
THERMO REGULATION 
IN 

HUMAN BODY 

A DISSERTATION 

Submitted in partial fulfilment 
of the requirements for the award of the Degree 

of 
MASTER OF ENGINEERING 

in 
ELECTRICAL ENGINEERING 

MEASUREMENTS & INSTRUMENTATION 

By 
R. K. AGARWAL 

DEPARTMENT OF ELECTRICAL ENGINEERING 
UNIVERSITY OF ROORKEE, 

ROORKEE, (INDIA)  
MAY, 1979. 



OUL` Z i 

RTZMTZ 

II TRODU A2O 

101 TL 	 turY R cul oD 	 I 

1-02 Ivp t=o cnoeoosLty OR 
T homm-oroz ala' iox~SWdico 	 2 

1* 
 

JtoruI Thormc3 RR talon I o 	4 

9 	
• t g a 7~Yty 8~ 	.:-gee` 	+i 	t: o 	i+ - °~y ,► 	~ 

Cpetox 11 

2,1.4 Tbo 	ou1Atary Cot2troi B -otor 
4n J1rGiD 13 

2,2 Pb o o1 	of soot 
Rcu 	° . r Byo om 16 

2,2.1 Boat Gain 16 
2.2.2 float lost) 20 
2.2.3 8cot3.e2 ofSoot 24  
2.2.4 bog 	rQct 25 
2,2,3 1oo 	of Iooc3, CodLtiozon 

0 	T 	ratwo CorzditionD 27 

22.G Dutioc 	Gicnac (Ro3o o) 
2,2,7 Fovor, 30  



I 	017 Z TuI 	I 
17 	~MOV~doze 

3.1 16o1 for c sizjlo 	c 	of 3 
%boor 

Pow' C 34 
3.1. ?:bio and latoti' o 1 do 57 

goraicko cn 	c 	oU ' o 40 
3.14  tly 	atuw 	#ox 41 
3.1.5 Oroobio of rad,. rbiii 4 

Sot 1oo2 2or tho Entizo out Body 46 

3.2,2 UIDDIo "a Prot + U 	# oo $'oto) 
r.dol sv 

3.2,3 tI2 os1ort o Sa 	(Ute 	State) 

3,2,4 St1ui3b M Urd' o t 55 
3 2,5 i i110 :`c 	Bon3 	vola r+ ►do . 57 

OA3i.Xv DO*► 	MUL 64 

4.1 ratortioo,1 ro3 of 	into 
tod Htn TboMA 3yotcrn 	6 

4.2 	'bol Rc laUon Deo 71 
4*3 Roculto 	, D1ccucolona 	74 

IPPBL1Ci8 	 $1 

6 



Ym f •s, R 	't#.9D O 	i 	Y #'. F s! 

g i o 	! i 0 :7 	# 	T ! R # / t' 	% e•,s 4 	t i 	i 't 	i 	' :.~ tl 	PYes 	i 	... ■ ..Y 	L74~.x y rl 

i , p 1~ r 	`,Ki. ! 	.s i t 	Y.~. 0 	3 	►ef . 'flr 	■ 	,n G t '. ; :' 	t 	Y 7,i 	f 	.# 	t 'i,i 	i 	R .x 

ti..: f~F . d *+ r 	0 4 # # ox 	8 	lNa i ! • 1 	• 	s 4 t Y. 	:.t4,: 	.~ .. f 	Y • ! • i~~ 	{ # 

_ ! ,~( 	• '. 	s • 	.1.a. 	if t 0 	f i ► d Y i~ a ' s 	A 4 l ' e m7 • ■ 	A e& 	rt 4 i # _ ' - ! g . ` i`— 

1[ # 	# . Q 	hI i t A 	A « « 4 	i 	16 11, 	`. !' 0 f' 	..# 	1 '46. 	#. 	i 	# 4 fl ;..: .4 •..i 	.1, 	RIaM'~ 	:. llYs. 

& 	bo& ofz tion tioi1 uodolo dovo1opo for otia&y nj  

tbo batm to r of hwmn boGy  a ei, vt rio o rAm- o pphorlo oonuttonc 

cc 'ioUU at uDdor difforont n tc bolto c ttvit oo bovo baozi 

ovoc for0t034 otc to ex4 uiu3tocy ctc o +o l tion. So r 
of tbo o mod+ o Irto1udo DbyDtolojjoal p rmotoro of to body 

ol . 

A ntIprovo4 r► a1 of hen tho - 	1c ' oyotoin 

toL3octod iuGor otoGy otc to eonGtt2oxm, iii tho tw p of  
Wo UOQ1 t Q ty &Uctribution In is actü tfltEl ' itO 

host aono1c tion in tbo body t tt obtnjin3 body toxziporoturoo bcvo  

boon oalOula d. Alco on, cobooc of o3ttornt1 tho n o ro lcxUon 

nd.oc1 undor o ttroua c orki eonf .ttona ho boon ennaidotod to 

find out tbo roictionchi jti nor 000lcnt aiac flow rstoc,  

000lcnt tozoritu a and the body totiporture to put the body 

in torzs1 Contort i,o near '930 . Al roouito have bocn 

ciacucrizod at tho orae 



I ocraoot1 ii 	ozp o i r doop ani of  
atl o So my, uldoo Sri D.S. Cbitoo cM Si fl 

Nr0  for the ou3oaraornt, ebb uidano0  ezz vcwbio 
bWJc3OOtLOfl zoitorod br theta 4nr12tJ ttto p p c tion of  
tbio o rtc &on. 

I 	cot ciffui io Dr4 P..thop ' "v 
Profoocor rt Hoed, 1flootrioi 	ixzorin3 Dopertirnt0  
Unvoraity Of ROoOo D  Roorkoo for provi4Ln.j tali, tho 

OODD+ 	`*LbttLOD ic er4 eco for trk&n pinb for 
cotti ter aoIp1oto all otftoiol for Utico, 

tI em tharful tof o A#K* G p a# flococeb 
Lobol c, : løotrioalEaalrterinj Dportmant0  for lab o 
bolp cjgaction In my tick dui i 	/ `t.  1 G, 

the fZOUUC at  ot 1OOg4COO for thoor help. 

C nor. A3oz3b 



is ie to certify that the dissertation a' 

sn Lt .1 * " " '" 	t° tLOn in ftisn Body,  which to 

being eubsitted by ri RA. . UST G A. inpa*isZ  

£1 . 	for the .fid of the degree of tsr of 

str 	t on) of the University of or ,e, Le 
record of studøt'e own work carried out by his under 

our supervision end idsncs the its bodied in 

this .Useertation bu net been. sutte4 for the &word 
of ay other deme or  

This is to further certLfy that be has worked 
for a ported of tiø math$ for preparing thisdisserta- 
tion at this university,  

V. OD kuMa 

University of tork"o 	 V, 	 Univentty of floorkie, 

Bnted sie 	1979 



This to to comfy that the dissertation  

entitled S 	 in ) 	I  wh_j 10. 

being eubaitted br Sri R Z ` AWWAL Inpsrtt*l  
f4Zilment for the std of the gree of Faster of 

gineerisg in leotrici1minis Com►+ resents and  
stro tation of the University at Roorkee, is a 

record of student's oi work osried out by Ma under 
our super a on end vices. h.tatter eabo died in 

Ls diseertatton has not been nubitted for the award 
of any other degruor diploas.  

this is toSher certify that be baa worked 
for a period of nay monk for 1" e4ng this diseertaø 
tics at this university. 

DL 

* S, ORZ?OE 	 VZNOD kUMAt 
Z]sctr&esl Zngg, eptt. 	 so rl 	, Dept** 
University' 	 ' or ee, 	 ver 	of of *oarkai, Roerea. 	 ick*** . 

Atted s 	r 1979 

v 



2~' 	•~ 



alp 

	

11A. AIS 	# n_ 	1 	!1~ 	_ i 	~ i r ~ 	~a'f: i 	w ♦ ~ 	i 	: 1E '1 +li 4 	ilY _ lGf~ f 

tho M014 oO 	cV tho O 	t. dol. of L'i[ o hn m 

10 mo vomit or O lu qon ' p O QCDOO oVt111030 
of oc r I hia+o oopo tt!,otcicL'a Illty to tho 

VlocQ1' 'e" 1CO to 	to 	In 	 uo UVoq 
c t a 	o 	OhCOo Zoo ao tcuooR# eoflci 	i 

c o C adt iwo thit co o ai o t occh of tho 

huzc W co 	O of op bIl woit 	hO iooc3t ao of 
Coot Ot7O OtX*t=t 	Oe.21O o pcpLo o 
boo z r j tUh CO'O SOJOOL ca thout '''io o?y' 070 Oo" 
u3tg C n iO 3o Of  tho si io o of io vo WQ 1 tho 

atw4 Its .orthtic 	.d a oetod faotoo roa d 
to t o thort oqi b tz p p ob 2' azo of it mlvcvc . 

e0 00tu to pop106 

(1) Oo4 D100606t oltoiothovie DornI4CCZGI th. 

tho p ct 000O 04MIccit tho2i? tc Q 

V 	1114 	,tocwcctL 	atzro i000 h 	tempo 

'~ ~ ~ >a~ a:t 1 « •!~. 	.. a 	• .~.:~ 	: r ..~ ~ ... 	~ ~e e : a ~ ' :~ 	~+w 	.fir 	a 	/ a ' r 

of ?'otoon+ 	"+ Data cono'Qtoo aoff► 0 a o 4, a of he is 



m~ 

fl c2oz to o*aitiozo of t c4 .ii' 	to boat U bo aonc o ; 
'oto 1c unQoi o 2 2.00 of 	' Q 00000 the beat 

VC01Oc .o ► flQOOO to ?Of) 1 calAW t i' 10 ttc tho baoQI  

1Motc o o 'o aci('a i c bo 	'o' ao to I c i000 I tad D) 

210 b 	) c Qo moot O 7O 7 ttO'o Ito ?OO1 c oCmp 
to !o that 93' ci6 by vlo toboGa t o e 	MILY In 
tho [ `OCOO  of a' '~+ ', ' G0 	'70rot '0 td' b 

aetOQo ' oo'crnca of tti4' to oJ. '1i' c uta 	000a 	' L' oo 

CO1iMO&O IIt 	ocirjo 	tio o 	3 ccxou. 

3o too to It tho bow iii o lotoo 119' ' o 	? }9z'$ 
vWlet4O2D Oro 	1101,404, 

Q to 	0 (oe : ») tc to o of 	We thozc 
v *1 s 	► O ±5' eon " ~a 	o 1 t 	3ica' ', ' Maoaot ea  

o t1oefopt andC 	M 

-SCOC e 	` do tc xz?cwo In Mort 	103'OPO tho baa 
Calera uil bo 	crjo4Ivry.  r.. A.; it ho t 	c , o Io 
bo ou `t', t o actIVI a of tho r zo ► uoG to+ 	' 

(' OP) c4 t ca !d e=Di a3 a ja 	tr td `op uc 7cr 
t 'o dot 0 t ► Oo O tio M hou:I,  tc 	ttt o 4o  

t -1 h4 k °C (11102 to U30L') caf cn 	' 'o 
a br. c r 'IrboeooD fat 122)C 



~° +~ r 	+ , 	r . ,' 	c • 	A ti 	3 	* s r r• .. # 	7. 	• : 4 .. ttr 	+vim ► :. 	:r, 

R 	! . 	~i 4 r 	+r 	w, o* 	x 	r . + Aq. ~' 	• 	+rte 	w ~ '_ Thr, 	ar . . 

	

! ~•.s ■ 	.::.4 	+ ` 	r 	r 	to *' ~A 	%• iw r 

! 	::.~+.'. 	ate • 	' 	s 	• 	i 'a, 	r 	t s 	•~ 	f; 	.~. 

■ 

 f ! 	# 	r 	3 	i~! 	i . 4 	4 	. '1 # 	♦ . i S `~l 	~~ 	i e~ 

	

r.1 	! r / Ii Y 41A .''k. 	:..A 	'k' # a 	!Y 	e"d R ` 	'aR # 	• 	t 	i Y' ,, ! 	■ / 	#f1 	is 	~r.. 	q!.. 

	

sOn 	 o tx, 100 	O010 At t12. eC 	4t `Q ttO ra% 

tlio c ,)Qrat o ao Aot3r retrobi too Pad= a 0014 btbOc 

f!: 	+i.~s-r' ' . it i 	~ 	s 	~.,► 	F : 	~ y:,~ a 	ewr 	~ , ~.A 	:. ~r 	i,;; • 	~, ~, 	s, , 

	

e 	f 	• E ~r ~:~~ 	a~N • - 	~ +k~° a i 	k . 1aA : 	~ 	r r 	• ~ 	?s e ~ r 

	

wr_ 	~v.e 	a 	 1 	a!1 , s .,,~ 	r:■ 	.'. 	 kY ar. 	w ere 

	

} ° 	: i 	+ 4 	r. i ~t 	t'1 	1i ! 	r 	! 1 	r r4, t 	# ! 	• aF r~z! 	i #d 't 

a 	 R 	e 	a . 	w• 	# a rs, i 	. s r T : 	sa. ' •rad - •a4 

sa' 	a-s 	•ars 	. ,r_ 1 	o M °!s. 	 r 	« 	atm ~. zt a_s 

floc :a*oa 



• ~s 1~ 	s 	k` '. ! firm. t 	'. +6~"i 	0 .' . • 	r; 	s 	c . 	! 	,. .~G 	:..76 „r 	s i 

of *atuvcZ 	' o rectal tcxozatuio c 

►.,~*. 	arm' 	s:_ 	e + 	 * 	: 

	

Z.a •`. 0 	V WSPOs+4 	M c: e + z, 	s 	rcerr s 	i~ 

	

1 . C 	lxsC r 	•  

t 	1. '1 	ti ` 	ii 	v" ro 	R.: 	a 	p`. 	a' 	"YL,''"t 	• 	~P 

	

3 o 	tid 	, C t o ithir 4, 0P oioaneo. i3i o 	f 

	

a 	1~ 	 it .. 
	

i . t 	a~ v' ' : !k 	 i 	.1 	s 	'9! i► R' 	 i' 'a : 	s 

6?s1~: 	a _ 	•~: 	ter. e40=4 	 ± 	, r .r~*.. 

	

'6" i 	. +1:4 	.. 	1~. 	~6 	.1 	 '►'. is 	M "~ 	::X 	dl . .# #.. 	w 	7Ir
. 	 Ji..r 	.. 

	

. 	,4t[~ 	s f DL i i. MMY aa. 9 	1t r 

ii' ►.i i dcaez 24ico to p oxmo i of, Ioat 

	

t W to =to 	 2ovteo 2i1et emwou 

bow oi0000 I a at G =w. = o b o 



00=41tucs 00 bOYCMG tho C000 of t3lOv*(:.MviMMcMtv  it :Lt) 

Ocaloo Vor tc po'ctuO t (200o '.i0 OTC2ri Otato of tho 

o* ieo1# bov a rM tea•o w21cii' hot GuS cow couSftono. Th000 

00410 ttI I1EUriAil 	c*cxa of ccnitir 

COOD C= to MdOcIrcolo Mtcato In both moo Outomal M=D, 

If00 POGNIOtO WO UP110MOVO  

both c protoetlen o t70U as a OtPOOD  

to on actrMcate Cu ono b=d it to 4o boat prooctio ainot 



OUaGc bcGh 	ag . t otoh I U0cd OC Vt 
timid ladwell"l brie 	b QQt 	Z' OV O? ezdzi d0n '. ' to; 

lv otypo ot *o Xoc2a n" 
oono5j oc 2 c t ooUntj offo C %OO 3 or al. cu 
* a ' 'io dUt7 O tc'cte ctic t 	2fl W ft O o a+c *o 

=.rce t I faOto o* jc thoo wo of V wUl od 

tho pooneo of low + iz u 2 a oiv 

"+ A 	at'abli 	fJ fou3` 3 4To t'r of  
of po 	400ioj outs i o of u o 

c 	too do?grnt woo eoduotou00 uw D en 
on ~Wn Mew# of thotiono Z► 	oLinol ° hcx co 

-ll O cm 	I so 0000Xl to c o ot of mottos or  

t oo t 2oi la hold 	stew tit tto cz of Tho za 
cQQ2ØO 	a cøizc to bo otx 	ct1i ftzot2o do 

c bo. 	of otaii thn. Vo v atic Coiicø 10 

 that' o s'o 	e c t o1 bc t cn 

to t ttofie. Thzh$m " ct o 'ot 	3 	t ~,' 

eot3fou ozi4Itjori titivA 	.00 tho r c t c  

uo p `o .t+ ' r tt tho o a o tco ?ioG to ayao oft L'o~3 ttt 

.for C'x ceic.o of 	to wt tc tt 	o ozoti ot tho 

° CVP2L 	nth OwVa713 init tQ 3otuea of eO1O t 

!zo3p 12m z than efoto Aco tho o f ct of cto 
of 1 	le io bo t M b 	" root a' hcvyr 

+ . oc o ate.) o tho ` lotl of bo h o'ot o AD tz1oO. 



mi  l 
riff"VS-ti  '"41-VOM 



E.7 

2*1 	A9L.PF 	OUL .' 	JP"T 

The body Is .a material mass *ith a corresponding heat 
caps it7 , that iii,#  at ems' tune an amount of thermal energy Is 
stored tihich is approximately proportional to temperature,. 

. en Jhen there Is temperature equaUbriun, the body must steadily 
dissipate heat at a rate equal to the Interna, generation. rate# 
It these rates become mismatched the Internal temperature 
starts + corresponding change (either rising or tailing).. The 
gross information flow diagr am fore the compote  control system. 
Is sho ` 	Fig* 9rt3 

2,1 	 t 

For tbcrino.rogulatory modellingpurposes, the controlled 
process can be divided into three different regions (15) and 
these necessarily  noaessaxily incorporate the foUo4ng actuating 
mechanism. 

2.1.1.1  The Ageo back or 	Comprises all the body except 
the skelatal muscle and ek.in, but 	 particular includes the 
viscera and the CNS t C T AL INDUS ' T ). The fact:. that the 
material is definitely ► not homogeneous add to the diffIculty  
of mathematical modelling (Chapter II)* Much of the basal 
metabolic rate (BMR) is generated here and must be dissipated 
to the eevironment. The BMR is controlled by the endocrine 
system and thus to some extent can provide an actuator, for 
thor'm{ r egulat ion. 

2.1. 1.2 	mel ' 	ale : generally surround the core and 
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coctz 

2. 	 v .MI0 !Ot1 hair toU i. .00. ¶icG7 a Q 

n1y tbo iU (tIowj a e o a1 ao ale* oecza 

Lp0'tho C1fl6O Oronot otajic by omlt 	li 001  

bL c to a iceG by tS =1 o c r is 	blood £t 	. 

Aoiuo 2cco not Inhibit, tdo o r $cz. 

In o bzron =1111 O,øez1no 	ia t D2.J1 cdiz1oao 
d.# 'Tho tycL ciUcTadou coo an  io roatto` 

betora1 4a 00* 

wocot.on s p Ge 	`d ottctci  
09 tho czItoD in tho op c tori,, MCCU11 	t 1 4 o or 

: C' ' e o t.: e2iO c is t OOe QtiC O io coot in tho 

t, L' 	`ioo of t. 	t.cl or the bcO 	thio, 
000011069  thv3l cinj io ww tec in 	w 
&) by to # oo or bat tic.po c t wo di'oe I Lrroet n 

in the 
2. Xn 	R o t ori (oct3i (act 	 Qt 	01 th.lc typo i i t , 

Cc a v' lo, to tho pa1 	ro1s.0 end c lits o0  th wj In cmtczio 
eaooc it trg bo o cioo 	c allooc. t1c1t3i 4rionttnj to duo 

!4u7coo octet out fray the no vo o , a c i 



IJe 

f 	•a:1 	C .i 	Y 	:CY4 f 	!t 	■+IR`f i 	t s 	'.~F 	r 	Fof `. 	,?. 

,r. 	a 	• 	r~r 	11 f_ 	Z 	r 	w 	:~.~ 	- 4,c a 	i airq e w a► 

~,+ 	a . • .►,* 	# ~ 	~ 	', a 	i~ { .*sir +~' 	~i,~!' 	i. '?'~'°?~r.t ~' 	f e 	~ 	3 v 	(s>r. ~ 	! , .. 	~r 	„ .. 	- t ~ 

r a►ta '.ra,x:. 	a•ts. •' rrciE'a 	 ks~r i~~~ 

it 	v• 	e' s a,r s 1 a A° a 

	

*af • 	'. 	id'1!t of 	a ' 	• 	r. w 	b & Od~4 	a 	. i : i.e 	r ? 	It 	~! 

in 	7C&Z=a 	w r at 	'c C li o to omi thot c 

n 	nttt 	at,oatn or `O .in ot etooT iO3 o f 

0 i . t o czc. :vin Ino on to in tho mthh c 'o st$ 1a' o8 

	

O prod 	ott or n ho bcd cnOt & 

¶L'1q iiU 	£c O of ttOrtCI rtrt oo ot10 c,  
►o , hI ,, 1*7 Utro 	1 trio 	bo loo :! 	«p 

is o. I= S UV to 1to 	C 	tt3 12 Ito,. 
JC7 Utto of o nx t tom+ % 10 , o n od 9 	tiro liin»c' 0 

t o 1000 of i3O C3t1 of host fct tho bodr, Tho a va 1 

of 1*7 . to (tho o3i1c vciuo fo I how) roo t  in a tioAt  
l 	► IOC 	,. t t Of 1 U t ?ago (bo rz 	, ► 	o+ ) 
c,voo a beat bcat toot of 7000 T eai. Lf to otioat c1ooi not c is orato 

= Two cin but to tQo 	or ooh 	tom tho bc3rt 
no tocit loco oe o at aU, tttint uCO OU COn t OnO . 



o tiot000 tov3 of thid love $:26 

or 1 t` OCO!OtO the Ct31t of 

1o3t tfidh the toGr am 1000 en o tc ovc en too 'nnco. 

tthe otomoi t po"eta'o oxeoodo that O tho tcr 
tica (tid 	p eoUco nee o oiatici of ca) to the 

only DO h of cet loco r , e l lc, !iov ctoat1n. volvoc a 
vapid loss of 	toOth'vi colt fon tho body; oetton t 
one QUO cat op veien util occur, uti tho uozei eoocaenaoo 
of lou codas output# 'UUU in blood p oocoO CiGd c , 
fc4ntin1 osid 0014 effect o c x o oto 	beoo cnou utci to 

Cirnr .oto Ionto of colt ui o f o 

tion the mtoznet nip t nit oni hoo hi bo but 

to elco oturtto4 u t tcoo epo. , hoot low born no Imoe i to 
boeeuoo the moat cmm c7ago 	a 	OO at 
t l "aturoof 	26O to itoo in boGj tc oz e o oCcw?o 

on the oto 	d#i a stay` of 1 M ucoo In a ootmoci at 
13092 my Vivo the bGG tccatiwo to 1CO°?. 

T 	aco OIIOn boo Pal .tt O7OL the nthtonenco 
of ueto and coli 	 t4U thuc eo inue 

c ~s04it pzodueao o n'o CIOV&Otion end tecü colt b000 it 
o ez!o3t d on2rby O2XeutatoV7 faibuo. 

10 crt c0000 fw t*o blow$ rapid O rOzU'UD dao a 

baxo outencoue tbood fbc eta tho ofc o diabaUon of tho 
blc,d v00001a. moo • eo iaboti £ 7bvowjt about by 

Is 	cniob boot aOtin t212oOt17 on vonaolr~. 
2. floCbcxn1r "z c 1 cutancouc vam cn6inop 



M 

r z 	Yaer 	s r c t► !. 

A , .*: v r 	# 	t3 4"+gid 	s 	. .i y'z:w•:+. ■: 	as.= 	a 

_7 a O.►'v,c' :~ m■t'. . *rea• a~.r 	a~ #.~:.+ 	rw~:a' ~` 

r 	x 	■ SL 	tLi! 1i 	1 ? R. 	r a 0 # 4 	► t a N R ji _ 	Y.i 	i 	+I 	AIr4 Yt ` •; ti "r °. ~Y 

i 	F ~,. i.A 	' o ~ 	. : ~ i 	! i TiaT~, 	D ~ / ;; 	! a 	Yri, 	-'f! i l / ii l ~ i 	x 	R ■ 	P '~ e f SII i 

ti M ok .1r 2OOOOC .n f t bcvLrj tor 	a`.iSo ' R0p1? 

[13] aCcAxioUo coM.c1ittou to o o Lb10 for tho 1bo'cUon 
o a vcocottvo cubotO (b?r4 r Jxfti3n • J 1co voco6ic1ction l0 
aopo nt 	4 'fin oy atbot1O mda rto 'tb o. So=. 

coLiatton in tho iii cn toroamr b iuo to mesa+ of 
p rc c botic vc000aotreto tonap but 'rho wain 	.:a tion 
oS the o trn to tho to the tGrzlation orz ootion o ' bz'o4yknin. 

i 'r •► L a 	t'a a : 	■ 	t. 	a 	: s,; .. t 	A # a 	as s 	s # . 	+' f 	e 

	

va:a`■+..~ .r •r r 	h.s «,aA Ot .. p-rrr. Or, 	• #i,. :rrta'#i. 

k - •.i. :. vt:. s rer 	b 	T 	: t 	. ; 

c w 	`w. t ♦d- 	i s 	~t C R _ 	w w 
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ite,a_ a ; • « 	.+`r 4! q~.+. 	-i' i 1r,~Pc 6stZ, ; 

t 	[3 	6' s= t i 	R 	i\ 	4 	w♦ 	est' 	w,joa 	♦r# 	k i 

os blood'. 
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nm 

t) 2 to trap io blo c4 	cntn„ the math 
bo 1n C3L C• 

A 8iwrnrI V 1ct2oo 09, 30V 	0W 

V c ► (63w ''moo poop bto fact of tho too dlurmL 
var 

 
cton to not otzro fuiii pooittcci, boczoo it to vorr 

t n w to tie r000zrtn at equ t tc alo 	in , tho 
Aloo it to io1 at o co7c%ict hours of 2 to 6 A ida 
ti c t to mWan t )G Z toD .Lr o 

Io o oral te a atur o r o o the bit to 2neD0000, 
!G vivo voimw 

ado nrnxi tciortuo rioo drzg tho &j to duo to 
t mocttcwac t i y rn6 oc 3oeiato8 boat p?ctuCtiøTh Thatnj oJ.00t,, 

tho 	"o o f1tO, portly OO 3OO or 13O3UY tZttVttV to 
pt tI boeAu. o of Iona pozfoet t cr t o 'o batto. the a 
1 	c to Iopt u 'ice, tho zoiai typo o 	tv31 10 
r to vc tcton moo pbc o 

to a2ht tot utltiontoX rovo coo the t 1po turn vaiatione 
V alo Coco zoo oOCt & 	tho MM of zlehfo t tho hour 

doot o to obocp. t, for a fots & oe 	r 	Ulm patio 
GnG the ooptn000 paomcc off. 

?A,eza the ftetzo tffottz the iurutv is iv 
of Lot toto 



i 'moo tc cctzz'o:In ztatc. i o la a Szt but 

1a i tr Craft  ...4 c oto . To oto oc4 ci o iti 

it of O O*aC CaU OD a *ico, % a 0016 bath 

n 	o= toles p Qtu o 	Vv 	t o ac 	o porn 

o 	ma# tho bar la loss ac !a,t o are ' atica Is oQbio 
and theme is ioa po ror a o,o 	is 	oh a £n etoncL  

Menstruaion 	2Pin 	ottio tha O3O Vi er'ttzo it 
a a tgignrio it ricoc 4irjht3.y dtwinl3 tio rortcc, 	o 
tctnc tomp'ctQZ'o s oa a d atine zio 	bou 	a tiDo off` 

ovulation. , ; 1* tho OOC1d b&2 	thO n It 	O7Oto 'kilo 
T 	r t O tUQ .Ia 930. 

b Gicet 2 pciow1, oo2eieo ooa tho 

• iwz1 	a  

3Ca 0 ` 	»C * 

2. 2.  

On 	 j 	mq  tho iotaboUc rate i000 by 7 po 
oct boc,o c+ Or nc o o tieoatiitr Dots 

:a O 10 rjro' cb c t oaoto of ho ottc t to 	 cb tho zet oaa 
oip n trio e  o gout in' c to boar 	'c os 

ipcaaro to torw cold 'o o obit 

a Q ccCZottcn 0 O 	o uiaoh c 	a ns 1ocboUat2 cnd  

doe 1 ioocO 

2. 	t ;tozit eo24 (Ia p ul a r " yr roph ) 



otLit` a t oJ1 noe 3ticn t .ei norocrnoo boat p tD ti , 

RLI ' 	 3E3 Ucr  . c 	 C34T ► 'L it c l tatOI 	DitZoocoo.  

3. Zc to oiai. 10 	oc to 0 c >1G + . 'l2ozct .;ZO ?O 

10 ! ioto t al + tncoo in t 3 thyoi4w1catiio or' 
tet±v. j. 2: o icn1 bmoxv itcnooIr eootc , to crotmt off' 
eollol+ Ccs+ oaooc cM boon Ito athttr for haootoUnj tho  
1in.-; coibn boron eottzrn.. 	tho toe o 	c C tQro and 
boo" e cozo +chat. 

. 	 t 	O o U' to ortoiai boat or cold cti iOtot 
occrottoo of t. rciat o ►rti olds* 

2.2.7 {e 

Ts tam to eoftnod cm a ratnod cotraZ tcycrctuo. 
Xt rooto fzoM a diatuaroo Of tho tCn*) cttwo c 1ct*n 
eontroo, &1w to coat cocmnbr cmocde 

. 	bmlttno duo to bzotot (oo c,. !mo ria), vru000  

(o.. l'lt o o) d -oto a (o.c, r bor ,c) 
2.Inc; o Gla r ,b atic , no £cit ocpio :n e rCloc staoticn, 

	

tL' ?oetQd noo4cco j  core oinoeo cfl2 CZiti0 	. 

Pao thyro 2.o zc'oacd boat po2uctic but this 
alcco c±ocO not oao xit for t roto bctauco tho o' o"oo 

o of mc 0 	itwo tieb co bd bo acofl eompcnoatcd for 
mom cortt1oc but boat boon In do oaaod of of ooua1y, 

uUy cztliv oi tbo ciao of body 	t tui o. cat ro tatian 
In Otatco off` £`,mac' 10 t vofaoo di^oVd 	bo Gy tciouttvo La 

S oto 3 to 0 hL 	10701 tb n: '1, to oca1C unai  



+br31 

v'cictitm i$otili p'ont immto pctktPoo oxxo 	o 

UQt%O U 	t 11COUC10 of h t ltd eo46 

Xz tho eztiec1 ott3 o a 2 ,co r or C VCtfl"' oitcf 

oecz rao G' q° cac .,ooro # nottctof t uvi in hot' l 3J s 

a rEg 6 L or s iorrtu'n t:ia Ofc o to :icz ptr o zd tho 
V1.co m oti o 	 Drn nt  °%'+4#o do# 	..+ 	* o, 	a tho 

Upon rno felt ,m6 m i t zj 	++~lk:~g 	 iF.~ria~t loco rito tzo'1Nr 

moato2! 'thQzl ho .t pouioflt 

Cc 10 of thorn bcuzxonOro ucU a wtoe Gu?inj  

a ►ari 'ior. tuint tio cdv t catty # c o tø a auOdcm  
1'k 2nareace. in boat W 	hen o.. fcrs 80 to 230 c ►/p 

boe11zbo of eitonooao voc000triotien co ttt cat tho .tea 
'1 • 	+ ~r . 	 fl 	W 	w .: 	+ 	: 'Y 	"'" • 	re k " 	4i ➢  s t'1~+ 	iM1 v 	,~N • 9M k * 

co to 3PO 0P ac t a orotu'o routica► is zot in oetton. 
.vc Interval tho c 	o rti.*' cnt ►I la 3uotct2 to  

O°?; o*tin too In on with inxoo 7oizatior th o 

to ct 	onQo t O.,. 

	

icat 	i 'otationo of fa 	o duo to tho 
pWonla C: 7Vd "L tion, c1ir S t 	otcOt?o' eO bCb .t.: . o In tho 

W.oc'a (o,. ia' 	1 loc * al al 	l) a*1 t e aotia ► of 
to ftm. 



Ott  



f ems 	' ?.F..i 	d-_.~a~ 	r r 	4': '.1 a.•a ria =r .Fn 	4 

r"~.. 	~a~'~ a;a~ a 	a 	t~'i■ 	a.;;+.:aF 	a 	P+e a.~~■a rip a .:x 	'~.~: 	h. 

s■ 	a r. 	: t1" 	: _° 	`, i; N 	i_ 	i ~. i 	l'! 	1 	i .i ~' 	4 r 	ei6 	° K 	s 

rlp.~ 	~! i M. ~■ • f • 	ii 	F `t#t i 	3 i wrs+1~ _ 	a iAi1 ~ e i 	r 

Q a y 	i, i .!  

i a a. 	~ 	iEw 1~ 	'e t 	i 	.. / 	 4 +P w : 	of 	~,.. 	i 	y 	. 	~F,. ■ 	r t 

e u r o ur 1!r 

r k11 au ilc 	[4} tto tho firo t ix,oatioo bo 
mmopt of oozo and o oU by iaoir. oo1 tortzro wc n 

In 	oratuo c cin of tho crc toporturc c oboil  
tonporcturo. By oon14oz'ivj tbo rate of cbo of body toct  

content an a..2an3tion of iroronontD of rcotal aDA zzan st2n 
tc oratuz'o, tLor ei taWto efi the firot eodol 'i r oo tbo 
4 ntL3 torc Pril ckincc 	10 e2idrcd in th 

Widal, ioroico an u ao [ ] codiftod t vhla and Batch, a 
rmdo1 to take Into e000nt 000plata akin atoa i 

+ cj' o !4o1 ] oozidøro4 the iwn body co a oijlo 

eVI Aor with tO OOXZ3OZ1LO 1c or -air tnnr cantrol core 
an outor akin .oho U. Boat production ( to lc ) too place  
to to ooro 	tboliIC boat Is tranco to tho oltAn oizrfono 
by aonaoation (blood Slot!) and by eo no ton /t the akin boat 
La trCDfOrrC6 to or from the onirorznt by oanoetion 
ooDduotioii0 raALcAtLOn or gat evaporation, .bo cDdoi prcdicto 
coon abin t evaturob core to raturop total ovaporati ro  
boat lows, oth sottodn000 and ckth blood flooe Zt La for otoa.dy 
otc to oonaitionD ad for ootiatoo of *ocf or't ova thorml 
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• ss~z 	r 	r 	w :. ` 	.. 	orr~ r '. 	tua syy ' a . 

• ~Y wtkSti i 	t ,R '"a • 	! :/.w9! Rtl't 	5.,~ k~ 	G ► 	r 	; 	1' .. ! 	", i'1~ 	+! 	i 	7: 	b o C 7 

'~ w 	• 5 	• c.rf 	'r ~' o 	c'. 	c 	r. e 	9 	s 	 L, t , aw 	■ r t t4 s}' 

,` 	g ' 	•s :a . s.Y 	': ti~ s .` 	' a 	i 	+', 	a.. ~' 	s 	a "i :a .' 	. • 	z s 

.Ira: ..r  

1" `. ! 	® 	a.Y ' 	tl1 	a a~ 	o nv s 	4 i 	t !Bd 	i* r : s 	: 	t 	► i :, 	i4 .Y 	ti. a 	• . 

s •a . tt 	rr s. 	' : ►d;' 	• 0 	w 	s 	►' M r 	• 	ttd+~ 	L ' 	=n'r ; . a 	x ` d 

k' '•t 	f 	L 	4 a,i. 	:~ !I 	a s ar 	f ! 	♦ 	r 	f 	e! 	a 	ca15 aR# 	1s 	r 	a 

br 	ay 	ar + 	zW 	~. 	 r 	4 z► . 	r ~► 	. n s 	• 	t • 	• 	ex+ sc 

* 	! 	ars,o s 	`'• 1z' eA' a .:` 	+~z rtaa~t£c' `• 	s 

:.~ o 	•1 	`fs lw. 	::r 	:s 	~a 	sr''e.•.c 	a_ seas 	a 	!N! 

Jho 'bvololociOI iIoot r+ o' 0 ioo noconici hcd' r 

to 	Into 	ccdotUj uta o bIo o ct. ( ) 
a al od hO Vole or tIO t1 	U t ?1 of l sao# 
at otco74o z'co cod to co of Mat Zor b 	o a o 
gmetSc;' of aha s oaa bo tccotu'o,$off a G 	oleo 
o old 	rho 1oQcZ bJoo6 Ate' a onotboUo a to. and tho 

ra off` h 	boa by 7rOttofl to o fintioubrain 
0ratur0jtZOObO t .) QUO n8 013 avore s 

cp7OOrt u c ot tho o6y o  octo byc 

oleo by or o at Q .(33 	OV,000 	:. 	,+ 	(2b3 uoc, 
tho Corr and  a toU coto ot p es ts' o' tho C .► Q of bum 



+raw 

Y;m= 	Lt alco ot lichad c ic.tCó1 mot by 
dioc o t10 dtat 1oneo .o tho b1 or* deitoi 
ocLii3r 	prog000f o 	the doction ot aovoiopi c a 
to ,h1h CI 24o to A#'d *;1Or 	' ot c 0 ' ho proiii  
looiect toJa t t cn oehdz.  

' 	flo.ctth tho hu thoc2 no6ot to tho o1 the a1 
t 	fF 	tl 	f 	a 	4 N 6 b #! 	D 	ti 	G,  : 	i 	! 	R; 

Yic1 IAL 

sx t: 	 + 	a 	o de. r Bs ,o +  +". 	'K4• .gas Vis` 

r 

Y 

a ou 	tho fovea= c 0oyiin10 zuG iicioct1tho 

oom6otio of 1rc ,n tho 6 ca alrO1C or 1to 

boat, Ions frcsa tho 	fcoo off` tho . rby eowocton  



tcjootU'o of tho stomal him= too •' cicuo T# tho ].oet 

	

no1cgic rato hm j Wd MO boxat trutoz' 	 tho 
1003j boo clots toto b, la mitt= co foUou 

	

.w it t a 'o I . a. 3 0 h~ + 11b 
 (1) 

taorOt 

E • zwuml OmauttIvIlty of tho 1410tao  

flia6tt iotcco frci to ctio of tho oyIino. 

zao (I) to t mthmrstlea ctotcnmt or tho tirot 
Icu of 	 Los, the oncray btcnco of tho ?oro, 
Tho toz on tho loft hmd oio nProccat tho Zo of boat 
awdueuan# 910 first tom on tho riot ItO oCo io tho roto 
of hot amoraticm duo to o3tboUo ronatleno o1 tIm oocond  

torn la tho roto of host trcoofor IVCC3 blood to tcouo In tIm 
OcAllory bodo  

flwt1on (1) Ia 	 cam to to fotlouina bot1a7 

(2) 

iuitIon (a) ottoo that at to ofaeo of tIm otn tIm 
rota of boat aofo fro; tIm tioctio to the e4zlz c2oeo (loft 
cillo of oamtic) in ool to tIm roto at hcot loon fvci tIm 

0110 ofteo to ito wwrourldiftca owiumtxnt (r2t ciao of 
oqaction). 

4aatcri (1) togothoz tilth Ito boim&y eonolti= Own 
bZr (2), to cobicO by Pnca for the eoo In tei both ictud 

n 



•36- 

c tho jt tho +a + 

2 	 (3) 
L It  

o T T 	or b 	
(4) 

Z 

ti (3) Onoito tho `too tczturo T 
M~ 	S +. 	k■ dt c ~r e p 	n 	r 	. 	w 	a r# 	t I 

Va d tmeo 	qw ti 4 jioo Cho t2Qoo totmo 
toxo of b 0 k cflG T(Zip tho tc T)O 	at tho Mi of tho 

Vic► 'I tha ho tnoo roto dao to 1oeit blood g1ou  
to tonio jo s Betio of tO i 	Co bott,oc t1nuo 

,)o aturo T 4 tho t oattWo of tho tl 1oodgag 

V1 ' (t 4)(T 	) 

quctoi(I) the boeoroo  

° 	T~ 	 (+ 
Cr 

a t, Cp  

tdC p totho O1OCfiObeat of b 	OW V1.tO tho O QiO 



(8) 

bio iojuntlim øtto, that tbo CoUbolla ito Ti pluo tho 
ato 

 

blood 92W PatO In tho *411c bodi, IRMO stir of (6) Is 

(0 t.)3oc/cr) 
j r-lLu 	 C?) 

Zo rolatlonahip bottloca to dn 
is ofroetivo cmv1v=cnta1 ecnpwaturo To to 01.00 darIvoo by 
Paws by mbot1kuting tho boizy ootic 	) 10t0 (i), 

!iceio cmd Hatch of tho Pi<eo btaoratovy pocztc 
tto o*g natbCoatlCal .04ot ao trio. bciotc onction Of hoot 

bccco 

1/ 

I' 
*f ezujø of boQy tkcat cotct t W= tho rato of h=t 

loco by.ra4plratiom V Is oqui to tho = o tho ratoo of boat 
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firms 0.9 0*073 47.2 
Loco 16*6 0.l4 13.0 
Foot 2.0 

_. 
('.UO 8.0 

13. 	l3looti [lot iiotrtbtticx ! /biLri. 

3o  zic kt 't " at 

flao 2 0 20 goo 

20 0 1092 3120 
14 0 12 0 

0 0 6 0 

29 0 2 0 
Poot 63 0 7 0 



'7 0.  

. Pccontago 	itr1bzttczi off` t' 	cboUU 

IQ 31 043 047 0.27 16.52 
0,70 2.6 1045 59.5 
0*23 0.30 1.72 0.70 

1rns o 040 0.0k 0.05 0.10  
0'#P0 0.2 3. 1.53 

L'oot 0.20 0.13 0.C7 0024 

r4 	t 
lie i 0.00120K 	ooc r a 320 cove t 

0.00126 K Co ooe/° 0 C om,?/ 

BO A  
o 1LTotal :.ot oL.o "'oto c (ltu/ u ) 

1300 	2 ; 3e 	3000 

Cora (t 6) 	935 @1fh 	105 c 	1 25 tO cat, 

1225 e31/h V30 et/? 20 c3Vw 

at (,) 	771 co ./hz 1023 cat/ 	1235 cow 

~ o 	316..5 eo 	1C39 c& 	1361 co 



471 

C, 	tLMOfljp  

ii aotjo eiOic tt of 6.1 tifi oo uto cwt bo 

thcd fl0) 

Tho o a 0 blood flc tuzoD V he d too cu foil s 
CD z 5 0Ot 

1200tL 
0 

Mss 	3720 ttb. 

a o ifto host of blood 01) 0o37 o / 	'C 

,i) 	''OM t boat eioo eooffioio  

11.0.0 tit o f 	/ 2  

v) t. uporc t o host loco or oz (a )z 1099 cc,/hr. 

) Total c oüttc h x Zoos Ac bot 

0 13.3 It oaf* 
i) RoQp3D1 c Yo o a to boat l0000 =22 oc 1/coo. 

c72 Cry, 

(Thio ?ct O of' win f' 1L3 is for a otocGr vooation  
va 

 
to 0` 0M IXOI !QtotivQ bQzi6ity of 0 p 

cozit o G c 	t 	ctuo Of 3000) 

a 	; 	 . 

t 	aV g2 hoot or000 	oczt#  fii a coo 
ollmot2t o 1 t4IiO1It Io tot poDoiblo to *cot tIQ c i 	c t. 

o toitLo 10 to i oo tho 000t wo to cool tho 
OCZ ,i. o. 	tdwl cooth. 	ecot2nc eri ba Zoo by. 



eoueton, c +n c 10 or o aporati of utcx( 	c y tot), 
oun bj 	orrtl of ot,octocnO coxoocn to Goo by 

Won a o o tio c, 'moo zwoaoo3 voioeiy of tho onimt  

cit Iz,ovoo 	o ctt 	than odtcinj tto }r at 10 .v 

Titor2ci tot 1'o3utct.ng dQvico for t10 Ont o buran 

boiy tUVO bCC d v10 o8 	tOCtOt1. KO 3C9 IUZG r 6 T into (16 
otncl tho a oft vcio o off` tho roplo ;oz t2ov o on tho hoed. 
Int o uora f outoroi ticxt tic 	 aguiotSon totco 	hood onG 

Io eooidood. It o baneon tlio zoip10 ungby ion cj 
WA ZIoroh 12)e 

'moo eccitng oyotceonstoto of a nottiot oi° t oo bolt3 

in contoot uith tho ouTheo or  tho cin 	 tho bond and 
ti1tb a UUqid coolcmt flouij ino .do tho t oo* "icy 	►co coo 
ooco1 to bo p `cetly IwAl tt f tho toldo viomt. 
".r O 0 tO 3I " oG] L'Ot0UOI dOVICO amt bo OOOiaOO as 0 

obcto ti oroc4atov GoVIeot boo oo i" tho 60`$00 hao 
ciot c 	 oo1y o oUG tho h bot' 

ccs bo ra tanc in a v 2 o of tbottaUty Zouain p 'peso 
of to dovieo la to iso tho r rn'o ►amo o 4otc o 
icto of o o 	auG matin by 	tho ø?intrn oatu o 
as 0 f,iion of riot U; c boat auG to 	toin tho huxL body 
in ox1 eotw 

407100 t a42) Cha tho hood or tend oc' Violaby a nottror1t  

of moot mAaoG,fV ItooutoGoCWIMMC~lt and hold Inviozct  
contact utt tho ouf000 of oa. io l . 	eco1ant e!!itoo tho 



3W, 

'y s 	# 	• 	L~ 	iY t~ 	#1'! f, 	dF 	,~ 	~t'I,~ 	~1 s 	/t~ k 	~. s 	~ 7 ! tii ! i'. 

cc t o D?W%a O 	0 tzboo $V co ac thct the chin tc I-n 
r'1 o to fia t ' ow iou the Do l t. 

	

210 	+ ' 1 ► of the oton 6cvleo r to rcovo the 
teot froa t10 øiftcoo theo2 ►. o c1o7iooleetc fio 

otata o tho 3 + 	v1z'oxztca1 tc c tt o Tb n oq 	a 
(Ii) for ho 	to eon to t 	irtc by the &'ithh. 
magic 1' o' the 'inlet eoi t t t qrc tutu 2 cnG otiot  
o o t r1t ° eotuoar ;it  

a A, ,iii + 

0' 	Tout ° ' ) 

SIM ' t 

s i  iout In 2 ) 

T ' 	 (27) 

fes, o (27) loo ~aoo the cwro oiteitom ?cavo 

%o Dot of 1 t 	oU3oa crxcioc jfl t g.I 
coflfdth c . (2) cs24 (27) q?r'o r o roprooc t the xztorjrtod 
h 

 

the 	oyoto . Tho ianot VQrcbtOi ero TO, Too `rtmcl Z,, 
for dl ` c rt co oto of the body. ` o o c tetio tOLQE Into 
t eeo3 	the pc' to 'o of oto c i 't o ai rQCiCtiOZZ ott 



, o te LWo loo n 	iou occta or tho boor arm 
bo o tnlncoi for a Alvan rotthotic oto 	ot eoint t+ of 
a o c eoolcmttaco fc vato, 

_ 	Following results \are obtained 
tuX7 ota o +Cm,-) at 0 td$ot `. but1 	nn i 	'oi  

' uo3 
 

or DO ciboUc txt =cvat on ratoc. 
Ho fl1ozichK bQuQo ooDtct tonfLa rn hoop b 

 flop vCCD vaiuoD of •ttcbote 1ixt GczoaUon  

rzic o ciG iniott ott t tc 	`at oo* 

II!. r-OICtIc nor bottom COOP bony tCm c ott o Irl nott o Uc 
b 	otoi 	for V PIOUD vctuoo ` eooltrnt iaco 
r ow crn3 for paiictito vcIuoo of j0 000nn tpoturo. 

IV* 	ation ip botuoci tlioaoepbcy'tk ctro mi t10 
nat oll boat cc cU CU rto aLSho ,t o r tho otonaI 

`moos 	vatt~co Lii+ 1 fo t 2O of 'tib 1.00 o 

t3tOOO ftl' czt o2 x linvo bo,,n ccoatocü . o thoo + i .ffo c : 
fa1tQD of Dottoiio hcct cncrotc 	too Viso , 11 1000 3tu/Iw,  g 
to 0 2WI cn E1 0 3000 ttr. h oortc arcs eIouiatc6   

of to coo 110c tho 	zi t 	0tUV0 in offcetc by the y iatidn of 
3cIWO v i in coc that 0 tliffcrGnoo Of maxm. 30C occtaro 

bots oc z coo trm)orato cz 	 . t ;)c o o. 



7a- 

OrC2(, ) 2Go+ 2S0 2682 

OAC 	o 	) 23074 - 27061 23O2 

90(320 -) 30.33 3 e7) 304 + 

95(3 .Cr) 33oG9 32c9 10 3.6O 

1 5(37077) 36 91 36.22 3.90 36.3k 
3.02 11 C~ V 5 5 

 
33.03 37.76 3 oU 

WWW(b3.33) P37 tO 

~. 00 tic 

3O(2S. 	) 2500, Vel 2.O0  
23.7 2347 2?.t> 27 ,~ 

~, O(32 22) 3105 3i C 
V 	

3e.t7 3192, 
3t . 3 33 32. 33.0 

1C,.ft3?. 7) 36.0? 36.D 3.33 .3Gø2 
39.67 39 # 23 3D.30 33.9 

O 	33) 1.62 .6? 41x37 



U 	.  

AU 	 To 

8 0(2646) 2, 0 25. A 

3 (29 l*) 23.30 3.20 26.11 27400 
90(32.22) 3 . ► 	'4 3143 294? 

O&CO) 33.7t 3340 31.80 2# 
100(3747) 30..20 3.9O 3t,.5 3 *35 

105( 	.) 39. 3042 374 30# 
42#7 1 0Q3.33) 42* 0 t)0#35, woes 

Tha di.vo o *l to of otoiGy tto tc .orctzro totr1bt c  

WtOU0 o a tt of ho :fit that to ci blood toi'cttizo 
tho bow To o r o ult tho tnoz'ocoo n rotboUc hoot 

rato. 2210 eon bo o ►olacsproiotoc&ecU1v co bolotr. 

tuo to aeoco ri Dotc1oUC roto,. too 	2c%t o 
2uol6o tho 	laG oa9Oa. ' tD vi11 ie000 tho boat tvrnofor 
frog tho nn' tho oat Novo of ho bo' orG v i o 
to of qop o, In tho ctoat%7 ototo C d it ion, tho ' I' !oto 
' c i)orat c of blood u U: doe co. 

o 1iatibution of am ooturon 1vrxm b 	( ^c hoc 
o' 	7 O 	t O Wt ) Xis'00rut,n otXninto aornc1 

~ -t O2l3tOT ayotc , 



12 o oLc t o is .p f'or varloUa valuc Ot intot COO1Dt 
ct ?O' 1WOO NIS# a = 32°t 	00?,, , 0°L' auG 6Cot) Cavo bo 

plot oG bo wo coolant t o tov to crn 1ocz'bo t r atw?o. 
000 	o z two for tho diffoOut voluosa. of t 0 ..00 

1a 1800 3t; 

11 a 2400 BtVtu  

an 3 o I 	000 13tu/r 

It o V`oZ2T door ro tho ca on ttt oo tho n1ot 

t oat o ftero oo, tho .uvo born a rto *o aM taro flat# 1. o« 
IaOo tI*tt Xao Za oaooa tI.th tho in roso In tiio .I of coolant. 
t" . 1ct coo1ntcp )oro' o of 600? auG coolant taco tlói rato  
of 67.E Thi can bo lcG to obta hoaG acro tcoaturo 
of, i4 O for ctcibollC rato of 1800 tom, 3~lr,  lr, . tho inlot 
coolant cpporztro of 60? r M O0P and •to f1c, ratan of 
7* Th  /hr 	 1 /n c bo c 1orcG to ot tho hol CO ?Q 
t oiaturoturo of 930P for ro t o1 o rato of 2tCt atm, .: o 
000cyuGI fIroo for 000 !3tu/lw rotabotio rato &Q 3 lb/hr 
is 6 O lb, 	Thus It Is otor that tho ecoLcst turn flo, Iaioroa000 
tiiti t o iner0000 In rot oUc 1,ctoGucUon ratoa. 

~ . J 'ca 	,Ca 5 	a 15 3 oho hot 170 '.c to o of tho brad Coro 
for tfforont t 	f otr rotor and tatabo1ic ratan, Zo rornl a 
oii that Intctt coolant tc o'atuo of OPP anti coolant moo 
V'1 v 

 
to of 10 lbw cz bo wooG to DaIntsl tho hood coro 
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ai 930  v1ci of wotcboUa r to or 170  Dtu/br, iio erooi6n 
qtr 1uo , o? riotaboUc ratoo for 	 l t izaco flott rc to of 30 T' /hr 
5 0 l', .m1 100 lb/hr 	 Q 18O 	237 Std t cs 
thm 3r,r) 3t 	fort cOokLt t orcittaro of (° . t: 00a 

a tm flow rata Of 30 /r . rid L ► lb/hr u4UU bo too ciah to 
nalacaz a cram taDo atUrO Qf 937 tzctho cactont 	oruturo 

1olatioiobix 71 az XXI h7o bocm oot lc c to oco 
fiat n ve cr  bo a n. 	of ootnato,o for roilat tho 
bor t= )c t'aro t 930.' czplo3J1n a df orot eeotctto?ati1røo, 

cnQ C .V"Grc t cool #t tnoo floe ratod (for dl i c c t inot3bolic 
hot roCo2 ratoo ). coca cola tco tile. bo hot fuj 	o2vin  
0 O o)I.z3 S7aluon or aool t t 	'alb C2 1L1 mono floe rato,  

to L'op. ato tho body te. a?aturo . 

17. 

UC 	do o ltcnetuo ojuctionc $vc 	tCbIO. - I tho 
t o G allo txit ragas voro Gr cittc3 for v iou ► uoo or bond 
Cori 	tUrOO. 011 2XIC a QoultO U G ob a c, 

11ca6 	 co ̀  cacOrnt 	a T 1 0tabaic I;ato 

(QC) K cam' 

36 t 
37 611 223 

("3 267 
39 733 erg 

316 
397 36 



o ho c2 coro tcactuDo io ptottc4 ojcntth 
DQtObOUø rr oo By " o tho t otcbotic rc o at 93°1? (nómt 
rcetctt ma' o 10 8tI  cct/bi► cn1 at tO5'1*L ct=1 
on) coo n cax o of ` 	iG) to O2 it e 	o t` tho 

valuo ur notbccla r to hvinorococ 	par c' t h 
tho root tc?attro 2z oo of ?or. c ofovo Cha o is an 
ineoco of 6.6 pop ct of Dot of C rato for `mV 0 E inor000 

in corn 	cs 1Wo' 'h c, molt ;o qr to nar to tbo oot 1 ckiod 

` 	o 

 
of pozitoY.r 7  porcont inorocrno in v o t 1Uo roto 

pry °1? inCOOO 	 c tW O [[6] . ,At icutt i botcxm tho 
roouito iay bo duce to coo orx'oD 10 tho pora3otoro tom. in 

Tho 00601 c,uo.oto6 bore ic b< t * VIM tho Other 
protouo 	oto in tho fotloutni,o Doc D, 

1. ! o oteb oont io r osinca tø bo dI tXk In fco lc'ora 

►i * eoro0 nzc,elo, fat cn3 min. io poo r edia ha'io 

oltho `tiao or ' it'o lcrorc, in Cie oo p t. 2horofoo in tho 
)POJ' Codol the t(QtU1IO ;' OtribZ ti i ► COO 1GOcO dblOw 

2. Thci take a zro of bio6 ouin in w iouo on to zo a 
to be bots ro ao at t)o3aw3a the aroo of allthe barn 
of all co OO f tO c, uoll cia their t cz: ctur0 3 va bocce 
tact into tieeoun 3i!"  W' 110 coloultth . aoan anpo1y+ a to r o of 
blood, 

3 4 " t lost by the blood Com; to hand c1 fit (Uir oro 

ctl iooQ oc cCti.7Ol7) to to orio rir loo hcii bon t cm 

into uceount Un othor eoticito the U004CIVoti GOOD 
the c; tv 1oct3 ecq 	). 



M! 

D. a to to bolt root by tho blood 	to Ada =0 toot 
(2o icitcflo6. ft 3) tho 	apotuo off' to blood zi theao  
au to In to1zc 	bo C*; °C ,OD thc the a mtrc "b].00tl 

tc 3or3t a U+► 

* dot loot 	the tuno 10 tkcfl xLto c.oconnto 

` o oro n the rouitc r be âuo to it.i 'opo c uev 
O ' tTkO X =01two 	the ezt ►t tion Tho p oto' tion 
do o e o rot otu8ci1 v€ co tontionosrioro, but two the 
Val'ZOO t1su l fl tIO' OK by y eo Qtiorkor. Oir valum Oro 
r3a 

 
ntZr tha eco wcd by y +O flU t o*d c ►mye [I)+) on 

(to). 	outo or ttho be noitio  
obtt4rrj tAC 	cpr1cto va uo o ` the coitcmto.  

CFRITAA, l rnn *eq 



i 	- 	 ~ i tz o~,.l 



' o opL 	' otLout (R.Q.)  La Attio oto of ia 

a co 'bod froc] 'ctio iiu o In on ] t.auo.  

'A cR 

i , -s s. 	~r i 	a .esr o _ Il w 	f 	. ~ 	s .~ 	~ a ~ 	~ ~ 	• 	„ ~ 1 +~ ! ■ 	• - ~ 

$" ~ 'Yt'r 4 	sr 	It ..G 	i 	f 	} dB 	i'+4 	iT~ 	
y,. 	$ 3 # 	.'~ 	}. ■ 	< (~ ~• 	'~E' 	4 	~- a. _ 

i i 	~4 i 	1 ~► 	I» 	i 	♦~ 4 	s f 	+r ~ 	w 	r .y ~ 	i_ 	!■ 	8. i t 	r lC 

4 	8 	i 	i 	• ~,'! 	1 'A 	d j 	P / _. k~b 	" 	/ 	°fit. 	-~ I~ 	Sl.. ! 

b Lx es oaioLc3tor wife I 1Lto of orGon, £ t 10 found that 
,pu oarboh`dr ato (a■ Q ' 1) 'io2d about 5 & Cal$ 	o tat 
(aq 0.1) $OIAO about 4..0 It 0810 ana V Ia 	u of c 
b7 ato an fat (fail. botwoon 0.7 an 1.0) GIvoR bci ao 4.8 
a 10 . 

r b .f ` ■ f 	■ 	: e 	a d r 	s H ■ 	• 	E. 	 i. 11 	♦ '. r 	aF 	r 	IRM 	} 	i 	~.s 

le an the boat pDoóuotLon can DO 4otormLn. ^ i .O If f. Q,° 0.8 
(caloriflo s ,uo per 1I a .02 = 4..875) as 0. oonownptton vor 
Di 	lb 0,25 1jtro than the boat produotion or aIto to 

0,2 n 4.075 a 1.22•g Oa I. 

CilMoa134r tboata 1io rato un ox goritLc, of oo 1oto 
rout a d faotir (bciozg ctabo2Lo ►to) La cal z1at 	art tho 
O Qn oort3uuptton alOZ2 . 



2m* 

1P1r- 

t 	!' 	# 	~ 	oc'f° 	y• 	rim°y~, 	a 	; 	.` e 	_ y; 	k 

UMOJ ` titan 	tooa OOtJ 4O tt$O t.eo at coL lOto boilr 
ai4 p70ieaivoatp 1 2a8 bou o Gtor a a3, (pontoerpttvo  

"w ?t o banal notcb itorito rt tho 1c of popctbio loyal 
to rrbich the metabo om can £aU Ln a rnabooti I  c be to oz'o4 
`ttbczr, for e. by ctcxration or thyroid daft ony0 I to 

of 1!` of tcO ao the motabolioin uMcr o rAdard roo ix aonitiono. 

0Uict43y D i 4.R. to o proOsed eia apo lontrjo above or 

3e fl R. of +50 moano on 	 i,oh to 50 par corr abovt the zvtl 

average fox that porn. 

'rhonl ra of metabolio In people of iontioal 
phyotoal otatuc nay v t common y by , 0 pray *oat ant1 r=ly 
en by as Weh aa 2Q pox' cent. 

lotod to the ourfaco area aM to 1000 directly related to 
bo jbt or oijbt, The ourfaco area can be calculated from the 
2OUo iv3 fO. rtl if the ho ht aM iaibt ore ltuD1n. 

Boa25  



coigh InZQ;a 

1noccio40KocZ s  car. I c o 	t 37 1oc1, 
tit a&von of awry hour a trgpmn of bo6ij ctg2coo ( i o ourfaco 
+c a of on ovoraje a41t io about 18 Oo2) g or QPrOCO. in 
torn of body uoiabtD  tho bo zetbi,iioz oiounto 1 to u 
I Kca2/kgJhr,  ho VWMM gzotod forotoboUe ra o a a O 

rnL valuoc, 

2 	Tbo b r l otboUoza to oofloiaoDb2y g '0c c o ,par aoq. 
rotor of nz&ooa In obU4rca tt 	odu1 c 4 'hero ic a furthor 
, radua1 foU in ' to otbWxn 4urirj+ `nit Ifo co c b cdn000. 
Toco t to oo cbm in tho two boil.. 

i o 1 YOM  
ih aq# i:.V SIV 	poAs hr. 

A' 	o POE 10 

2 57.0 52,5 
6 53.0 30.6 

51,8 47.0 
10 48.5 45.9 
16 45.7 33.8

.  

20 41.4 36.1 
30 39,3 55,7 

3000 5 #7 
sv 56.7 34.0 
60 35,5 32.6 



'~ 	/ ' 1 	~' 	 + . ► _ r 'e 	• t. 	n.r • 	ty . 	z 7 	i. 	seal; • 	i i 	# 	i e 

Bo! .■irQ 	r 	i # 	• 	Nt `.fllM 1 	4 t 1a 	tit ~{ 	'~ ` i0.~~4 ~ ` 	t• • 

/`. 	.n t::~ 	. Lilf 	• 	Ll • ~.. t}'1 	.j 	=.-,'k j 	Q 	~! 	I. 	k..f.. 

r. 
1' ± 	L• . ai#. 	• it -_ '~ 9 	L 	~ 6 	1 	A T 1 	i 	• f 	c * t °! 	Y 	1+{+~' 	Y 	#lt' 	0 [ • 

p a 	. i f °.• 	.. i~. i 	! r 	li 	•.a t t 	fF !. w 1 	! A t 	`_ 4!4 	f 	A i} 	lI,A 	i 	~1 	't~/ a 	'i 1 
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1 	 , a $ For a! O y a 16 	1° in the Leto 
tornperoturo of body tho baoc xotab ,U t nQ'r'oac .4 by 7 Por cont, 
' 'bo oborniea1. rocotiono of the body0 i o thoco muriza in 4 
toot tube0 ore O OCGQd u by a roo of temporutur. Thug a pc tIont 
outtorin from p wn nio with z; tomp oto of tat (about 71? 

c%boo normtil) would ho n i. roaeo of 50 por coat in b e 
l m (end In hie pal rnary vont u n) bocauco of for 

o 	 ;F F 	I po 	o4 	cccothe . 

jOtQbO1iO , thoro ic OOU oc; OEt 	aa+ 4 boot pr3 1 On tbLob  

o2po t0 £laPntc4fl tho ntzX body tot3po rturo o 1zpoouro to 
cton1 boat of b +2 duration boa &tflo of toot on ietob3iiox3, 
cc 4 onpo*oation l@ OffOOtGd Qi1ybyi'l romin beat 1600o if 

e ozpocuro So p ion o a gro4w3. fall In ttio rotabolio rote 

tt o ti plexor 

6. 	G1JDj 

(1) Tho aotivo prineiplo of tho timid ci - thyroin&x 
ceto an a Comral data yct v apoodinj up tho sotabolio aotiitioo 
09 the fiCOU00.. 
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OoOLO OZ1 of the aottvo prirtgplo of the # It s tio bcc 
i otaboli 	y £neroaoo in a ce oro oc o upto double bo 
normal (Loco the DONOR, to upto • 100). In t ZooAo t n 
t,iiob them to looco d coorotion of thyrozi l , tabol10 
etivity nzy be 4opr0000 to 60 par cent or 70 per cent of 

he nom* 
(U) !z'ena1in tzcroiLo the iettboltc ' to, but to a 

loss extent than thyroxiro. 

U ti) The inotorior pitufl.tary i `luo oc the rrotzbolto 
rate indiz ootiy throu b tte thyrotroybLo horono.  

7. 	In certain othor oontUtione there io an inoacod 
metabolic rate for very clear roaocn. 

8, 	The t1dn of food Otlotoo aetboliem. hrs effect 
:,d r w• ». + tis- sr 	^h M 	* a~aEa 	",~ 	r ""a ; .a; 

leant with a rbobydratee and fat# cnI re tootwith protein. 
If '125 m. of protein in the form of stent are eaten at on 
anal, the znotabolioni rioco to reach a smzimuz of tar 35 bourn 
anL then alcwly dooltn3al a peat pcont o irioeeoo to 
10'35 per cont3 the 'off itreaoc in zotciboitet er o r o 
20 Per not. 

9. 	Laot3y1 ar moot Important, there io an iroaoo in the 
tabu a with nuecular ark. Durix o1rory violent o rotco 

the OJCan COXOWpttOn par of to may riGO trot) 20 ol to 
1ttrec o or oven amro $ .o. the cotaboliom I ' iiroaco over 

16 me. 
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VQIUOD eye'` for 154 lb 	cn do zt .i l o root panao ) 

1ottvity 	 1'1 Btu/ r. 

sittLI3 quitoly 

Sittiij coato em aM trt& iivomonta  
(o,6, dock worn typi ) 
Sittirg 4orato aria and log OVfl13J.tt8 
(0990 p1gyi oxonav d Z.vi car In traffic) 

male•  A tt 

4ttii a PloLav' cruf ant 1c mo `otontt g 

$tt ndL 	U bt Work at mtxebtnQ or bo ht 
oo t s iz~j about, 

c.riM +a r na, ~F• 

250 

400 

450.550 

550.650 

550450  

650.800 

60c750.  

750a4000 

LAitin5 about with  ititb Borate lUtin3 or p aobixj 1000.1400  

intorrittont Lo v liftizj pucin or 
pu1linj(o., . pLot aM ebovol wor1r) 	1500.2000 
He doot at of n tsort 	 2000.2400 
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