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A descr ip t ion  is  given of a t r an s i s t o r i z ed  appara tus  cons is t ing  of two identical  channels.  
each of which is composed  of balanced ac br idges  (working f requency 10 kHz), na r row-  
band a m p l i f i e r s  with synchronous p h a s e - s e n s i t i v e  detector ,  and a r e f e r e n c e  gene ra to r  
common  to both channels .  The appara tus  can be used (in conjunction with automat ic  w r i t e r s  
with sens i t iv i ty  10 m V / c m )  to r e co rd  f luctuations of t e m p e r a t u r e  of the o rde r  of 0.005 ~ o r  
l e s s .  

Bes ides  the rmocouples ,  min ia tu re  semiconductor  g l a s s - in su la t ed  t h e r m i s t o r s  a re  now widely used to 
r e c o r d  the t e m p e r a t u r e  of o rgans  and t i s sues  [4, 7, 8]. The use of t h e r m i s t o r s  is technical ly  s i m p l e r  than 
that of the rmocouples ,  e spec ia l ly  in invest igat ions when the need a r i s e s  fo r  h igh-sens i t iv i ty  recording,  
such as  in s tudies  of the b ra in  t e m p e r a t u r e  [9-11]. Severa l  in s t rument s  for  working with t h e r m i s t o r s  a r e  
desc r ibed  in the Soviet biological  l i t e ra tu re  [1-3, 5, 6]. 

The por tab le  two-channel  appara tus  suggested here  for  m e a s u r e m e n t  of low var ia t ions  of t e m p e r a -  
tu re  can be used in conjunction with va r ious  dc au tomat ic  w r i t e r s  with a sens i t iv i ty  of the o rde r  of 10 m V /  
cm.  

This appara tus  cons i s t s  of two identical  channels,  each composed of balanced ac br idges ,  na r ro w -  
band amp l i f i e r s  with p h a s e - s e n s i t i v e  de tec tors ,  and a r e f e rence  gene ra to r  common to both channels .  The 
whole appara tus  is t r a n s i s t o r i z e d  and has i ts  own power  supply. 

The m e a s u r i n g  br idge is  fed f rom a spec ia l  winding of the r e f e r e n c e  genera to r ,  taking into account 
the fact  that the voltage on the t h e r m i s t o r s  mus t  not exceed 70 mV, or  o therwise  the s tabi l i ty  of work  of 
the t h e r m i s t o r s  would be cons iderab ly  impai red ,  and the t h e r m i s t o r  would be heated to an amount c o m -  
m e n s u r a t e  with the value of the t e m p e r a t u r e  r ecorded .  

To p reven t  i n t e r f e rence  between the m e a s u r i n g  br idge  and ampl i f ie r ,  a matching e m i t t e r  fol lower  
on t r a n s i s t o r s  T 1 is  introduced between them.  F u r t h e r  ampl i f ica t ion  of the signal is achieved by a t h r e e -  
cascade  ampl i f i e r  on t r a n s i s t o r s  T2-T4, which a r e  spanned by loops of feedback, a change in the magnitude 
of which cont ro ls  the sens i t iv i ty  of the ins t rument .  The final cascade  of the ampl i f i e r  is  loaded on an out-  
put t r a n s f o r m e r ,  the p r i m a r y  winding of which is  tuned in resonance  with the f requency of the r e fe rence  
gene ra to r .  The c i rcu i t  of the secondary  winding includes the p h a s e - s e n s i t i v e  detector ,  the ampli tude and 
po la r i ty  of the rec t i f ied  vol tage at the output of which depends on the phase  of the m e a s u r i n g  signal .  The 
n e c e s s a r y  conditions fo r  working of the de tec to r  a r e  provided by a supply of commuta t ive  voltage to the 
r e c t i f i e r  diodes f r o m  the r e f e r e n c e  genera to r ,  causing a synchronous change in conductance of the r e c t i -  
f i e r  diodes and the appea rance  of a voltage at the output of the de tec to r  with an ampli tude and polar i ty  de-  
pending on the phase  of the m e a s u r i n g  signal .  

The r e f e r e n c e  g e n e r a t o r  of the appara tus  is based on a push -pu l l  c i rcui t ,  and si l icon t r iodes  T 5 and 
T 6 a r e  used to i n c r e a s e  i ts  t e m p e r a t u r e  s tabi l i ty .  The t r a n s f o r m e r  of the gene ra to r  is built on a f e r r i t e  
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F ig .  1. Theore t ica l  c i rcu i t  of the appara tus .  Ti-T2-T4, M P l l 6 ;  
T3, P27A; D1-D 2, D105; D3-D814A; C1-C2-C3-C~-CI2 , 50,000 pF; 
C4-Ch-C?-Cil , 50 ~F • C6-C8-C14-C15-C16, 1.0 ~F • i0 V; C 9, 
4700 pF; RI-R 2, 47 k~2; H3, 1 k~2; R4, 2.2 k~2; Rh, 6.8 k~2; R6, 270 
k~2; RT-R~, 560~; RS, i.i k~q; RIO , 360~2; Rll , 5.6 k~2; Ri2 , 180 k~2; 
R13 , 1.8 k~; Rt4 , 91 k~; Rt5 , 180~2; RI~-R17, 8.2 k~2; Rig , 680~2; 
R19 , 1.5 k~; R20 , 5.6 k~;  R21-R22 , 1 k~2; R23 , 360~2. 

0,05" L 

Fig.  2. Record  of c e r e b r a l  cor t i ca l  t e m -  
p e r a t u r e  of a ra t .  

toro ida l  core ,  which grea t ly  reduces  induction f r o m  the 
g e n e r a t o r  to the m e a s u r i n g  circui t ,  and a lso  reduces  the 
s ize of the g e n e r a t o r .  In mos t  e lec t rophys io log ica l  in- 
s t r u m e n t s  the f requency c h a r a c t e r i s t i c  is l imi ted to 2-3 
kHz, and fo r  this r e a son  a working f requency of 10 kHz 
has been  chosen for  this in s t rumen t  in o r d e r  to avoid 
poss ib le  induction on o ther  i n s t rumen t s .  Otherwise  the 

g e n e r a t o r  c i rcu i t  has no spec ia l  f ea tu re s  in pr inc ip le .  The ins t rument  has an in-buil t  indicator  sy s t em 
(M24 m i c r o a m m e t e r ,  100-0-100 ~A), used as an indica tor  of the supply voltage, and a lso  for  v isual  check-  
ing of br idge  ba lance .  The in s t rumen t  is fed f r o m  two 9-V ba t t e r i e s ,  and the cu r r en t  consumption is 50 
mA.  The use  of a n a r r o w - b a n d a m p l i f i e r  with synchronous  phase -de t ec t ion  in conjunction with low-noise  
t r a n s i s t o r s  has reduced the noise level  oi ttae a m p l i l i e r  to a value of the o r d e r  of 10 ~V; the use  of a low 
a l te rna t ing  voltage fo r  supplying the t h e r m i s t o r  has also i nc rea sed  i ts  s tabi l i ty  and reduced noise .  As a 
resul t ,  the ze ro  dr i f t  of the whole ins t rumen t  has been  reduced  to the level  of 20 ~V/h,  and f luctuations of 
t e m p e r a t u r e  of the o r d e r  of 0.005 ~ o r  l e s s  can be r eco rded  re l i ab ly  on the scale  of type N-373 record ing  
in s t rumen t s .  

If the two channels  of the appara tus  a r e  used s imul taneously ,  d i f ferent ia l  m e a s u r e m e n t  and r e c o r d -  
ing of t e m p e r a t u r e s  f r o m  two t h e r m i s t o r s  can be c a r r i e d  out. The advantage of this method of m e a s u r e -  
ment  is that it does  not r equ i r e  two t h e r m i s t o r s  with identical  p a r a m e t e r s .  All that  is n e c e s s a r y  is  to 
es tab l i sh  equal sens i t iv i ty  of the two channels  at the m e a s u r e d  t e m p e r a t u r e  and to connect  the automat ic  
w r i t e r  in such a way that  the d i f ference  between the read ings  of the two channels is r eco rded .  

Recording  the b ra in  t e m p e r a t u r e  by means  of the in s t rumen t  desc r ibed  here  is not t roubled with in-  
duction and the ins t rument  is not sens i t ive  to mo to r  a r t e f a c t s .  This means  that the t e m p e r a t u r e  of any 
pa r t  of the b r a i n  can be r eco rded  in f r ee ly  moving an ima l s  in expe r imen t s  of long durat ion.  
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