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The hea t -conduc t ing  m i c r o c a l o r i m e t e r  desc r ibed  cons i s t s  of two c a l o r i m e t r i c  e l emen t s ,  t h e r -  
m o s t a t i c a l l y  con t ro l l ed  units ,  and a m i r r o r  ga lvanometer .  The c a l o r i m e t r i c  e lements  each 
have 132 c o p p e r - c o n s t a n t a n  wi re  junct ions.  The sens i t iv i ty  of the ins t rument  is  17.6 x 10-6W. 
The appa ra tus  has been used to de t e rmine  the energy  exchange of i so la ted  an imal  organs .  

The w r i t e r  has des igned,  bui l t ,  and t e s t ed  a m i c r o c a l o r i m e t e r  (Fig.  1) cons i s t ing  of two c a l o r i m e t r i c  
e lements  (1), a me ta l  unit (2), two cones (3), a r e c o r d i n g  ins t rument  (4), and a t h e r m o s t a t i c a l l y  con t ro l led  
jacke t  (5). 

The c a l o r i m e t r i c  e lement  cons i s t s  of an inner  she l l  on the outer  wall  of which a r e  secured  66 "work-  
ing" c o p p e r - c o n s t a n t a n  junct ions ,  and an outer  she l l  to which the "ze ro"  junctions a r e  fixed. The inner  
she l l  cons i s t s  of a turned  b ronze  cy l inde r ,  25 mm in d i a m e t e r ,  100 mm high, and with wal l s  0.2 mm thick.  

The s y s t e m  of the rmocoup les  of each of the two c a l o r i m e t r i c  e lements  is  a de tec to r  t he rmop i l e  con-  
s i s t i n g  of 132 s e r i e s - c o n n e c t e d  junctions of copper  and constantan wi re .  The t he rmop i l e s  of the two e l e -  
ments  a r e  connected to the t e r m i n a l s  of the r e c o r d i n g  ins t rument .  

The meta l  unit des igned to s t ab i l i ze  the t e m p e r a t u r e  of the inner  she l l  of the c a l o r i m e t r i c  e lements  
cons i s t s  of two b e l l - s h a p e d  hoods cove r ing  these  e lements  and a common c y l i n d r i c a l  body.  Al l  pa r t s  of the 
unit a r e  made f rom dura lumin .  

The upper  and lower  cones of the appara tus  a r e  designed to reduce  the loca l  effect  of changes in ex -  
t e rna l  t e m p e r a t u r e ,  i . e . ,  to reduce  the hor izon ta l  t h e r m a l  nonhomogeneity,  and a l so ,  l ike the me ta l  unit, 
to i n c r e a s e  the to ta l  heat  capac i ty  of the components  of the body.  The s ide  wal ls  of the cones a r e  made of 
a luminum,  the end wal ls  f rom lamina ted  Bakel i te .  The i n t e r i o r  of the cones is f i l led with f i ne -g ra in  r i v e r  
sand. 

The r e c o r d i n g  in s t rumen t  is a type 3CG-47 m i r r o r  ga lvanomete r  with sens i t i v i ty  of the o r d e r  of 1 x 
10 -8 A .  mm -1 when the d i s tance  f rom m i r r o r  to sca le  is  1 m. The ga lvanomete r  is  fixed ins ide  the con-  
s t u n t - t e m p e r a t u r e  space .  

The t he rmos t a t i c  j acke t  cons i s t s  of th ree  me ta l  she l l s  (galvanized iron) of c y l i n d r i c a l  shape,  s e p -  
a r a t e d  f rom each other  by an a i r  space  of 3-5 cm.  Severa l  l a y e r s  of s t rong  paper  a r e  glued over  the out-  
e r  cy l inde r  (6). The hea t ing  coi l  (tungsten wi re ,  0.4 mm sect ion) is wound on the f i r s t  l a y e r  of paper  n e a r -  
e s t  to the me ta l  she l l  (7). The e l e c t r o t h e r m o m e t e r  (8), the m a s t e r  e lement  for  automat ic  cont ro l  of the 
t h e r m o s t a t ,  is in d i r e c t  contact  with the outer  meta l  cy l inde r .  

To ensure  the bes t  t h e r m a l  contact  with the sur face  of the inner  she l l ,  each junction is mounted in 
an ob tu ra to r ,  a r e c t a n g u l a r  piece of b ronze  foil .  E l e c t r i c a l  insula t ion between the t he rmop i l e  and the c a l o -  
r i m e t r i c  she l l  is  provided by polyethylene f i lm glued to its outer  su r f ace .  
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Fig .  1. Scheme of m i e r o c a l o r i -  
m e t e r .  Explanat ion in text .  

The work ing  and ze ro  junctions of the the rmopi l e  of each 
c a l o r i m e t r i c  e lement  a r e  a r r a n g e d  in eight hor izon ta l  rows and eight 
v e r t i c a l  rows.  Four  junctions a r e  fixed to the f loor  of the inner  
shel l .  Only the mouth of the shel l ,  amounting to about 5% of i ts  t o -  
ta l  su r f ace  a r e a ,  is  not covered  by them. 

The opt imal  design of the t he rmop i l e s  was ca lcu la ted  by the 
methods d e s c r i b e d  by Ca l v i e r  and P r a t t  [1], with the aid of some 
addi t ional  e x p e r i m e n t a l  data (measu remen t  of the t h e r m a l  emf of 
the c o p p e r - c o n s t a n t a n  the rmocoup les ,  e tc .) .  

The in s t rumen t  is  analogous to the T i a n a - C a l v i e r  c a l o r i -  
m e t e r .  Both a r e  hea t -conduc t ing  or  nonadiabat ic  c a l o r i m e t e r s .  It 
works  on the p r inc ip le  of de t e rmin ing  the power of the heat  flux 
f rom the inner  she l l  of the c a l o r i m e t r i c  e lement  to the outer  she l l ,  
s p r e a d i n g  main ly  along the w i re s  of the t he rmop i l e .  Because  of the 
l a rge  number  of t he rmocoup les ,  the read ings  of the ins t rument  a r e  
independent  of i n t e rna l  t h e r m a l  nonhomogeneity,  and the heat  flux 
r ap id ly  r e a c he s  i ts  s t a t i ona ry  leve l ,  i . e . ,  the t ime  constant  of the 
c a l o r i m e t e r  is  reduced .  

The in s t rumen t  can work  under i so the rmic  condit ions if the 
P e l t i e r  effect is used to compensa te  for  heat  loss .  F o r  this p u r -  

pose ,  some of the junctions located on the inner  she l l  of the working  c a l o r i m e t r i c  e lement  must  be d i s -  
connected f rom the de t ec to r  t he rmop i l e  and connected to the ex te rna l  sou rce  of c u r r e n t .  A d i f fe ren t i a l  
c i r c u i t  is  then used for  the i n s t rumen t .  Heat loss  in the working  c a l o r i m e t r i c  e lement  is  compensa ted  by 
the Joule effect  on the r e s i s t o r  p laced ins ide  the shel l  of the con t ro l  e lement .  The h e a t e r  is made of con-  
s tantan wi re  with a r e s i s t a n c e  of 8.9 ~2. 

The cons tants  of the i n s t rumen t  a r e  de t e r m i ne d  and the heat  emi t ted  by  the t es t  objects  ca lcu la ted  by 
means  of T i ana ' s  equation 

, P ~ dl 

w =  w + -~ -  l + - 7  -dF , 

where  W is the m e a s u r a b l e  flow of heat;  W' the heat  flow compensa ted  by the Joule  effect;  g the s e n s i -  
t ivi ty  of the ga lvanomete r ;  1 the def lect ion of the spot  of light; t the t ime;  P the coeff ic ient  of heat  loss ,  
de t e rmined  p r inc ipa l ly  by  the number  of t he rmocoup les ;  and # the t h e r m a l  capac i ty  of the inner  shel l ,  

The t ime cons tants  ~" and T' of the working  and con t ro l  c a l o r i m e t r i c  e lements  were  obtained with the 
aid of c a l i b r a t i o n  cu rves ,  and the i r  va lues  were  14.5 and 14.1 min,  r e s pe c t i ve l y .  The d i f ference  between 
T and ~-' is  s m a l l  enough for  the c a l o r i m e t r i c  e l ements  to be r e g a r d e d  as comple te ly  iden t ica l  as  r e g a r d s  
the c cmstants P and # and for  the in s t rumen t  to work on a d i f fe ren t i a l  c i r cu i t .  

The value of the constants  of the working  c a l o r i m e t r i c  e lement  were  P / g  = 4.27 x 10 -6 c a l .  sec  -1 
and ~ / g  = 3.73 x 10 -3 ca l  �9 sec  -1. The ca lcu la ted  equation is thus as  follows: 

W cal'sec'1 = W' =-[= 4,3.10 -8 + 3,7.10 -3 -~=. 

The sens i t i v i t y  of the m i c r o c a l o r i m e t e r  at 24~ is 17.6 x 10 -6 W or  4.2 x 10 -6 ca l "  see  - l .  The i n s t r u -  
ment  has been used to study changes in energy  exchange of i so l a t ed  an imal  organs .  
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