e la tiv e  H um idity  Dy means o f  a  r e c o rd in g  h y g ro m e te r .

IV/hen h ig h ,  s t i l l  te m p e ra tu re s ,  and  c o n se q u e n tly  a  s c re e n  to  s h i e l d  th e  

s u b je c t ,  w ere em ployed, th e  % R e la t iv e  H um id ity  was c a l c u la te d  from  th e  

w et and  d ry  b u lb  te m p e ra tu re s  v ia " ,th e  dew p o i n t . )

3 . A ir  Ilovement by means o f  a  vane anem om eter. The a i r  v e lo c i ty  

was a d ju s te d  from  100 to  400 f e e t  p e r  m in u te . An a i r  v e l o c i ty  o f  2 Ou 

fe@t p e r  m in u te  was th e  h ig h e s t  to  b e  u s e d  i n  th e  l a t e r  e x p e r im e n ts , a  

h ig h e r  v a lu e  b e in g  c o n s id e re d  in co m p arab le  to  any in d o o r  a tm o sp h e ric  

c o n d i t io n .

4 . CoolinfT Power (C .P .) Tne d ry  c o o lin g  pow er, and  i n  some c a s e s  

th e  w et c o o l in g  pov/er, i n  a d d i t io n ,  was d e te rm in e d . A s e l f - r e c o r d i n g  

k a ta th e rm o m e te r  ( S c h u s te r 's  m o d if ic a t io n )  was em ployed. In  t h i s  a p ­

p a r a t u s ,  c u r r e n t  i s  p a s s e d  th ro u g h  th e  h e a t in g  c o i l  i n  t h e  b u lb  u n t i l  a  

te m p e ra tu re  o f  100°F i s  re a c h e d . I t  i s  th e n  sw itc h e d  o f f  a u to m a tic ­

a l l y  and th e  te m p e ra tu re  o f  th e  b u lb  f a l l s  a t  a  r a t e  d epend ing  on th e  

C .P . o f  th e  a i r ,  to  95®?. The c u r r e n t  i s  th e n  sw itc h e d  on a u to m a tic ­

a l l y  and  th e  te m p e ra tu re  a g a in  r i s e s  to  1 0 0 °? , and  so th e  c y c le  o f  

o p e ra t io n s  r e p e a te d .  A r e c o rd in g  in s tru m e n t i s  in c lu d e d ,  i n  w hich a  

l e v e r  t r a c e s  a n  a rc  on a  r o l l  o f  p a p e r  f o r  each  c o o l in g  p e r io d  o f  th e  

k a ta th e rm o m e te r . The le n g th  o f  th e s e  l i n e s  i s  n o t i n  s im p le  p ro p o r­

t i o n  t o ,  b u t  v a r i e s  w ith  th e  c o o l in g  t im e . The in s tru m e n t i s  c a l i b ­

r a t e d  and a  c h a r t  d e v is e d , show ing th e  r e l a t i o n s h i p  betw een  th e  

le n g th  o f  th e  l i n e s  and  th e  c o o l in g  pow er o f  th e  a tm o sp h ere , so t h a t
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by  com paring  th e  r e c o rd  o b ta in e d  i n  any one ex p erim en t w ith  th e  c h a r t ,  

t h e  a v e ra g e  c o o lin g  power o v e r  t h a t  e x p e r im e n ta l p e r io d  can  be o b ta in e d .

T h is  k a ta th e rm o m e te r  does n o t r e g i s t e r  c o o l in g  pow ers below  3 .0  

and  h ence  a t  th e s e  lôw  c o o l in g  pow ers th e  o rd in a ry  a lc o h o l  k a ta th e rm o ­

m e te r  o f  L eonard  H i l l  was em ployed. At a i r  te m p e ra tu re s  o f  9 0 °? , th e  

g r e a t  le n g th  Of tim e  ta k e n  by t h i s  in s tru m e n t i n  c o o l in g  from  100°? to  

95®? re n d e r s  i t  i n a c c u r a te ,  and  hence a t  t h i s  te m p e ra tu re  th e  'h ig h  tem ­

p e r a tu r e  k a t a '  was a l s o  em ployed. T h is  c o o ls  from  130°?  to  12 5 °? .

The c o o lin g  pow ers o b ta in e d  w ith  th e  two in s tru m e n ts  a r e  n o t ,  how ever, 

com p arab le .

The c o o l in g  power e x e r tè d  by th e  a i r  on  th e  k a t a  i s  e s t im a te d  

a t  w hat i s  a p p ro x im a te ly  th e  mean body te m p e ra tu re  (100°?  -  95??) and 

i t  i s  som etim es supposed  t h a t  i t s  r e a d in g s  can  b e  a p p l ie d  d i r e c t l y  

t o  th e  c o o l in g  a c t io n  w hich th e  a i r  e x e r t s  on th e  human body . But 

t h i s  d i r e c t  com parison  can n o t h o ld  f o r  s e v e r a l  r e a s o n s .  The k a t a ,  by 

r e a s o n  o f  i t s  sm a ll b u lk ,  ex p o ses  a  r e l a t i v e l y  much l a r g e r  s u r f a c e  to  

t h e  a i r  th a n  th e  human body; i t  exposes a n  u n co v e re d  s u r f a c e ,  la h i l s t  

m ost p o r t io n s  o f  th e  human body a r e  u s u a l ly  co v e re d  w ith  c lo th in g ,  

w hich  ca u se s  i t  to  r e a c t  d i f f e r e n t l y  to  a tm o sp h e ric  c o n d i t io n s  a t  d i f ­

f e r e n t  tim e s  and s e a s o n s . U nder a  few  c o n d i t io n s  o n ly  may th e  r a t e  

o f  c o o l in g  o f  th e  k a ta th e rm o m e te r  betw een  100°? and 9 5 °?  be ta k e n  a s  

an  in d e x  o f  th e  c o o l in g  o f  th e  body i t s e l f .  The r a t e  o f  c o o l in g  o f  

t h e  naked  body when th e  s k in  i s  c o v e re d  w ith  m o is tu re  i s  d i r e c t l y  com­

p a r a b le  w ith  t h e  w et k a ta th e rm o m e te r , and  when th e  S k in  i s  d ry  th e
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th e  r a t e  o f  c o o l in g  i s  to  some e x te n t  com parab le  to  th e  d ry  k a t a ,  b u t 

n o t w ho lly  s o ,  a s  th e r e  i s  alv/ays a  c o n s id e ra b le  l o s s  o f  h e a t  a t  th e  

body s u r f a c e  from  in s e n s ib l e  p e r s p i r a t i o n .  But when th e  body i s  

c lo th e d ,  i t  i s  p r a c t i c a l l y  im p o ss ib le  to  o b ta in  c lo s e ly  com parab le 

c o n d i t io n s  o f  c o o l in g  i n  th e  k a ta th e rm o m e te r . In  s p i t e  o f  t h i s ,  th e  

d ry  k a ta th e rm o m ete r  re a d in g s  a r e  o f  e x t ro n e  im p o rtan ce  and form  a  

f a i r  in d e x  o f  com fo rt f o r  o rd in a ry  a tm o sp h e ric  c o n d i t io n s .

G rea t d i f f i c u l t i e s  a r i s e  i n  u s in g  th e  c o o l in g  power a s  a  

s ta n d a rd  f o r  th e  com parison  o f  a tm o sp h e ric  c o n d i t io n s .  The k a t a ­

therm om eter te n d s  to  o v e re s t im a te  a i r  movement and to  u n d e re s t im a te  

h u m id ity . The d ry  k a t a  c o o l in g  pow er i s  i n  f a c t  p r a c t i c a l l y  u n a l ­

t e r e d  by in c r e a s e d  h u m id ity , and  a c c o rd in g  to  L eonard  H i l l  i s  e n t i r e l y  

u n in f lu e n c e d .  T hus, i n  a t te m p t in g  to  p l o t  v a r io u s  p h y s io lo g ic a l  f a c ­

t o r s  a g a in s t  c o o l in g  p o w ers , i t  i s  o b v io u s  t l i a t  many d is c r e p a n c ie s  

w i l l  a p p e a r .  As w i l l  be seen  i n  some o f  th e  fo llo w in g  g rap h s  th e s e  

d is c r e p a n c ie s  a r e  p a r t i c u l a r l y  em phasized  a t  h ig h  h u m id i t i e s .  The 

c o o lin g  power d o e s , i n  f a c t ,  a f f o r a  a  much b e t t e r  q u a l i t a t i v e  th a n  

q u a n t i t a t i v e  in d e x  o f  p h y s io lo g ic a l  r e a c t io n s ,  b u t u n f o r tu n a te ly  

th e r e  i s  no o th e r  s in g le  f a c t o r  w hich i s  even  a s  good a s  t h i s .

The th r e e  s u b je c t s  u se d  i n  th e  fo l lo w in g  ex p erim en ts  w ere 

a l l  fem a les  v a ry in g  i n  age from  18 to  23 y e a r s .

The d u r a t io n  o f  each  ex p erim en t a t  any one g iv e n  a tm o sp h e ric  

c o n d i t io n  was 2 h o u rs .  D u rin g  t h i s  tim e  4 b lo o d  sam ples w ere ta k e n  

a t  i n t e r v a l s  o f  30 m in u te s , and  3 sam ples o f  e x p ire d  a i r ,  th e  s u o je c t
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b r e a th in g  in to  a  D ouglas bag  f o r  15 m in u te  p e r io d s ,  d u r in g  w hich  tim e  

th e  r e s p i r a t i o n  r a t e  and p u ls e  r a t e  w ere a l s o  ta k e n .  The b lood  

p r e s s u r e ,  m outh te m p e ra tu re  and s k in  te m p e ra tu re  were ta k e n  a t  40 

m in u te  i n t e r v a l s  and  a l s o  th e  m e n ta l e f f i c i e n c y  t e s t e d  f o r  5 m in u te  

p e r io d s  a t  th e  same tim e  i n t e r v a l s .

Soon a f t e r  th e  s u b je c t  a r r iv e d  a t  th e  h u t  i n  th e  m orn ing  a  

norm al b lo o d  sam ple was ta k e n  and th e  norm al m e n ta l e f f i c i e n c y  on 

t h a t  day t e s t e d  a s  w i l l  be d e s c r ib e d  l a t e r .

The p ro fo u n d  in f lu e n c e  o f  c lo th in g  on  th e  p h y s io lo g ic a l  

re sp o n se s  o f  a  s u b je c t  to  any a i r  c o n d i t io n  h a s  lo n g  been re c o g n is e d  

and  h en ce  i n  o rd e r  to  e l im in a te  t h i s  c lo th in g  f a c t o r  a s  f a r  a s  p o s ­

s i b l e ,  a  s ta n d a rd  u n ifo rm  was worn by  a l l  t h e  s u b je c t s .  T h is  con­

s i s t e d  o f  a  navy b lu e ,  w o o lle n  s to c k i n e t t e  pyjam a s u i t .

The d i e t  o f  th e  s u b je c t  was a l s o  p a r t l y  c o n t r o l l e d ,  no 

b r e a k f a s t  b e in g  ta k e n  a p a r t  from  a  d r in k  and  th e  s u b je c t  n e i t h e r  a t e  

n o r  d ran k  d u r in g  th e  w hole p e r io d  o f  th e  d a y 's  e x p e r im e n ts .

A norm al sam ple o f  u r in e  was c o l l e c t e d  im m ed ia te ly  b e fo re  

th e  ex p erim en t b egan  and a l s o  o v e r  each  two h o u r e x p e r im e n ta l p e r io d .

B lood  co u n ts  w ere a l s o  made on s u b je c t  A, b u t  th e  sm a ll 

v a r i a t i o n s  n o t ic e d  i n  th e s e  d id  n o t w a rra n t c o n t in u in g  e s t im a t io n s

w ith  s u b je c t  B.

S u b je c t C, who d id  m u sc u la r  and  m e n ta l work o n ly ,  d id  n o t 

conform  to  th e  above c o n d i t io n s  a p a r t  from  w ea rin g  th e  s ta n d a rd  

u n ifo rm .
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PULSE RATE

The p u ls e  r a t e  was ta k e n  o v e r  5 m in u te  p e r io d s  every  40 

m in u te s , w h ile  th e  s u b je c t  was b r e a th in g  in to  th e  D ouglas bag, and 

th e  a v e ra g e  v a lu e  ta k e n . The p u ls e  r a t e  was p l o t t e d  a g a in s t  th e  

c o o l in g  pow er.

The r e s u l t s  o b ta in e d  w ith  s u b je c t  A showed t h a t :

1 .  The p u ls e  r a t e  (P .R . ) i s  a p p ro x im a te ly  in v e r s e ly  p r o p o r t io n a l

to  th e  c o o l in g  power (C .P * ), in c r e a s e d  C .P . p ro d u c in g  a  

d e c re a se  i n  th e  P .R . , and  d e c re a se d  C .P . an  in c r e a s e  i n  

th e  P .R .

2 . A ir  movement p ro d u ces  a  d e c re a se  i n  th e  P .R . e x c e p t a t  v e ry  h i ^

a i r  te m p e ra tu re s  (90® ?), when t h e r e  was p r a c t i c a l l y  no d i f ­

f e r e n c e ,  o r  i f  a n y th in g  a  s l i g h t  in c r e a s e .

3 . I n c r e a s in g  th e  h u m id ity  has no n o t i c e a b le  e f f e c t  on  th e  P .R .

The r e s u l t s  w ith  s u b je c t  D w ere s l i g h t l y  d i f f e r e n t  and 

shoY/ed t h a t  :

1 . T here  i s  no d i r e c t  r e l a t i o n  betw een  C .P . and  P .R .

2 . The P .R . increases Ydth increasing air temperature and there

i s  a ls o  a  v e ry  s l i g h t  in c r e a s e  a t  v e ry  h ig h c c o o lin g  powers 

( i . e .  a t  a  C .P . o f  1 6 .5 )

3 . At and  below 70®?, the P .R . i s  decreased by a i r  movement, but

a t  and  above 75®? a i r  movement h a s  no in f lu e n c e  on th e  

P .R . and a t  90®? and  100% s a t u r a t i o n  even  in c r e a s e s  th e



S u b je c t A

D ate A ir  C o n d itio n

(VR

IHJMacrc fER

C o o lin g
Power

E e s p i r -  P u ls e  
a t i o n  R ate  
R ate

B lood P re s s u re  

S y s to l i c  D ia s to l i c P u ls e

ÎÎ0V.1Ô 50 0 8 .0 12-13 63 106 73

60 0 6 .2 13 68 104 72 32

E0Y .I1 60 100 8 .3 12 67 109 67 42

Eoy.1 9 60 200 10 .0 12 6 3—64 110 69 4 l

E ov.12 70 0 4 .2 14-15 68 103 70 33

EoY#19 70 200 8 .3 13-14 66-67 103 70

E ov.30 75 0 3 .0 14 74 98 65 33

75 100 5 .5 13-14 69 100 67 33

J a n . 11 75 200 6 .9 12-13 69 107 68 39

80 0 2 .6 14-15 75 96 68 2d

80 200 5 .2 14 72-73 99 68 31

Eov;26 80 400 8 .5 13-14 69-70 103 70 33

Eovl5 60 100 0 1 .8 16-17 76 94 62 32

D ec .10 80 78 0 2 .6 13 73 97 63

60 63 200 6 .0 15 69 102 65 37

Dec. 2 90 0 1 .1 14-15 77 94 61 33

90 100 1 .6 14 60 98 63 36

Eov.26 90 200 2 .0 14-15 79 100 66 %*4
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r a t e .  T h ie  l a t t e r  r e s u l t  c o in c id e d  w ith  th e  s u b je c t iv e  

s e n s a t io n s .  S u b je c t B fo u n d  t h a t  w ind u n d e r  such  con­

d i t i o n s  in c re a s e d  r a t h e r  th a n  d e c re a se d  th e  d is c o m fo r t 

e x p e r ie n c e d .

4 . The P .E . i s  a f f e c t e d  by h u m id ity , in c r e a s e d  h u m id ity  in c r e a s ­

in g  th e  P .E .

The v a r i a t i o n s  i n  th e  p u ls e  r a t e ,  a s  w e l l  a s  i n  m ost o f  

th e  o th e r  p h y s io lo g ic a l  r e a c t io n s  i n v e s t i g a t e d ,  w ere found  to  oe con­

n e c te d  v e ry  c lo s e ly  w ith  th e  s u b je c t iv e  s e n s a t io n s  e x p e r ie n c e d . Sub­

j e c t  A, who was n o t in c a p a c i t a t e d  e i t h e r  by h ig h  te m p e ra tu re s  o r  

h u m id i t i e s ,  o n ly  showed a  ran g e  o f  P .E . from  63 to  80 , w hereas sub ­

j e c t  B , who was v e ry  s u s c e p t ib le  to  b o th  in c r e a s e d  a i r  te m p e ra tu re s  

and  p a r t i c u l a r l y  to  in c re a s e d  h u m id ity , showed a  much w id e r ran g e  o f  

from  65 to  108.

D is re g a rd in g ,  how ever, th e  r e s u l t s  o b ta in e d  w ith  s u b je c t  B 

a t  h ig h  h u m id i t i e s ,  th e  r e s u l t s  w ith  b o th  do show t h a t  th e  P .E . i s  

a p p ro x im a te ly  p r o p o r t io n a l  to  th e  d ry  k a ta  c o o l in g  pow er.



S u b je c t B

D ate A ir  C o n d itio n
A ir

P e rc e n ta g e  v e l o c i ty  
r e l a t i v e  i n  f e e t  
hum id ity .. n e r  m in.

C oo ling  
Pow er.

E e s p ir
a t i o n
B a te ,

-  P o is e  
B a te .

B lood P re s s u re  

S y s to l i c  D ia s to l ic P u lse

J a n ,25 50 Cl 0 7 .7 9-10 68 113 70 43

50 100 12.7 8-9 68 , 117 75 42

F e b .15 50 51 200 16 .5 9 .1 0 74 119 75. 44

F e b . l 60 5i 0 6 .5 10 67 -6 8 110 68 42

F e b .15 60 Sc. 100 6 .4 10 68 110 68 42

F e b . l 60 SI 200 1 1 .2 8 -9 65 115 72 43

F e b .23 60 ICO 0 5 .9 13 72 102 68 34

Feb. 4 70 to* 0 4 .7 10-11 77 105 66 42

70 200 9 .4 9 74-75 115 72 43

Feb. 8 75 0 3 .4 11 72 107 63 44

75 % 200 7 .0 10 72 111 .66 43

F e b ,11 75 100 0 3 .2 14 63 102 64 48

75 ICQ 200 5 .9 11-12 62 110 . 66 44

F eb .25 90 us 0 1 .3 42 98 94 60 34

90 2s 200 2 .7  24
(crtK'CNe-rrotier

92 116 70 46

F a r . 14 90 100 0 1 .0 44 98 115 62 O-J

90 100 200 1 .9 24 106 96 62 36
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BLOOD PEaSSUES

The iDlood p r e s s u r e  (Loth, s y s t o l i c  and  d i a s t o l i c )  was 

d e te rm in e d  by th e  a u s c u l t a to r y  m ethod ev e ry  40 m in u te s .

The r e s u l t s  o b ta in e d  w ith  s u b je c t  A showed t h a t :

1 . The b lo o d  p r e s s u r e  (B .P .I  i s  n o t g r e a t l y  a f f e c t e d  by v a r i a t i o n s

i n  th e  a i r  c o n d i t io n s .  The s y s t o l i c  B .P . o n ly  in c re a s e d  

from  94 to  109 o v er a  c o o l in g  power ran g e  o f  1 to  1 1 .0 .

2 . H igh te m p e ra tu re s  d e c re a se  th e  B .P . p ro b a b ly  c h i e f ly  b eca u se  o f

d i l a t a t i o n  o f  th e  cu tan eo u s  v e s s e l s ,  and  low  tem ps, in c r e a s e  

i t  b eca u se  o f  v a s o c o n s t r ic t io n  o f  th e  sk in , v e s s e ls  and a l s o  

a s  h as  b een  shown by B a rc ro f t^  b ecau se  o f  a  in c re a s e  i n  th e  

m in u te  volume and  s y s t o l i c  o u tp u t o f  th e  h e a r t .

3 . A ir  movement p ro d u ces  a  s l i g h t  in c r e a s e  i n  b o th  s y s t o l i c  and

d i a s t o l i c  b lo o d  p r e s s u r e s .

4 . The d i a s t o l i c  B .P . fo llo w s  th e  s y s t o l i c  B .P . so t h a t  th e  p u ls e

p r e s s u r e  i s  a p p ro x im a te ly  c o n s ta n t .  A ir  movement te n d s  to  

p ro d u ce  a  s l i g h t  in c r e a s e  i n  th e  p u ls e  p r e s s u r e .

5 .  I n c r e a s e d  h u m id ity  p ro d u ces  no n o t ic e a b le  e f f e c t  on th e  B .P .

I n  th e  c a se  o f  s u b je c t  B i t  was shown t h a t :

1 . The s y s t o l i c  arid d i a s t o l i c  B .P . a r e  ro u g h ly  p r o p o r t io n a l  to  th e

C .P . (e x c lu d in g  a i r  c o n d i t io n s  w ith  h ig h  h u m id i t i e s ) ,  b o th  

in c r e a s in g  w ith  a n  in c r e a s e  i n  th e  d ry  k a ta  C .P .

2 . The p u ls e  p r e s s u r e  i s  ap p ro x im a te ly  c o n s ta n t .

3. I n c r e a s e d  h u m id ity  p ro d u ces  a  f a l l  o f  B .P . e x c e p t a t  h ig h  tem­

p e r a tu r e s  (90®F). B u t a l l  th e  v a lu e s  o f  th e  B .P . a t  90^F 

seem t o  be  d is c r e p a n t  and can  o n ly  be  a s s ig n e d  to  th e  

in d iv id u a l  id io s y n c r a c ie s  o f  th e  s u b je c t .
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BLOOD COmiTS

B lood co u n t a w ere made i n  th e  c a s e  o f  a h b je c t  A on  th e  

h lo o d  sam ple rem oved a t  th e  end o f  th e  2 h o n r e x p e r im e n ta l p e r io d .  

B o th  e r y th r o c y te s  and  le u c o c y te s  w ere c o u n te d  h u t no d i f f e r e n t i a l  

c o u n ts  w ere u n d e r ta k e n . T here  seems to  he some in d i c a t i o n  t h a t  a  

s l i g h t  d e c re a s e  i n  th e  number o f  le u c o c y te s  p e r  u n i t  volum e o c c u rs  

a t  h o th  h ig h  te m p e ra tu re s  and  h u m id i t i e s .  The e r y th r o c y te s  d id  

n o t  a l t e r  o b v io u s ly . I t  i s  p ro b a b le  t h a t  a  2 h o u r ex p o su re  to  any 

a tm o sp h e ric  c o n d i t io n  i s  n o t n e a r ly  lo n g  enough to  he  a b le  to  p ro ­

duce any n o t i c e a b le  h i s t o l o g i c a l  e f f e c t  on  th e  b lo o d .

These c o u n ts  w ere n o t c o n tin u e d  w ith  s u b je c t  B.

BLOOD SUGAR

A norm al b lo o d  sam ple was ta& en soon  a f t e r  th e  s u b je c t  

a r r i v e d  a t  th e  h u t  i n  th e  m orning  and  fo u r  o th e r s  a t  h a l f  h o u r ly  

i n t e r v a l s  d u r in g  th e  2 h o u r e x p e rim e n ta l p e r io d ,  th e  f i r s t  sam ple 

b e in g  ta k e n  a t  th e  end o f  th e  f i r s t  h a l f  h o u r .  A ll  th e  sam ples 

w ere p la c e d  on i c e  im m ed ia te ly  and th e  b lood  su g a r  e s t im a t io n s  done 

on  th e  same day .

The su g a r  was e s t im a te d  by th e  m ethod o f  H agedom  and 

J e n s e n ,  u s in g  0 .1  c c .  o f  b lo o d  f o r  each  e s t im a t io n .  Each e s t im ­

a t i o n  was done i n  t r i p l i c a t e .  The r e s u l t s  o b ta in e d  show t h a t ;

1 . The b lo o d  s u g a r  h a s  a  minimum v a lu e  a t  some a i r  c o n d i t io n  ( in  

th e  c a s e  o f  s u b je c t  A a t  a  C .P . o f  3 .4 ,  w hich i s  e q u iv a le n t  

to  an  a tm o sp h ere  o f  75®P s t i l l .  I n  th e  c a se  o f  B t h i s



Sub jec t A

BLOOD SUGAES

Date A ir C ondition  Cooling
PSpcerrnft&e (Vife P0W6r 
RRWmoe VB-ocjrt

roi r\iN'

Normal
Blood
Sugar

%  Glucose per loo  cc Blood 

30 60 90 120

Nov.16 50 0 8 .0 89 99(410) 93 (+4) 91(42) 90 (4 l)

O c t .26 60

J a n . 11 60

N ov.19 60

0 6 .5

100 8 .3

200 10 .0

100 9 8 ( '2 )  lO K + l)  9 8 (-2 ) 9 9 (“ l)

101 98(-3> 100(-1* 1 0 0 ( - l l  98 ( '“S)

100 108( t 8) 103(4-3) 102(42) 9 9 ( - l )

N ov.12 70 4 .2  104 9 5 (-9 )  9 3 ( - l l )  91 (-13) 98(-(p )

N ov.19 70 200 7 .8 91 100(49) 97 (46) 146 • 139  ̂ Ojiscroe

Nov.26 75 8 3 .3 110 1101±0) 105 (-5 ) 100 (-10) 107 ( - i )

75 100 5 .2 110 108 (-2 ) 108 (-2 ) 107 (- 3) 104 P O

J a n . l l 75 200 6 .9 101 98 (-3 ) 101 (40) 106 (45) 103 ( 4  3l)

Nov.9 BO 0

Nov.24 80 200

^  Nov. 26 80 400

N ov.5 60 100 0

DN IN MILL N ov.10 80 78 0

M WIUUVIENTUĴ  80 63 200

2 .5

5 .0

8 .5  

1 .8

2 .6

6 .0

98

100

102

105

107

107

65 (-13)67  ( - 1 .)  100(42) 96 

9 5 (-5 )  9 4 (-6 )  91 (-9 ) 1 0 l(4 ()

99 (-3 ) 100 (-2 ) 99 (-3 ) 99 ( - s )

99 (-6 ) 991-6) 101 (-4 ) 102 ( - 3 )

9 9 (-8 ) 9 K - I 6 )  9 0 (-1 7 ) 90 ( - q )

93(~l^i)95 ( - 1 2 )  99 ( - 8 )  1 0 4  ( - ^

D ec.2 90

90

Nov.26 90

0 1.97 105 100 (-5 ) 110 (45) 111(46)

100 1 .6 105 109 (44) 109(44) 109(44)

200 2 .0 102 95 (-7 ) 831-19) 86(-161 IV ( - s )
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minimum v a lu e  m g  a t  a  C .P . o f  2 .5  -  4 .2 ,  ( i . e .  betw een  

70®P and 80^F S t i l l . ) ,  and  in c r e a s e s  a t  both, h ig h e r  and 

lo w e r c o o l in g  p ow ers.

The in c r e a s e  i n  b lo o d  su g a r  on ex p o su re  to  c o ld  h as  

lo n g  been  r e c o g n is e d  and  i s  a t t r i b u t e d  to  an  in c re a s e d  

o u tp u t o f  a d r e n a l in e  and a  c o n se q u e n tly  in c re a s e d  

g ly c o g e n o ly s is  i n  th e  l i v e r .

F I in n  (1925) s u b je c te d  dogs to  v e ry  h ig h  te m p e ra tu re s  

an d  found  a  s im i la r  in c r e a s e  i n  th e  b lo o d  s u g a r  w hich  he  

showed c o u ld  n o t be a t t r i b u t e d  to  an  in c re a s e d  c o n c e n t r a t ­

io n  o f  th e  b lo o d  s o l i d s .  The in c re a s e d  b lo o d  su g a r  a t  

h ig h  te m p e ra tu re s  i s  p ro b a b ly  due to  an  em ergency m echanism  

w hich  m o b i l is e s  s u g a r .

2 .  At and  above th e  C .P . a t  w hich b lo o d  su g a r  i s  a t  a  minimum, a i r

movement p ro d u ces  an  in c r e a s e  i n  th e  b lo o d  s u g a r .  At 

lo w er c o o l in g  pow ers ( i . e .  a t  90°F) w ind d e c re a s e s  th e  b lo o d  

s u g a rI  t h a t  i s ,  i t  te n d s  to  r e s t o r e  i t  t o  i t s  norm al l e v e l .

3 . I n  th e  c a se  o f  s u b je c t  B , in c re a s e d  h u m id ity  in c r e a s e s  th e  b lo o d

s u g a r .  T h is  in c r e a s e  was i n  m ost c a se s  p re c e d e d  by an  

i n i t i a l  f a l l .  The r e s u l t s  o b ta in e d  w ith  s u b je c t  A seem to  

be  r a t h e r  d is c r e p a n t  i n  c o n n e c tio n  w i th  in c r e a s e d  h u m id ity .



S ub jec t B

BLOOD SUGARS

Date A ir C ondition  

•F Cm FlSKT 
MIN

Cooling
Power

Normal
Blood
Sugar

Mg Glucose p e r 100 cc Blood

30 60 90 120

J a n .25 50 (,1 0 7 .7 108 117A9) 120 (+12) 112 (+4) 113(+s)

50 55 100 12.7 108 120(412J124(-H6»X13l+5) 113(+s)

F e b .15 50 Sx 200 16 .5 115 128 (+13J1321+17B15 (+01 117 (+ i)

F e b .l 60 S3 0 6 .5 110 112(42» 112(+21 110 (iO) 113(+5)

F e b .18 60 so 0 6 .4 121 120 (-11 120 (-11 121 [iOl 1 2 2 (4 ,)

F e b .l 60 S'! 200 ;11 .2 110 122 (+121125 (+151115 (+51 112 C+a)

F e b .29 60 100 200 5 .9 118 106 1-10» 116 (-21 128 (+10) 120 ( 4a)

F e b .4 70 U5 0 4 .7 115 1021-131106 (-91 1121-3» 115 ( ± 0)

70 K.O 200 9 .4 115 100 ( -1 5 1100 (-15 » 103 (-12) 116 (4 l)

Feb. 8 75 n 0 3 .4 114 1131-1» 971-17» 109(6! D 6 ( - ^

75 2 200 7 .0 114 1051-9» lO Si-9» 114(40 , 112 (-a.)

F e b :11 75 100 0 3 .2 115 128 (+ 13)1321+17» 1151+01 u7(+ a)

75 100 200 5 .9 115 115(10» 1121-3» 1101-5» 110 C-s)

F e b .25 90 ip 0 1 .3 114 1201+6» 1281+14» 123(+9) 12l(+-]^

90 UP 200 2 .7 114 1151+11 1161+2» 115(41» 114 ( + 0̂

M ar.25 90 100 0 1.0 116 1071-9» 1291+13» 1241+8» 132 (+tfe)

90 100 200 1 .9 116 1111-5» 1181+2» 1211+51 118 C+a)
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ĈĜP , SVÙ1 ■» (Qt ^  foJ-UVtkp

O
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RSSPIRATIQIf RATE

The r e s p i r a t i o n  r a t e  wag ta k e n  w h ile  th e  s u b je c t  was b r e a th ­

in g  in to  th e  D ouglas b ag  and  hence  th o s e  o b se rv e d  a t  h ig h  te m p e ra tu re s  

w ere p ro b a b ly  h ig h e r  th a n  th o s e  t h a t  w ould o c c u r n o rm a lly .

The r e s u l t s  showed t h a t :

1 . The r e s p i r a t i o n  r a t e  (E .R .) does n o t a l t e r  v e ry  c o n s id e ra b ly  ex­

c e p t  u n d e r  v e ry  h o t  c o n d i t io n s .  W ith s u b je c t  A th e  E.R . 

o n ly  a l t e r e d  from  12 to  16 w i th in  a  ra n g e  o f  C .P . o f  1 - 1 1 .0 ,  

b u t  i n  th e  c a se  o f  s u b je c t  3  i t  r o s e  from  8 to  44 . A ll  

th e  h ig h  v a lu e s ,  how ever, w ere o b ta in e d  a t  90°F , a t  w hich 

te m p e ra tu re  th e  s u b je c t  e x p e r ie n c e d  g r e a t  d is c o m fo r t .

Low c o o l in g  pow ers p roduce  a  h ig h  R.R.

E ig h  ” " " low  R.R.

2 . H igh  te m p e ra tu re s  r e s u l t  i n  a n  in c r e a s e d  r a t e  o f  r e s p i r a t i o n  b u t

a l s o  a  d e c re a se d  d e p th , so t h a t  th e  v e n t i l a t i o n  o f  th e  lu n g s  

i s  p ro b a b ly  n o t  in c re a s e d .

3 . A ir  movement p ro d u ces  a  d e c re a se d  R.R. T h is  i s  m ost m arked i n

B , e s p e c i a l l y  a t  h ig h  te m p e ra tu re s  and  h n m id l t i e s ;  i n  f a c t  

a t  90 °F , a  w ind o f  200 f e e t  p e r  m in u te  a lm o s t h a lv e d  th e  R.R,

4 . I n c r e a s e d  h u m id ity  p ro d u ces  a n  in c re a s e d  R.R.. w ith  B b u t no

n o t i c e a b le  e f f e c t  w ith  A. Cheyne S to k e s ' b r e a th in g  wag 

n o t ic e d  w ith  s u b je c t  B a t  90°F and  100% s a t u r a t i o n ,  b u t t h i s  

o n ly  o c c u r re d  when b r e a th in g  in to  th e  D ouglas b ag . The 

d is c o m fo r t e x p e r ie n c e d  by B u n d e r  th e s e  c o n d i t io n s  i s
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i a  a c c e n tu a te d  when b r e a th in g  a g a in s t  such  a  r e s i s t a n c e .  The 

v e ry  q u ic k  and  sh a llo w  b r e a th in g  p ro b a b ly  p ro d u ces  a  l a c k  

o f  Op au p p ly  to  th e  r e s p i r a t o r y  c e n t r e .

BESPIBATOEI EXCIiAligE

B oth  0^ consum ption  and CO^ o u tp u t  in c r e a s e  a t  h ig h  and 

low  e n v iro n m e n ta l te m p e ra tu re s .  In  th e  c a s e  o f  s u b je c t  A th e  r e s p i r ­

a to r y  exchange was minimum a t  a  C .P . o f  3 .0 ,  and i n  th e  c a se  o f  B a t  a  

C .P . o f  6 .5

The r e s p i r a t o r y  ex d ian g e  i s  n o t n o t ic e a b ly  a f f e c t e d  by humidr-

i t y .

BBSPIEATOEY GDOTimTT

M arked v a r i a t i o n s  i n  th e  E.Q. w ere n o t i c e d ,  b u t  th e r e  i s  no 

r e l a t i o n  be tw een  th e  E.Q,. and  th e  C .P . o r  be tw een  th e  E.Q. and th e  

te m p e ra tu re  and  h u m id ity . The A m erican w ork ers  Me C o n n e ll and 

Y a g lo g lo u , how ever, fo u n d  t h a t  th e r e  was a  d i r e c t  r e l a t i o n  betw een  th e  

E.Q. and  th e  " e f f e c t i v e  te m p e ra tu re " ,  th e  E’.Q . in c r e a s in g  w ith  an  i n ­

c r e a s in g  E .T .

METABOLIC PATE

T hree m e ta b o lic  r a t e  d e te rm in a tio n s  w ere made f o r  each  2 

h o u r e x p e r im e n ta l p e r io d .  The s u b je c t  b r e a th e d  in to  a  b o u g la s  bag 

f o r  15 m in u te  p e r io d s  a t  40 m in u te  i n t e r v a l s .  The a v e ra g e  o f  th e



Subject A

A ir C ond ition E xpired A ir Tolume o f
e x p ir ed  a ir  
in  IS m lng.

CiM

S  COg S  Og -  %

50®F, S t i l l . 4 .121 16 .37 73.509 £ 7 .2

60°F , S t i l l . 4. O il 1 6 .6 2 73^%7 6 7 .2

60^F, 2CC fe e t /m in . 4*135 15.935 79 .93 69 .45

70% , S t i l l . 0 .556 1 6 .6 2 M .6 2 4 9 1 .5

70% , 200 f e e t /m in . 4 .202 1 6 .1 7 79.596 £5-7

7 5% , S t i l l 4.115 1 6 .4 2 73.455 7 6 .D

7 5 °? , 100 f c e t / n in - 1 6 .4 3 79 .464 £ 1 .3

60''’ f ,  S t i l l . 3 .556 1 6 .62 M .C 24 91.5.

C 0% , 200 f e e t / a i n . 4 .123 1 6 .60 7 9 .794 £ 7 .0

00% , s t i l l ,  lOO'A S a tu r a tio n . 16 .79 79.617 . 9 2 .6 3

0 0
GO F , (Dry b u lb ! ,  75 P I'i'et) 2 .5 7 4 17.19 79.236 9 0 .5

80°P ID:, 75°p 1'7), 200 f e e t / a in . 2 .693 16.33 79.771 6 ^ ^

90% , S t i l l . ^ M 7 1 6 .43 75 .633

0
90 P , 100 f e e t /m in . 4 .0 2 7 16.37 79 .603

90°P , 200 fe e t /m in . 16.36 79.312 .. 6^ ,65

W eigdt -  70.

S urface

37 k i l o s .  

Area — 1.

E elg tit — 1 54 .6  t 

79 sq,. m etres.

Tolimie o f  
ex p ir ed  a ir  
in  1 rain.
a t  Î I . ï .P .

C CO ^
m in u te .

cc  COg/
m in u te .

S .R . M etab o lic  C oolin g  
E a te . Power.

5 .5 0 4 2 7 6 .1 ^ ^ 5 0 .7 7 0 6 .0

5 .5 0 4 209 .9 0 .6 2 1 41.10 6 .1

5 .9 6 3 309 .5 2 2 5 .0 0 ,7 2 3 # ^ 7 1 1 .0

5 .666 1 7 7 .0 0 .7 3 1 3 3 .3 4 .2

5 .7 1 3 2 7 5 .7 æ ^ o 0 .7 9 6 44 .9 7 .9

4 .6 7 0 2 ^ ^ 1 7 7 .1 9 .6 0 6 3 7 .8 3 .0

2 54 .9 1 62 .7 0 .609 40 .19 5 .5

5 .0 5 2 4 2 .4 177-0 0 .7 3 1 K ^ O 2 .8

5 .1 5 2 4 ^ ^ 1 9 1 .4 0.C66 3E.93 4 .9

5 .5 1 3 2 5 9 .4 195 .9 0 .7 4 8 4 1 .2 1 1 .8

5 .3 7 5 253 .9 0 .7 6 2 3 7 .6 1 2 .7

5 .3 0 4 27 5 .0 2 0 4 .3 0 .7 4 2 43 .92 5 .8

5 ^ # 2 7 7 .0 253 .6 0 .919 4 6 .1 1 .1

5 .0 5 5 25 6 .1 2 0 1 .4 0 .7 6 0 4 1 .30 1 .6

5 ^ # 251 .9 1 9 5 .0 0 .057 41.06 2 .0
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th r e e  m e ta b o lic  r a t e s  wag ta k e n  f o r  each  a i r  c o n d i t io n .

The r e s u l t s  show t h a t ;

1 . The m e ta b o lic  r a t e  i s  a t  i t s  minimum a t  a  c e r t a i n  a i r  c o n d i t io n ;

i n  th e  cage  o f  s u b je c t  A, a t  a  c o o l in g  power o f  3 .0  (= 

s t i l l )  and  i n  th e  c a se  o f  s u b je c t  B, a t  a C .P . o f  6 .5  

(b 60® p s t i l l ) ,  and  in c r e a s e s  a t  b o th  h ig h e r  and lo w er c o o l­

in g  pow ers .

In  th e  c a se  o f  B th e  m e ta b o lic  r a t e  was found  to  a t t a i n  

a  maximum a t  a  C .P . o f  2 -7  and  th e n  to  d e c re a se  a g a in  a t  

c o o l in g  pow ers lo w er th a n  t h i s .

I n c re a s e d  m e ta b o lic  r a t e s  a t  low  te m p e ra tu re s  i s  con­

c e rn e d  w ith  in c re a s e d  m u scu la r movement in c lu d in g  s h iv e r in g ,  

in c re a s e d  o u tp u t o f  a d re n a l in e  and th y ro x in e  and  p ro b a b ly  

a l s o  w ith  v a r i a t i o n s  i n  m uscle  to n e .

In c re a s e d  m e tab o lism , p roduced  on ex p o su re  to  warm con­

d i t i o n s ,  i s  due to  a  g r e a t e r  v e lo c i ty  o f  th e  chem ica l r e ­

a c t io n s  i n  th e  t i s s u e s .  A f a l l i n g  o f f  o f  th e  m e ta b o lic  

r a t e  a t  v e ry  h ig h  t m p e r a tu r e s  s e e n  i n  B i s  p ro b a b ly  a s s o c i ­

a t e d  w ith  th e  d is c o m fo rt accom panied by a  g e n e ra l  d i s i n c l i n ­

a t i o n  f o r  m u scu la r movement e x p e r ie n c e d  a t  a te m p e ra tu re  o f  

90®F. T h is  seco n d ary  r i s e  i n  th e  m e ta b o lic  r a t e  a t  v e ry  

h ig h  te m p e ra tu re s  v/as n o t s e e n  w ith  A, b u t  A was i n  no way 

in c a p a c i ta te d  by h e a t .

2 . S u b je c t A was a b s o lu te ly  u n a f f e c te d  by in c re a s e d  h u m id ity , w h ere -

a s  i n  th e  c a se  o f  B, a t  60®? and  100% s a t u r a t i o n  an  in c r e a s e  

i n  th e  m e ta b o lic  r a t e  was p ro d u ced , and a t  75®P th e r e  was no



S u b jec t 3

A ir C ond ition Expired A ir Tolume o f  
ex p ired  a ir  
i n  l i t r e s /  
IB m lrs.

SCOg 3  Og

50% , S t i l l . ^ ^ 1 6 1 6 .2 4 79 .624 9 0 .8 3

50°F , 100 fe e t /m in . 3 .5 5 1 16 .783 79.705 1 16 .5

50 F , 200 f e e t /m in . 5 .198 17.49 79.312

60% , S t i l l . 3 .974, 16 .562 8 8 .05

60% , 200 f e e t /m in . ^ # 0 16.995 79.555 1 2 4 .2

60°F, S t i l l ,  1007= S a tu r a tio n . 3 .506 1 6 .82 79.674 1ÙC.4

7C°F, S t i l l . 3 ^ # 16 .28 79.77 8 9 .4 3

70% , 200 fe e t /m in . 3 .6 7 4 15 .17 79.95 9 6 .9

75% , S t i l l . 3 .799 l ^ æ 79.621 1 00 .9

75°P, 200 f e e t /m in . 3 .9 2 4 1 5 .9 0 80.176 6 8 .87

75% , S t i l l ,  1007= S a tu r a tio n . ^ # 5 17 .23 79.375 1 2 6 .0

75°?, ',7ind, 1007= S a tu r a tio n . 3 .326 16.78 79 .894 1 13 .5

90% , S t i l l . 3 .096 1 7 .2 4 79 .664 124 .85

90°? , 200 f e e t /m in . ^ # 4 1 6 .5 3 79.976 113 .2

90°? , S t i l l ,  1007= S a tu r a tio n . 3 .051 17.45 79.480 1C5.7

9 0°? , Wind, 1007 S a tu r a tio n . 2 .886 17 .61 79 .304 1 3 0 .1

V/eight =  7 5 .4 2  k i lo s -  H e i^ t  =  166

S u rface  Area =  1.G5 s q . m etre s .

Tolume o f  
e x p ir ed  a ir  
i n  1 min. 
a t  M.T.P.

cc  Op
r e ta in e d  
p er  m in.

c c  CO? 
p er min. E.Q.

M etab olic
E ate .

C oolin g  
Power.

5 .8 7 5 2 # ^ 0 .8 8 1 3 4 4 .9 3 7 .7

7 .5 3 4 3 2 5 .4 2 6 3 .3 0 .8085 £ 0 .7 0 1 2 .7

9 .8 5 0 345 .7 314 .6 0 .9102 5 5 .3 2 1 6 .5

5 .7 4 6 2 52 .5 2 æ ^ 0 .6 9 3 4 0 .2 1 6 .5

7 .685 313.9 2 6 5 .3 0 ^ # 49 .45 1 1 .2

6 .8 4 2 292 .8 2 # ^ 0 .8181 2E ^ 6 5 .9

5 .5 1 4 2 6 6 .4 2 1 7 .4 0 .8 2 4 4 4 1 .0 0 4 .7

5 .9 7 4 æ ^ 7 2 ^ ^ 0 .7 7 4 46 .15 9 .4

6 .1 4 1 291 .7 2 3 3 .0 0 .799 4 5 .4 0 3 .4

5 .4 0 7 2 8 3 .3 211 .9 0 .7 3 2 &%31 7 .0

7 .4 1 0 2 8 6 .7 2 5 1 .2 0 .876 # . 5 5 3 .2

6 .6 7 3 æ U 7 0.75S 44 .95 5 .9

7-547 , 292:1 233 .5 0 .799 45.18 1 .3

6 .7 9 8 2 ^ ^ 0 .749 2 .7

6 .1 6 0 2 2 2 .4 1 8 6 .3 0 ^ # 3 5 .0 4 1 .0

7 ^ ^ 2W%2 209.7 0 .9 1 2 38 .95 1 .9
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e f f e c t ,  and a t  90®E th e r e  was a  f a l l .  T h e o r e t i c a l ly ,  o f  

c o u r s e ,  one w ould ex p ec t a  f a l l  i n  th e  m e ta b o lic  r a t e  on  

ex p o su re  to  h ig h  h u m id i t i e s ,  s in c e  th e r e  i s  no l o s s  o f  

h e a t  by e v a p o ra tio n .

EKCEBTIOIT

A norm al sam ple o f  u r in e  was c o l l e c t e d  im m ed ia te ly  b e fo re  

th e  commencement o f  th e  ex p erim en t and a g a in  o v e r each  2 h o u r e x p e r i ­

m e n ta l p e r io d .  The volume and tim e  o f  c o l l e c t i o n  w ere n o te d .

The pH was d e te m in e d  c o lo r i m e t r i c a l ly  and th e  a l k a l in e  t i d e  

by L ea thes^  m ethod. 5 c c . o f  u r in e  w ere t i t r a t e d  w ith  E C l, u s in g  

m e th y l o ran g e  a s  an  i n d i c a to r .  L e t t h i s  t i t r a t i o n  be  x  c c .  A nother 

5 c c .  w ere t i t r a t e d  w ith  ^  EaOE, u s in g  p h en o l p h th a le in  a s  i n d i c a t o r .  

L e t t h i s  t i t r a t i o n  be  y  c c .

The r a t i o

Ea^EPO^ _  X
EaE^PO^ y

was d e te rm in e d  and a l s o  th e  % t i t r a t a b l e  a c i d i t y  and  a c id  o u tp u t  p e r  

h o u r .  The te rm  " a lk a l in e  t i d e "  sh o u ld  n o t be  a p p l ie d  to  sam ples o f  

u r i n e  w hich m ere ly  show a  d e c re a se d  % a c i d i t y  b u t  sh o u ld  be  r e s e rv e d  

f o r  th o s e  show ing a  d e c re a se d  a c id  o u tp u t i n  u n i t  t im e .

The c r e a t in i n e  and c h lo r id e  c o n te n t  o f  th e  u r in e  w ere a l s o  

d e te rm in e d .

The norm al u r in e  o f  th e  s u b je c t  u n d e r  norm al la b o r a to r y  

a tm o sp h e ric  c o n d i t io n s  was c o l l e c t e d  o v e r  c o rre sp o n d in g  tim e
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i n t e r v a l s .  By t h i s  means i t  should, he p o s s ib le  to  d e c id e  w h eth er 

th e  changes i n  th e  u r in e  c o u ld  be a s c r ib e d  to  a l t e r a t i o n s  i n  th e  

a tm o sp h e ric  c o n d i t io n s ,  o r  w h eth er th e y  w ere th e  norm al v a r i a t io n s  

w hich o c c u r  a t  d i f f e r e n t  tim e s  o f  th e  day u n d e r  o rd in a ry  atm os­

p h e r ic  c o n d i t io n s .

I t  was found  a lm o st im p o ss ib le  to  deduce any f a c t s  from  

th e s e  r e s u l t s .  They do , how ever, te n d  to  show t h a t  th e  volume o f  

u r in e  in c r e a s e s  w ith  d e c re a se d  a i r  te m p e ra tu re  and d e c re a se s  w ith  i n ­

c re a s e d  a i r  te m p e ra tu re ,  b u t i s  n o t a f f e c t e d  by in c re a s e d  h u m id ity . 

T hese s l i g h t  changes i n  th e  u r in a r y  volume a r e  p ro b a b ly  due to  v a r i ­

a t io n s  i n  th e  b lo o d  p r e s s u r e .

T here  seems to  be no c o n n e c tio n  betw een th e  r e a c t io n  o f  th e  

u r i n e ,  c r e a t in i n e  and  c h lo r id e  c o n te n t  and  th e  a tm o sp h e ric  c o n d i t io n .

I t  i s  p ro b a b le  t h a t  a  2 h o u r ex p o su re  to  any one g iv e n  a tm os­

p h e r ic  c o n d i t io n  i s  n o t lo n g  enough to  p ro d u ce  any m arked changes i n

th e  c o m p o sitio n  o f  th e  u r i n e .  D i f f i c u l t i e s  a l s o  a r i s e  i n  u s in g  human 

s u b je c t s  a s  i t  i s  g e n e r a l ly  im p o ss ib le  to  c o n t ro l  th e  d i e t  a b s o lu te ly  

and t h i s  seems to  be an  e s s e n t i a l  i n  a l l  u r in a r y  o b s e rv a t io n s .

IÆEETAL EEFICIEITCY

The m en ta l e f f i c i e n c y  o f  th e  s u b je c t  was t e s t e d  by th e  Wood-

w o rth  and  W ells  e f f ic ie n c y  t e s t s .  T hese in v o lv e d  ad d in g  up fo u r

s in g le  in t e g e r  f ig u r e s  a t  a  t im e , w hich were re a d  o u t to  th e  s u b je c t  

f a i r l y  r a p id ly  and a s  soon a s  an  answ er was r e c e iv e d ,  fo u r  o th e r s
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g iv e n .  The number o f  g roups o f  f ig u r e s  (each  g roup  th u s  co m p ris in g  4 

f ig u r e s )  added p e r  m in u te , and a ls o  th e  number i n c o r r e c t l y  added , were 

n o te d .

The norm al m e n ta l e f f i c i e n c y  was t e s t e d  each  day soon a f t e r  

th e  s u b je c t  a r r iv e d  a t  th e  h u t i n  th e  m orn ing , i n  th e  m ain b u i ld in g  

o f  th e  Museum, w hich i s  k e p t a t  a  p r a c t i c a l l y  c o n s ta n t  te m p e ra tu re  

o f  65^F. The s u b je c t  added ,up  f o r  two 5 m in u te  p e r io d s  and th e  

a v e ra g e  was ta k e n . The m e n ta l e f f ic ie n c y  was t e s t e d  t h r e e  tim e s  a t  

40 m in u te  i n t e r v a l s  o v e r each  2 h o u r e x p e rim e n ta l p e r io d ,  and th e  

s u b je c t  added up  f o r  5 m in u tes  each  tim e , a s  ab o v e .

The r e s u l t s  o f  th e s e  t e s t s  seem to  fo l lo w  e x t r a o r d in a r i l y  

c lo s e ly  th e  s u b je c t iv e  s e n s a t io n s  e x p e r ie n c e d .

Only a  few  o b s e rv a tio n s  w ere made w ith  s u b je c t  A, b u t th e s e  

show t h a t  h e r  m e n ta l e f f ic ie n c y  d e c re a se s  u n d e r  c o ld  a tm o sp h e ric  

c o n d i t io n s  and in c re a s e s  u n d e r h o t c o n d i t io n s  and e s p e c i a l l y  i n  h o t 

and  hum id a tm o sp h e re s . S u b je c t A d i s l i k e s  c o ld  i n t e n s e ly  and en jo y s  

h e a t  and  in c re a s e d  h u m id ity  and d id  i n  f a c t  f in d  an  a tm o sp h e ric  con­

d i t i o n  o f  90^F and  100% s a tu r a t i o n  e x tra u D rd in a rily  p le a s a n t .

I n  th e  c a se  o f  s u b je c t  B, i t  was found  t h a t  h e r  maximum 

e f f i c i e n c y  was a t  65®F s t i l l ,  th e  norm al a tm o sp h e ric  c o n d i t io n  i n  th e  

Museum. I t  d e c re a se d  v e ry  s l i g h t l y  u n d e r  c o ld e r  c o n d i t io n s  b u t  con­

s id e r a b ly  u n d e r  h o t t e r  c o n d i t io n s .  Humid c o n d i t io n s ,  even a t  60®F 

p ro d u ced  a  m arked d im in u tio n  i n  h e r  m e n ta l c a p a c i ty ,  and a t  7 5 °?  and 

100% s a t u r a t i o n ,  t h i s  d e c re a se  was even  g r e a t e r  th a n  t h a t  o b se rv ed  a t



S u b je c t A

D ate

®F.

M r  C o n d itio n  
M r

P e rc e n te g e  v e lo c i ty  
r e l a t i v e  i n  f e e t
hum idity. Tier min.

Dumber
added /
5 m ins.

Ilumber 
added/ 
wi*ongly.

ITormal 
Euraber/ 
5 ra in s.

îlornial
Idniîber
Wrong.

% D ev ia tio n , 
from  
F o rm al.

Eov. 50 60 100 55 2 58 5 —8

îlov. 50 75 0 54 2 57 5 —8

75 100 52 2 57 5. -1 3

F o v .11 75 200 55 z 38 5 -8

D ec.12 00 70 0 42 1 59 1 -t 7 .7

CO 65 200 59 1 59 1 ± 0

Dec. 2 90 0 40 5 55 2 - t l 4

90 100 42 2 55 2 +  20



S u b je c t B

D ate A ir  C o n d itio n
A ir

P e rc e n ta g e  v e lo c itj '-  
r e l a t i v e  i n  f e e t  
h u m id ity . r e r  m in.

Dumber
a id e d /
5 m lng.

Dumber 
added, 
w ro n g ly .

Form al 
Ilujmber/ 
5 m ing.

Form al
irumber
w rong.

% D e v ia tio n  
from 
Do m a l .

50 Cif 0 74 1-2 76 0 —3

50 C.X 200 67 4 60 0 - I t  ^

60 0 74 2-& 73 2

60 4% 200 67 1 68 0 - l i

60 100 0 74 2 79 1 —6

75 0 69 2-3. 73 2

75 200 72 1 73 2 -13

75 100 Ü 66 2 79 1 -IS

90 0 65 4 75 1 -1 4

90 200 67 1 72 1 -6



S u b je c t C

D ate

0
F.

A ir  C o n d itio n  
A ir

% r e l a t i v e  v e lo c i ty  
h u m id ity . i n  f e e t  
- - - n e r  m in.

Dumber
added/
5 m ins.

Dumber 
added 
w ro n g ly .

Form al 
Dumber/ 
5 m in s.

Form al 
Dumber 
wrongf

% D e v ia t io n
from
F orm al.

50 . 0 62 6 63 2 2

50 Ci 200 62 5 63 2 -  2

60 5t> 0 65 2 65 1 ±  0

60 US 200 61 2 63 2 — 3

60 ICO 0 62 2 77 1 4- 7

75 0 63 3 60 0 4- 5

75 200 65 1-2 65 1 ±  0

75 100 0 63 3 77 1 +  10

90 0 79 2 75 1 -t 8

90 200 69 2 64 0 +  0
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9 0 °?  and  s t i l l .  S u b je c t B i s  v e ry  a v e rs e  to  h o t  a tm o sp h e ric  c o n d i t­

io n s  and  found  h o t and  humid a tm ospheres a lm ost u n b e a ra b le .

S u b je c t C showed a  s l i g h t  d e c re a se  i n  m e n ta l e f f i c i e n c y  a t  

a tm o sp h e ric  c o n d i t io n s  c o ld e r  th a n  6 5 °?  ( i . e .  a t  c o o l in g  pow ers 6 .5 )  

b u t  showed a  d e c id e d  in c re a s e  u n d e r h o t t e r  c o n d i t io n s  b u t a  d e c re a se  

a g a in  a t  90^?  s t i l l .  9 0 °?  and  200 f e e t  p e r  m in u te  seemed to  be th e  

l i m i t  f o r  c o m fo rt. As i n  th e  ca se  o f  s u b je c t  A, an  in c re a s e d  e f f i c i ­

ency  was o b se rv e d  u n d e r s a tu r a t e d  a i r  c o n d i t io n s .

A lthough  b o th  A and C w ere s u b je c t iv e ly  u n in f lu e n c e d  by 

in c r e a s e d  h u m id ity , i t  i s  v e ry  d i f f i c u l t  to  e x p la in  why th e r e  sh o u ld  

be  an a c tu a l  in c r e a s e  i n  th e  m e n ta l e f f i c i e n c y  u n d e r  humid c o n d i t io n s .

I t  i s  a ls o  i n t e r e s t i n g  to  n o te  t h a t  th e  m e n ta l e f f ic ie n c y  

seems to  ru n  a lm o st p a r a l l e l  w ith  th e  m u scu la r e f f i c i e n c y ,  a s  w i l l  be 

s e e n  i n  th e  n e x t s e c t io n .

im C U L M i E??ICIEI'ICY

The m u scu la r e f f ic ie n c y  o f  th e  s u b je c t  was t e s t e d  on a  

b ic y c le  e rg o m e te r . S in ce  m u scu la r f a t i g u e  i s  due p r i n c i p a l l y  to  some

k in d  o f  c i r c u l a t o r y  f a i l u r e ,  i t  was t h o u ^ t  p e rm is s ib le  to  ta k e  th e

p u ls e  r a t e ,  o r  r a th e r  th e  p u ls e  in d e x , a s  an  in d e x  o f  m u scu la r e f f i c i ­

ency . The p u ls e  in d e x  was ta k e n  a s  th e

 P u ls e  r a t e  f o r  2 m in u tes  b e fo re  e x e r c is e  _ _
P u ls e  r a t e  f o r  2 m ins. im m ed ia te ly  a f t e r  e x e r c is e

At th e  b e g in n in g  o f  th e  exp erim en t th e  s u b je c t  s a t  i n  th e  r e s t i n g

p o s i t i o n  on  th e  b ic y c le  f o r  ab o u t 10 m in u te s , and  th e  p u ls e  r a t e  was



S u bject B

0
F.

AIE COI5DITIOE
A ir

P e rc e n ta g e  v e lo c i ty  
r e l a t i v e  i n  f e e t  
hum idit^r. im r m in.

COOLDIG

POVffiS

V;0Eli DOFE IF  klLOGPALl-METESS TO 

PULSE IED12C OF

GIVE A

1 .3 1 .4 .1 .5 1 .6 1 .7

50 0 7 .8 400 455 505 580 670

50 200 13 .8 490 540 590 626 670

60 û 6 .2 500 515. 535 560 640

60 200 1 1 .2 500 530 555 600 650

60 100 0 5 .9 385 425 455 466 520

60 100 200 1 1 .0 510 570 600 606 615

75 0 3 .4 350 470 516 540 600

75 200 6 .0 493 530 566 586 610

75 100 G 3 .3 407 430 450 468 480

75 100 200 4 .9 405 445 500 570 660

90 0 1 .3 353 455 506 555 610

90 200 2 .7 345 370 435 525 645

90 100 0 1 .0 340 390 420 430 440

90 100 200 2 .4 255 335 415 500 560
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ta k e n  -u n ti l  i t  became c o n s ta n t .  T h ree -m in u te  p e r io d s  o f  work w ere 

done and  th e  p u ls e  r a t e  co u n ted  f o r  each  ^  m inu te  im m ed ia te ly  a f t e r  

th e  e x e r c i s e  u n t i l  i t  r e tu rn e d  to  n o rm al. The work was v a r ie d  by 

a l t e r i n g  b o th  th e  lo a d  and th e  speed  o f  th e  e x e r c is e  so t h a t  ab o u t 6 

t o  10 d i f f e r e n t  d eg ree s  o f  work w ere p e rfo rm ed  a t  each  a tm o sp h e ric  

c o n d i t io n .

G raphs w ere drawn p l o t t i n g  th e  p u ls e  in d e x  a g a in s t  th e  work 

done i n  k ilo g ram -m e t r e s .  T h is  m ethod was u se d  by B a r c r o f t  i n  con­

n e c t io n  w ith  th e  e f f e c t  o f  h ig h  a l t i" tu d e  on m u scu la r e f f i c i e n c y .

From th e s e  g ra p h s , th e  work done i n  k ilo g ram -m et r e s  to  g iv e  a  p u ls e  

in d e x  o f  1 .2 ,  1 .3 ,  1 .4 ,  1 .5 ,  1 .6 ,  and  1 .7  was r e a d  o f f  and t a b u la te d .

I n  . t h i s  way i t  was p o s s ib le  to  com pare th e  e f f i c i e n c y  a t  

d i f f e r e n t  a i r  c o n d i t io n s  i . e .  t o  f i n d  th e  work w hich  h a s  to  be done 

to  p ro d u ce  a  c e r t a i n  p u ls e  in d e x  a t  each  d i f f e r e n t  a tm o sp h e ric  con­

d i t i o n .

I t  i s  seen  t h a t  a i l  th e s e  c u rv e s  e x h ib i t  a  c e r t a i n  f l a t t e n ­

in g .  T h is  f l a t t e n i n g  p ro b a b ly  c o rre sp o n d s  to  an  optimum p e r io d  f o r  

m u scu la r  w ork, o v er w hich p e r io d  th e  p u ls e  r a t e  i s  p r a c t i c a l l y  un­

a f f e c t e d  by in c re a s e d  w ork.

T ak in g , i n  th e  c a se  o f  s u b je c t  C, th e  work done to  p roduce 

a  p u ls e  in d e x  o f  1 .6 ,  to  s e rv e  a s  an  in d e x  o f  th e  m u sc u la r  e f f i c i e n c y ,  

i t  seems t h a t  th e  e f f i c i e n c y  i s  s c a r c e ly  a f f e c t e d  o v e r a  ra n g e  o f  

c o o l in g  power o f  3 .6  to  1 6 .2 , b u t  a t  h ig h  te m p e ra tu re s  (90®F) th e  

e f f i c i e n c y  i s  in c re a s e d .  A s l i g h t  d e c re a se  i s  seen  a t  90®F s t i l l .
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50 Q 7 .0 206 270 302 544 380
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60 200 12 .7 200 364 300 331 356

60 100 0 6 .0 236 364 406 425 447

75 0 3 .6 212 262 340 363 366

75 200 5 .7 200u 260 330 360 410

75 ICO 0 3 .2 264 296 327 410 437

90 G 1 .3 243 277 404 472 (>500)

90 200 2 .7 263 364 404 496 {>5001
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90°F  w ith  a  w ind h e in g  th e  u p p e r  l i m i t  f o r  co m fo rt. (See a ls o  m e n ta l 

e f f i c i e n c y )  (S u b je c t C was n o t v e ry  s t ro n g  and  was u n a b le  to  p e rfo rm  

m ore th a n  500 k ilo g ra m -m e tre s  o f  work and h ence  no v a lu e s  o f  th e  wora: 

done a t  90°F  to  p roduce a  p u ls e  in d e x  o f  1 .6  w ere o b ta in e d ,  b u t i t  i s  

O bvious from  th e  g rap h s  t h a t  t h i s  f i g u r e  m ust be g r e a t e r  th a n  500 

k ilo g ra m -m e tr  e s . )

I n  th e  c a se  o f  s u b je c t  B, ta k in g  th e  work done to  p roduce  a  

p u ls e  in d e x  o f  1 .7  a s  a  c r i t e r i o n  o f  th e  e f f i c i e n c y ,  i t  i s  s e e n  t h a t  

th e  e f f i c i e n c y  i s  veyy s l i g h t l y  in c re a s e d  a t  h ig h  c o o l in g  pow ers and 

th e r e  i s  a l s o  a  d e c re a s e  i n  th e  e f f i c i e n c y  a t  75^F and  ab o u t th e  

sane  d e c re a s e  a t  90^F. The e f f i c i e n c y  a t  th e s e  d ry  a tm o sp h e ric  con­

d i t i o n s  i s  p r a c t i c a l l y  u n in f lu e n c e d  by a i r  movement a l th o u g h  th e r e  i s  

a  s l i g h t  in c r e a s e  i n  th e  e f f i c i e n c y : a t  90°F when th e r e  i s  a  w ind .

The e f f i c i e n c y  i s  g r e a t l y  red u ced  by in c re a s e d  h u m id ity  even  

a t  te m p e ra tu re s  as low  a s  SO^F, and i n  e v e ry  c a s e  th e  e f f i c i e n c y  i s  

in c r e a s e d  by a i r  movement o f  200 f e e t  p e r  m in u te  and r e s to r e d  p r a c t i c ­

a l l y  to  n o rm al.



(26)

c o m u s i o u

I t  i s  se e n  t h a t  d i f f e r e n t  s u b je c t s  r e a c t  d i f f e r e n t l y  to  

v a ry in g  a tm o sp h e ric  c o n d i t io n s  and  hence  i t  i s  im p o ss ib le  to  l a y  down 

any  h a rd  and  f a s t  r u le s  a s  to  th e  e f f e c t s  which w i l l  be p roduced  by 

any one a tm o sp h e ric  f a c t o r ,  su ch  a s  in c re a s e d  h u m id ity  o r  a i r  move­

ment .

Some s u b je c t s  a r e  e n t i r e l y  u n in f lu e n c e d  by in c re a s e d  humid­

i t y  o f  th e  a i r ,  w hereas o th e r s  a r e  g r e a t l y  i n c a p a c i t a t e d  by i t .  The 

m a jo r i ty  o f  p e o p le  in d e e d , f in d  t h a t  a i r  w hich i s  s a tu r a t e d  o r  n e a r ly  

s a tu r a t e d  w ith  m o is tu re  i s  v e ry  o p p re s s iv e .  T h is  i s  p ro b a b ly  c h i e f ly  

due to  th e  unaccustom ed  s e n s a t io n s  w hich  i t  p ro d u c e s . I n  t h i s  c o u n try  

th e  h u m id ity  v e ry  seldom  co rre sp o n d s  to  a  s a tu r a t i o n  o f  more th a n  60% 

and  c o n s e q u e n tly  th e  body h a s  g o t accustom ed to  r e l a t i v e l y  d ry  a i r .

B ut i n  m o is t c l im a te s  i t  w ould soon g e t  e q u a l ly  accustom ed to  hum id a i r  

and  i t  i s  p o s s ib le  t h a t  i t  w ould th e n  e x p e r ie n c e  d is c o m fo rt i f  su d d en ly  

exposed  to  d ry  a i r .

I n  th e  c a se  o f  a l l  t h r e e  s u b je c t s ,  th e  p h y s io lo g ic a l  r e a c t ­

io n s  p ro d u ced  by a l t e r a t i o n s  i n  th e  a tm o sp h e ric  c o n d i t io n s  fo llo w  v e ry  

c lo s e ly  th e  s u b je c t iv e  s e n s a t io n s  e x p e r ie n c e d . Thus s u b je c t  A ,  who 

l i k e d  h o t a i r  c o n d i t io n s  and was i n  no way in c a p a c i ta te d  by a tm ospheres  

s a tu r a t e d  w ith  m o is tu re ,  showed minimum v a lu e s  f o r  th e  p u ls e  r a t e ,  

r e s p i r a t i o n  r a t e ,  m e ta b o lic  r a t e  and  b lo o d  su g a r  e t c .  a t  a  c o o l in g  

power o f  3 .5  (= 75^F s t i l l ) .  S u b je c t B , how ever, who p r e f e r r e d  c o o le r  

a i r  c o n d i t io n s  th a n  A, showed minimum v a lu e s  a t  a c o o lin g  power o f  6 .5



(27)

(S 60°F 1 . M oreover, t h e  ran g e  o f  th e  v a r i a t i o n s  o f  th e s e  f a c t o r s  w ith  

s u b je c t  B w ere much g r e a t e r  tl ia n  w ith  A, p ro b a b ly  b eca u se  A e x p e r ie n c e d  

no d is c o m fo r t a t  any a tm o sp h e ric  c o n d i t io n  to  w hich  she  was s u b je c te d ,  

w hereas B found  a l l  h o t and humid a i r  c o n d it io n s  m ost d i s a g r e e a b le .

A lso , when th e  s u b je c t  was u n in f lu e n c e d  by h u m id ity , th e  

p h y s io lo g ic a l  f a c t o r s  w ere a l s o  g e n e r a l ly  u n in f lu e n c e d .  Thus i n ­

c re a s e d  h u m id ity  had  no e f f e c t  on th e  p u ls e  r a t e ,  r e s p i r a t i o n  r a t e ,  

b lo o d  p r e s s u r e ,  m e ta b o lic  r a t e  and b lo o d  s u g a r  e t c .  o f  A, vdiereas th e s e  

w ere m arked ly  in f lu e n c e d  i n  B* B ut i n  s p i t e  o f  th e  f a c t  t h a t  b o th  A 

and C w ere s u b je c t iv e ly  u n a f f e c te d  by h u m id ity , th e y  b o th  showed an  in ^
r w t f s l o l  I w  t k . 1  Coutft oJl-SO QVv

c r é a s e d j^ u s c u la r  e f f i c i e n c y  on ex p o su re  to  a tm o sp h eres  s a tu r a t e d  w ith  

m o is tu re .  I t  i s  d i f f i c u l t  to  advance any e x p la n a tio n  o f  t h i s  pheno­

menon.

V/henever d is c o m fo rt was e x p e r ie n c e d , w h eth er due to  in c re a s e d  

a i r  te m p e ra tu re  o r  t o  in c r e a s e d  h u m id ity , t h i s  was alw ays c o n s id e ra b ly  

m i t ig a te d  by a i r  movement. (E xcept i n  th e  c a se  o f  s u b je c t  B a t  h ig h

te m p e ra tu re s  and  h u m id ity , i . e .  90^F and  100% s a t u r a t i o n . )




