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WEARABLE, WIRELESS OXIMETER 

I n  t rodu c t i  on 

Th i s  i s  t h e  f i n a l  r e p o r t  f o r  a Wearable,  Wireless Oximeter,  w i t h  blood 
p r e s s u r e  measurement c a p a b i l i t y , w h i c h  was developed f o r  h e s  Research C e n t e r ,  under  
C o n t r a c t  NAS2-1362. 

The purpose o f  t h i s  r e p o r t  i s  t o  summarize t h e  s a l i e n t  p o i n t s  of t h e  d e v e l -  
opment program. 

A b s t r a c t  

The oximeter  development program w a s  proposed b e c a u s e  i t  was though t  t h a t  

The 
cer ta in  improvements, such  as t h e  u s e  of i n t e r f e r e n c e  f i l t e r s  and improved d i l a t i o n ,  
would overcome many o f  t h e  d i f f i c u l t i e s  e x p e r i e n c e d  w i t h  p a s t  ear ox ime te r s .  
development was based on t h e  p remise  t h a t  t h e  narrow band o p t i c a l  f i l t e r s ,  t o g e t h e r  
w i t h  good d i l a t i o n ,  would p r o v i d e  a c c u r a t e  r e s u l t s  t h a t  would be  r e p e a t a b l e  between 
i n d i v i d u a l s .  
due t o  s p e c t r a l  changes i n  lamp, d i f f e r e n c e s  i n  s k i n  pigments  o r  changes i n  t h e  ab -  
s o r p t i o n  c h a r a c t e r i s t i c s  o f  t h e  b lood .  Improved d i l a t i o n  would r e s u l t  i n  a f i e l d  of 
view which c o n s i s t e d  p r i m a r i l y  o f  a r t e r i a l  b lood .  Th i s  i s  v e r y  i m p o r t a n t ,  as t h e  
p r e s e n c e  of venous blood would c a u s e  e r r o r s  i n  t h e  o u t p u t ;  e s p e c i a l l y  i f  t h e  r e l a -  
t ive  amounts of  venous and a r t e r i a l  blood v a r i e d  from t i m e  t o  t i m e ,  o r  from p e r s o n  
t o  p e r s o n .  

The narrow band o p t i c a l  i n t e r f e r e n c e  f i l t e r s  would minimize t h e  e r r o r s ,  

The p o s s i b i l i t y  t h a t  t h e  dev ice  c o u l d  a l s o  be  u s e d  t o  make.blood p r e s s u r e  
measurements was based  on t h e  i d e a  t h a t  t h e  b lood  volume i n  t h e  ear l o b e  would b e  
a f u n c t i o n  of  t h e  b lood  p r e s s u r e .  The I R  channe l  o f  t h e  ox ime te r  would be  u s e d  f o r  
t h i s  measurement s i n c e  t h i s  channe l  responds t o  b lood  volume o n l y  and ,  u n l i k e  t h e  
r e d  c h a n n e l ,  does no t  r e spond  t o  changes i n  b lood  oxygen. 

Summary of R e s u l t s  

An ear ox ime te r  was c o n s t r u c t e d ,  u s i n g  t h e  o p t i c a l  i n t e r f e r e n c e  f i l t e r s  and 
a v e r y  tho rough  s t u d y  of  d i l a t i o n  was done. An a d d i t i o n a l  f e a t u r e  o f  s o l v i n g  t h e  
e q u a t i o n  o f  ox ime t ry  a u t o m a t i c a l l y  i n  t h e  i n s t r u m e n t  e l e c t r o n i c s ,  t o  f u r t h e r  
enhance t h e  a c c u r a c y  of t h e  u n i t ,  was a l s o  i n c l u d e d ,  
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Ear P i e c e  

The e a r p i e c e ,  ichich u t i l i z e d  the i n t e r f e r e n c e  f i l t e r s ,  was c o n s t r u c t e d .  A 
un ique  d e s i g n  f e a t u r e  was i n c o r p o r a t e d ,  which c o n s i s t e d  o f  a small l i g h t  p r i s m ,  
a l l o w i n g  b o t h  r e d  and I R  c h a n n e l s  t o  s h a r e  t h e  same f i e l d  o f  view. The r e s u l t s  met 
e x p e c t a t i o n s  w i t h  r e s p e c t  t o  i t s  d e s i r e d  o p t i c a l  c h a r a c t e r i s t i c s .  The f i l t e r s  
worked s a t i s f a c t o r i l y  and t h e  l i g h t  prism was e f f e c t i v e  i n  p r o v i d i n g  a f i e l d  of 
view s h a r e d  by b o t h  r e d  and I R  c h a n n e l s .  The ear p i e c e  was somewhat l a r g e r  than 
a n t i c i p a t e d .  Th i s  was due t o  s i z e  o f  t h e  i n t e r f e r e n c e  f i l t e r s .  They were c u t  from 
l a r g e r  p i e c e s  and t h e r e  was a s i z e  l i m i t a t i o n  on what c o u l d  be c u t  s a t i s f a c t o r i l y  i n  
t h i s  way. 

E l e c t r o n i c s  

The e l e c t r o n i c s  was d e s i g n e d  t o  s o l v e  t h e  e q u a t i o n  o f  ox ime t ry  which i n -  
v o l v e s  c o n v e r t i n g  t h e  o u t p u t  of  t h e  p h o t o c e l l s  t o  a l o g  f u n c t i o n  f o r  b o t h  r e d  and 
I R  c h a n n e l s .  
d i v i d e d .  Th i s  was a l l  accomplished i n  a small package ( c i g a r e t t e  package)  w i t h  a n  
o v e r a l l  a c c u r a c y  of  5%. The computer was des igned  t o  o p e r a t e  ove r  a r ange  o f  4 t o  
1 i n  ene rgy  leve l .  T h i s  shou ld  b e  s u f f i c i e n t  t o  accoun t  f o r  t h e  v a r i a t i o n s  i n  t h e  
t r a n s m i s s i o n s  o f  t h e  ear l o b e s  f o r  most i n d i v i d u a l s .  

The b l o o d l e s s  v a l u e s  must b e  s u b t r a c t e d  and t h e  r e s u l t s  must b e  

The e l e c t r o n i c s  was d e s i g n e d  t o  o p e r a t e  from b a t t e r i e s  o r  from 115 v o l t s ,  
60 c p s  power. The b a t t e r i e s  were chosen t o  l a s t  a t  l ea s t  8 hour s  and t h e  s i z e  of 
t h e  b a t t e r y  pack i s  abou t  twiice t h a t  of t h e  computer.  The computer was des igned  t o  
o p e r a t e  d i r e c t l y  i n t o  a r e c o r d e r  o r  t e l e m e t r y  system when o p e r a t e d  on b a t t e r i e s .  
I f  115 v o l t ,  60 c p s  power i s  used ,  t h e  o u t p u t  may be  obse rved  on a p a n e l  meter. 

D i l a t i o n  

A v e r y  thorough s t u d y  o f  d i l a t i o n  t e c h n i q u e s  was made. S L X  medical  d o c t o r s  
were c o n s u l t e d  and several t e c h n i q u e s  and d r u g s  w'ere t r i e d .  The r e s u l t s  of  t h i s  
s t u d y  were v e r y  d i s a p p o i n t i n g .  The drugs used  were e i t h e r  i n e f f e c t i v e  o r  t hey  re -  
s u l t e d  i n  u n d e s i r a b l e  s i d e  e f f e c t s .  I n  no case d i d  t h e  u s e  of d rugs  r e s u l t  i n  
d i l a t i o n  t h a t  wtas a n  improvement ove r  t h a t  which r e s u l t e d  from t h e  ear p iece  ene rgy  
s o u r c e .  

Te leme t ry  

During t h e  c o u r s e  of  t h e  development, t h e  r equ i r emen t  f o r  t e l e m e t r y  was 
d e l e t e d .  Th i s  came b e f o r e  any  s i g n i f i c a n t  work on t h i s  p o r t i o n  of  t h e  program was 
done.  

2 .  
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Calibration 

The most difficult part of the whole program was the calibration of the 
instrument. The ideal way is to place the instrument on a subject, monitoring his 
arterial oxygen content, by means of an arterial tap and a Van Slyke analysis, then 
varying his oxygen content, by having him breath various oxygen mixtures, This 
method, however, was beyond the scope of the contract. Therefore, calibration was 
accomplished by the above method with the exception of the arterial tap. 

Oxygen Content 

Several attempts were made to calibrate the instrument on different subjects, 
It was found that the 100% point was considerably different for different subjects. 
The difference in extreme cases was as much as the total span of the instrument -- 
that is, 100% to 60%. This was disappointing because it should not have occurred 
if our theories had been correct. The instrument span, or change, with changes in 
oxygen content, was reasonably equal between subjects. 

Blood Pressure 

Several attempts were made to determine the ability of the instrument to 
A definite correlation between blood pressure and blood measure blood pressure, 

volume was revealed. The modulation of the IR channel was about 10% with a 30 nun 
Hg change in blood pressure. This change was masked by changes in blood volume 
caused by heat dilation. 
tive one instead of an absolute measurement. 

Therefore, the blood pressure measurement would be a rela- 

Discussion 

The following is a detailed discussion which expands on the items mentioned 
in the summary of results. 

Ear Piece 

The ear piece consists of a light source, an optical filter and 
photocell for the IR and Red channels, and a method for occluding 
the ear so that a bloodless reading could be obtained. 

Optical Filters 

Interference filters were selected because of the narrow band- 
width that can be achieved. The filters chosen were 660 m b  
for the red and 826 rnF for the IR. These are somewhat higher 

3 .  
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than  t h e  t h e o r e t i c a l  v a l u e s  of 640 m p  and  800 m , u  . 
h i g h e r  v a l u e s  were chosen  because  t h e  i n c i d e n t  l i g h t  i s  n o t  
c o l l i m a t e d  because  o f  t h e  s c a t t e r i n g  due t o  t h e  e a r .  When 
t h e  i n t e r f e r e n c e  f i l t e r s  are  used w i t h  i n c i d e n t  energy  n o t  
p e r p e n d i c u l a r  t o  t h e  p l ane  o f  t h e  f i l t e r ,  t h e  c h a r a c t e r i s t i c s  
a re  changed. The f o l l o w i n g  t a b l e  shows t h e  t r a n s m i s s i o n  and 
c e n t e r  f r equency  change w i t h  i n c i d e n t  l i g h t  a n g l e .  A 617 m g  
f i l t e r  was used  f o r  t h i s  t e s t .  

The 

I n c i d e n t  L i g h t  Angle Center Wavelength m p  Transmiss ion  % 

900 

60° 
450 

617 33 
592 16 
575 4 

The r e s u l t  o f  s c a t t e r e d  l i g h t  i s ,  t h e r e f o r e ,  a n e t  s h i f t  of 
t h e  center wlavelength t o  a s h o r t e r  wavelength ,  and a n  increase 
i n  t h e  bandwlidth. The bandwidth o f  t h e  f i l t e r s  w i t h  c o l l i m a t e d  
l i g h t  i s  15  m p  , The f i l t e r s  f o r  t h e  e a r p i e c e  wlere c u t  from 
a 2" squa re .  The f i l t e r  was f i r s t  c u t  i n  h a l f  wlith a diamond 
saw. The edges  were then  c o a t e d  w i t h  a n  epoxy. Then one of  t h e  
h a l v e s  was c u t  and  c o a t e d  - and so  on - u n t i l  t h e  d e s i r e d  s i z e  
was ach ieved .  The c u t  f i l t e r  was i n s p e c t e d  v i s u a l l y .  Any 
s e p a r a t i o n  i s  e a s i l y  seen  and m a n i f e s t s  i t s e l f  as a d i s c o l o r a -  
t i o n .  One  c u t  f i l t e r  w a s  checked on a spec t ropho tomete r  and  no 
ill e f f e c t  wias obse rved .  

P h o t o c e l l s  

Pho toconduc t ive  cel ls  were chosen,  since t h e s e  y i e l d  much h i g h e r  
s i g n a l s  t han  p h o t o v o l t a i c  c e l l s .  The i n d i v i d u a l  c e l l s  were chosen  
f o r  maximum s e n s i t i v i t y  a t  t h e i r  r e s p e c t i v e  wavelengths .  The r e d  
c e l l  i s  a C l a i r e x  CL-607, and  t h e  I R  c e l l  i s  a CL-604. 

Energy Source 

The c r i t e r i o n  f o r  t h e  c h o i c e  of a n  ene rgy  s o u r c e  was maximum 
ene rgy  f o r  minimum power i n p u t  i n  t h e  % - w a t t  r ange .  
i n  t h e  u s e  of  a t u n g s t e n  lamp, No. 60, manufac tured  by t h e  Los 
Angeies ivi iniaiure  P roduc t s  Company. .The iamp consumes a p p r o x i -  
m a t e l y  0 .6  t o  0 .7  wat t s .  

Th i s  r e s u l t e d  

4 .  
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L i g h t  P r i sm 

The l i g h t  p r i sm t r a n s m i t s  t h e  l i g h t  from t h e  ear t o  each of  
t h e  p h o t o c e l l / f i l t e r  combinat ions.  It i s  e s s e n t i a l l y  a t h r e e -  
s i d e d  d e v i c e .  O n e  s i d e  f i t s  a g a i n s t  t h e  ear, and t h e  o t h e r  
two s i d e s  f i t  a g a i n s t  each  o f  t he  two p h o t o c e l l / f i l t e r  combina- 
t i o n s .  The pu rpose  of t h e  l i g h t  p r i s m  i s  t o  p r o v i d e  each o f  t h e  
two p h o t o c e l l s  w i t h  t h e  same view. 

Occluding Device 

A mechan ica l  clamp was provided t o  o c c l u d e  t h e  ear i n s t e a d  of 
t h e  c o n v e n t i o n a l  i n f l a t a b l e  rubber  dam. The r u b b e r  dam was 
t r i e d ,  b u t  i t  d i d  no t  o c c l u d e  t h e  ear s u f f i c i e n t l y  t o  p r o v i d e  
a t r u e  b l o o d l e s s  r e a d i n g .  The mechan ica l  clamp c o n s i s t s  of a 
moveable p l a s t i c  l e n s  which clamps t h e  ear between i t  and t h e  
l i g h t  p r i sm.  The p l a s t i c  l e n s  i s  moved by means o f  a s o c k e t  
head screw l o c a t e d  i n  t h e  earpiece. The re la t ive  p o s i t i o n s  o f  
t h e  s o u r c e  and t h e  l i g h t  p r i sm remain unchanged d u r i n g  t h e  clamp- 
i n g  o p e r a t i o n .  

E l e c t r o n i c s  

The e l e c t r o n i c s ,  o r  computer,  c o n s i s t s  of  a network t h a t  con- 
ver t s  t h e  s i g n a l  from t h e  p h o t o c e l l s  t o  a l o g  f u n c t i o n ;  a c i r -  
c u i t  t h a t  s u b t r a c t s  t h e  b l o o d l e s s  v a l u e s  and a c i r c u i t  t h a t  
d i v i d e s  t h e  d i f f e r e n c e  netween t h e  b l o o d l e s s  and t h e  blooded 
Red by  t h e  d i f f e r e n c e  between t h e  b l o o d l e s s  and t h e  blooded I R .  
The r a n g e  o v e r  which t h e  computer was d e s i g n e d  t o  work i s  8 t o  
1, f o r  t h e  I R ,  and 16 t o  1, f o r  t h e  Red. Th i s  g i v e s  a u s a b l e  
r a n g e  o f  4 t o  1 i n  ear t r a n s m i s s i o n .  The change o f  ene rgy  due 
t o  t h e  b l o o d l e s s  v e r s u s  t h e  blooded i s  abou t  a f a c t o r  of  2 f o r  
b o t h  t h e  Red and t h e  I R .  There i s  a n  a d d i t i o n a l  change i n  t h e  
Red o f  a f a c t o r  o f  2 ,  due  t o  changes o f  oxygen c o r r e s p o n d i n g  t o  
t h e  i n s t r u m e n t  f a l l  span of  about 40%. 

The netwlork f o r  p roduc ing  a log f u n c t i o n  f o r  t h e  I R  p h o t o c e l l  
was m e r e l y  a ser ies  and shun t  r e s i s t o r .  Th i s  was no t  p o s s i b l e  
f o r  t h e  Red p h o t o c e l l ,  and a diode f u n c t i o n  g e n e r a t o r  had t o  be  
i n c l u d e d  t o  produce t h e  r e q u i r e d  r e s u l t .  

The s u b t r a c t i o n  o f  t h e  b l o o d l e s s  v a l u e s  w a s  accomplished by 
b i a s i n g  t h e  o u t p u t  o f  t h e  l o g  c i r c u i t  such  t h a t  t h e  b l o o d l e s s  
r e a d i n g s  are z e r o .  Th i s  i s  accomplished by p o t e n t i o m e t e r s  f o r  
e a c h  o f  t h e  two c h a n n e l s .  When t h e  ear p i e c e  i s  unclamped t o  
p r o v i d e  t h e  b looded  r e a d i n g s ,  t h e  v o l t a g e  o u t p u t  from t h e  log  

5. 



. 
" 

~ Beckman. ~ INSTRUMENTS INC 
t - - 

~ ______ 

TECHNICAL REPORT 

TM 194 

c i r c u i t s  i s  t h e  d i f f e r e n c e  between t h e  b l o o d l e s s  and blooded v a l u e s ,  

The o u t p u t  o f  t h e  Red l o g  c i r c u i t  i s  d i v i d e d  by t h e  o u t p u t  of  t h e  
I R  l o g  c i r c u i t  by c o n t r o l l i n g  t h e  a m p l i t u d e  of a 100 c p s  s q u a r e  
wave w i t h  t h e  Red o u t p u t  and the  w i d t h  of  t h e  s q u a r e  wave w i t h  t h e  
I R  o u t p u t ,  Th i s  i s  accomplished as f o l l o w s :  The Red o u t p u t  i s  
connec ted  t o  t h e  o u t p u t  a m p l i f i e r  t h rough  a g a t e .  The I R  o u t p u t  
i s  pas sed  th rough  a n  i n t e g r a t o r  and a n  a m p l i t u d e  d e t e c t o r .  The 
Red channe l  g a t e  i s  t u r n e d  on when t h e  i n t e g r a t i o n  i s  s t a r t e d ,  and 
t u r n e d  o f f  when t h e  i n t e g r a t o r  o u t p u t  r e a c h e s  a p rede te rmined  v a l u e .  
The t i m e  d u r i n g  which t h e  g a t e  i s  on i s  i n v e r s e l y  p r o p o r t i o n a l  t o  
t h e  I R  o u t p u t ,  A f t e r  t h e  g a t e  i s  t u r n e d  o f f ,  t h e  i n t e g r a t o r  i s  
rese t  and t h e  c y c l e  r e p e a t e d ,  The r e s u l t  i s  a 100 c p s  s q u a r e ,  t h e  
area of  which i s  a f u n c t i o n  of oxygen c o n t e n t .  

The i n s t r u c t i o n  manual f o r  t h i s  i n s t r u m e n t ,  1M 188, i n d i c a t e s  t h a t  
t h e  b l o o d l e s s  r e a d i n g s  are a d j u s t e d  t o  y i e l d  meter r e a d i n g s  o t h e r  
t h a n  ze ro .  Th i s  i s  because  t h e  l o g  o u t p u t  c i r c u i t s  a re  s i n g l e  ended,  
and do n o t  q u i t e  go down to  zero.  The re fo re ,  t h e  b l o o d l e s s  v a l u e s  
t h a t  co r re spond  t o  z e r o  i n  t he  l o g  o u t p u t  a re  u s e d  f o r  a d j u s t m e n t .  
These v a l u e s  w i l l  v a r y  from one i n s t r u m e n t  t o  a n o t h e r  because  of  d i f -  
f e r e n c e s  i n  t h e  o f f s e t s  of  t he  a m p l i f i e r .  The l o g  o u t p u t  c i r c u i t s  
become o p e r a t i v e  w e l l  b e f o r e  t h e  blooded v a l u e s  are  r eached .  

Te 1 erne tr v 

It  was o r i g i n a l l y  i n t e n d e d  t o  t r a n s m i t  t h e  o u t p u t  o f  t h e  i n s t r u m e n t  
w i t h  m i n i a t u r e  t e l e m e t r y  system. Th i s  r equ i r emen t  was waived i n  
August 1964. Th i s  l e d  t o  t h e  a d d i t i o n  of  a meter box so t h a t  t h e  
b l o o d l e s s  r e a d i n g s  c o u l d  b e  s e t  and t h e  o u t p u t  monitored w i t h o u t  
a u x i l i a r y  equipment.  A power s u p p l y  t o  o p e r a t e  from 1 1 7  v o l t  60 c . p  
power was a l s o  i n c l u d e d  f o r  convenience.  

S .  

D i l a t i o n  

S e v e r a l  schemes t o  a c h i e v e  d i l a t i o n  were a t t e m p t e d  w i t h  l i t t l e  s u c c e s s .  
A summary o f  t h e  methods t r i e d  i s  g iven  below. 

1. k!FstamFr?P, 1pTlied hy electrnphoreeis: 
2 .  N i t r o g l y c e r i n  ointment .  
3 .  N i c o t i n i c  a c i d  ointment .  
4 .  Methyl S a l i c y l a t e .  
5. Heat. 

6 .  
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H i s t a m i n e  d i l a t i o n  appea red  t o  be t h e  most promising,  e s p e c i a l l y  w i t h  
t h e  r e s u l t s  shown by E l a m  i n  h i s  pape r  on t h e  "Source o f  E r r o r  i n  Oximetry", 
A n n a l s  o f  Surgery,  October ,  1949. The method o f  a p p l i c a t i o n  of t h e  h i s t a m i n e  
was similar t o  t h a t  u s e d  by Elam. A one cc aqueous s o l u t i o n  c o n t a i n i n g  
2 . 7 5  mgm of  h i s t a m i n e  a c i d  phosphate  was p l a c e d  on a p o s i t i v e  e l e c t r o d e  
clamped t o  t h e  ear l o b e .  
E l e c t r o d e  p a s t e  was a p p l i e d  t o  t h e  n e g a t i v e  e l e c t r o d e  t o  p r o v i d e  b e t t e r  
c o n t a c t .  C u r r e n t  w a s  a p p l i e d  a t  t h e  ra te  o f  1 m a  f o r  10 minu tes ,  3 ma f o r  
3 minu tes  and f i n a l l y ,  5 ma f o r  5 minute.  Th i s  method was determined t o  b e  
u n s a t i s f a c t o r y  because  of  severe edema t h a t  r e s u l t e d  i n  some i n d i v i d u a l s ,  
The edema a c t u a l l y  caused  a r e d u c t i o n  i n  b lood  volume. 

The n e g a t i v e  was c l i p p e d  t o  t h e  p inna  of t h e  ear .  

N i t r o g l y c e r i n  Ointment 

A n i t r o g l y c e r i n  o in tmen t  was t r i ed  on t h r e e  s u b j e c t s .  Th i s  method was con- 
s i d e r e d  u n s a t i s f a c t o r y  because  i t  caused  v e r y  severe headaches on a l l  t h r e e  
s u b j e c t s  . 

N i c o t i n i c  Acid Ointment 

Mix tu res  of  2% and 5% n i c o t i n i c  a c i d  ointment  were t r i e d .  Th i s  method d i d  
n o t  produce any s i g n i f i c a n t  d i l a t i o n .  No o t h e r  ill e f f e c t s  were n o t i c e d .  

Methyl S a l i c y l a t e  

T h i s  method produced no s i g n i f i c a n t  d i l a t i o n s ,  

Heat - 
Heat d i l a t i o n  was a l s o  t r i e d .  
l i g h t  s o u r c e ,  was a p p l i e d  w i t h  a small h e a t i n g  pad. Th i s  c a u s e s  a n  i n c r e a s e  
i n  b lood  volume b u t  does not  appear  t o  a r t e r i a l i z e  t h e  b lood ,  s i n c e  t h e  
i n s t r u m e n t  does n o t  show an i n c r e a s e  i n  oxygen t e n s i o n  when h e a t  i s  a p p l i e d .  

Heat, i n  a d d i t i o n  t o  t h a t  g e n e r a t e d  by t h e  

Another method, n o t  mentioned i n  t h e  summary, was t r i e d .  Th i s  method would 
b e  u n s a t i s f a c t o r y  f o r  p r a c t i c a l  u sage .  It i n v o l v e s  h e a t i n g  t h e  s u b j e c t  t o  
a b o u t  lo F above body t empera tu re  w i t h  a s u i t a b l e  h e a t i n g  b l a n k e t .  
have shown t h a t  t h e  c i r c u l a t i o n  c l o s e  t o  t h e  s k i n  i s  i n c r e a s e d  markedly,  

T e s t s  

7. 
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ear l o b e s  would behave i n  t h e  same f a s h i o n .  Thi s  method was t r i e d  on two 
s u b j e c t s  w i t h o u t  s u c c e s s .  
e f fect  on t h e  r e a d i n g s .  

The h e a t i n g  of t h e  body had e s s e n t i a l l y  no 

8. 


