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Action potentials representing the functioning of nerve cells are tem 
perature dependent. The investigation and quantitative evaluation of this 
dependence can be greatly enhanced by a special preparation chamber with 
adjustable temperature in the range needed for the investigation.

Our intention was to  investigate the param eters of nerve cell action 
potentials in the range between -|-7 and +  33 °C (V a d á s z  and V é r ó , 1974). 
For this purpose, a tem perature controlled chamber for preparation and a 
tem perature adjusting device have been developed, suitable for adjusting 
four different tem peratures quickly and accurately. The unit was developed 
for the electrophysiological investigation of nerve cells, and accordingly 
signals are taken from intracellular glass electrodes. Investigation has been 
performed a t + 7 , + 14 , +  22 and + 3 3  °C.

The tem perature of the chamber for preparation has been adjusted by 
using a Peltier element ( K l e i n  and W a l z , 1967). The rapid attainm ent of the 
selected tem perature is assured by applying alternately cooling and heating 
operating modes. The reliable switching of low voltages and relatively high 
currents is performed by thyristors, driven by tem perature sensing therm istors 
with the aid of a com parator circuit.

The block diagram of the tem perature control device is shown in Fig. 1 
The investigated substance is placed in a plexiglass chamber comprising a 
disc with side illumination. The tem perature controlled metallic plate is iso
lated a t the bottom  of the chamber. The plate tem perature is sensed by a 
therm istor, and the thyristors of the switching circuit are controlled by this 
therm istor (M ü l l e r  and R t j p p r e c h t , 1965). The cooling and heating operation 
is switched on by alternating the current flow through the Peltier element. 
Cooling of the Peltier element is accomplished by a brass block, with water 
flow for better efficiency. The cooling water supplies also the cooling of the 
power supply power transistors, so even after 24-hours operation, the transistor 
tem perature will not exeeed 80 °C. A control lamp, driven by a membrane type 
water pressure gauge, indicates low flow rate or no cooling water. Similar 
control lamps serve to indicate the heating and cooling cycle of the switching 
un it and the corresponding current supply of the Peltier element. A second
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F ig . 1. B lock  d iag ram  o f th e  tem p e ra tu re  contro l equ ipm en t
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F ig . 2. C ircu it d iag ram  o f  th e  pow er su p p ly  d riv ing  th e  P e ltie r  e lem en t
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therm istor near the substance serves for tem perature control of the substance 
by an external digital voltm eter.

The investigation of tem perature dependence by means of microelectrodes 
required the solution of special circuit problems. The required accuracy of 
tem perature and the adjustm ent speed could only be m et by placing the  
Peltier element directly under the chamber of preparation. A t the same time, 
the high impedance of the microelectrodes used for signal connection required 
a power supply ripple not more than  1 mV. Taking into account the relatively 
high current values, IC-type voltage regulators have been applied, with sensing 
and control circuits made up from high gain operational amplifiers, assuring 
good evaluation of the investigated signals (Véró , 1973).

The circuit diagram of the thyristors and of the power supply for the 
Peltier element is shown in Fig. 2. The mains transform er has two identical 
center-tapped secondary windings. After full-wave rectification and filtering, 
type L 123 voltage regulators receive + 1 2  volts. The voltage regulators 
supply + 2 .5  volts DC a t 4 amperes for the thyristors and for the Peltier 
element. The L. 123 IC ’s are operated as positive voltage regulators, and their 
ou tput voltages are set by resistors R l  and R2 according to  the following 
relation:

where,

V„ut =  V,ref
R 2

R i  +  R 2

Vref =  7.15 V (min 6.8 V, max 7.5 V)

From the resistance values pertaining to  the normal L 123 output vo lt
ages, Rj or R2 may be approxim ated by extrapolation; so if R x is known, then

p _ Ri Vout
z V , __уv ref v out

or if R 2 is known, then
R  ^  R 2 (V re f  -  V o u t)  

1 Vout
Owing to the high current demand, T IP  36A external transistors are 

applied as series regulators, and a current sensing limiter is used against load 
short circuit effects. This is effected by a transistor in the L 123 IC voltage 
regulator in the case when a correct valued R sc resistor is connected between 
the base and em itter electrodes. The resistance value is calculated from the  
following relation:

I l im tt  —  '
R<

, so R s
уv sense 

-Mimit

where, Vsense is the V BE voltage of the operating current lim iter transistor (this 
is 0.7 volts with good approximation).

The compensating capacitance of the voltage regulator determining 
the frequency response has been experimentally selected as 68 nF  which 
proved to be optimal regarding ou tpu t noise.

The cooling and heating operation of the Peltier element is accomplished 
by the switching circuit shown in Fig. 3. A TG10 type glass therm istor, having
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a resistance of 1.5 kiloohms at 20 °C, is placed to the substance. I f  this resist
ance changes, a comparator circuit utilizing a pA 709 operating amplifier 
effects the cooling or heating operating mode of the Peltier element by switch
ing on or off the corresponding thyristors. A positive or negative supply vo lt
age appears at the output of the comparator, depending on whether the ther
mistor circuit voltage is lower or higher than the reference voltage. This sup
ply voltage operates unijunction transistor pulse generators. On each positive 
or negative supply voltage appearance, two identical pulse generator pairs 
will operate. There is a 1 : 10 ratio between frequencies of the two generators 
within each pulse generator pair. Thus, following the supply voltage appear
ance, the higher frequency OFF pulses will first drive the thyristor which has 
been previously conducting, and ten OFF signals will effect a reliable “switch
ing off” action. After this, the first ON signal will reach the driving electrode 
of the thyristor which was non-conducting and will make it conducting. 
Should the comparator output be switched over to the other supply voltage 
due temperature sensing thermistor control, then the other twro pulse gener
ators will operate, switching off the conducting thyristor and switching on 
the non-conducting thyristor (G r a n i e r i , 1972; K l e i n m a n  and S h e r i g , 1972).

The thyristors are operated by a primitive pulse reaching the gate elec
trode. Switching off is accomplished by reverse biasing: a charged capacitance 
is connected on the conducting thyristor by a low power thyristor (M cN u l t y , 
1972). The CR 30 404 CA high current thyristor driving waveforms during 
the cooling and heating periods are shown in Fig. 4.

The cooling or heating operating mode is indicated by front panel LED  
indicators connected to the comparator output. Polarity sensitive LED

F ig . 3. Sw itch ing  c ircu it serv ing  fo r cooling an d  h ea tin g  opera tio n
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indicators are also applied for indicating the conducting mode of the thyristors. 
This type of switching circuit has high reliability and theoretically infinite 
lifetime as no moving parts are contained.

Temperature is adjusted by a Siemens PK E 36 E 0260 solid-state Pel- 
tier element with 36 cells, having the following parameters:

operating voltage 3.5 volts
operating current 8 amperes
maximum cooling power 22 W (at T =  0 °C)
maximum operating temperature 80 °C
ohmic resistance 380 ohms
dimensions 53 X 28 X 7 mm
The chamber for preparation has a diameter of 20 mm, a depth of 10 mm 

and is housed together with the cooling block in a screening cylinder of 83 mm 
diameter and 150 mm height. A photograph of the cooling block and of the 
electronic equipment is shown in Fig. 5. The latter comprises the power 
supply, the switching unit and the water flow sensor, and is housed in a case 
having dimensions of 200X 192 X 168 mm.

The heating and cooling times needed to reach different temperatures 
have been measured with the built temperature control equipment. Measure
ment results are shown in Fig. 6. The temperature was measured by a mercury 
thermometer placed in the chamber holding the liquid. The temperature accu
racy proved to be ± 0 .2  °C.

F ig . 4. W avefo rm s o f signals d riv ing  th e  sw itch ing  th y r is to rs
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F ig . 5. P h o to g rap h  o f  th e  tem p e ra tu re  con tro l e lec tron ic  eq u ip m en t 

+ 7°C + 1U°C +22 °C +33°C

F ig . 6. M easured h ea tin g  a n d  cooling tim es , m easu red  w ith  th e  te m p e ra tu re  con tro l
eq u ip m en t
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F ig . 7. M easurem en t se t-u p  fo r d e te rm in ing  in te rfe rin g  signals o f  th e  te m p e ra tu re  con tro l
equ ipm en t

Interference due to the switching apparatus has been investigated by the 
arrangem ent shown in Fig. 7. According to  our measurements using a 20 
megohms glass electrode, the interference due to  50 Hz mains voltage and 
thyristo r switching voltage was less than  1 mV. Practical investigations on 
substances clearly showed th a t  the low level of interference allows the data  
processing of action potentials, and the tem perature control system used is 
well adapted for rapid investigations.

Summary

The chamber for preparation intended for the investigation of nerve 
cell tem perature is suitable for rapid adjustm ent of tem peratures of +  7, + 14 , 
+  22 and + 3 3  °C. The tem perature values are adjusted by a Peltier element 
■operating alternately in cooling and heating operating modes, and switching 
is accomplished by thyristors. The Peltier element is supplied by IC type 
voltage regulators. Thyristor switching is effected by pulse generators driven 
by  a com parator circuit with therm istor input.

Circuit and construction details, operating speed, accuracy data  and an 
interference investigation m ethod are discussed in the paper. The equipment 
is also suitable for continuous tem perature control of liquid baths containing 
o ther small biological objects.
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H Ő M É R S É K L E T  SZABÁ LY OZÓ  Á R A M K Ö R  
ID E G S E JT E K  M Ű K Ö D É S É N E K  V IZ SG Á LA T Á H O Z

Véró M ih á ly

Összefoglalás

A z idegse jtek  hőm érsék le t függő v izsgála tához készü lt p re p a rá tu m ta r tó  + 7  °C, 
+  14 °C, + 2 2  °C és + 3 3  °C hőm érsék le t é rték ek  gyors b e á llítá sá ra  a lkalm as. A  v izsgála
to k h o z  szükséges hőm érsék le t é rték ek  b eá llítá sa  P e ltie r  e lem m el tö r té n ik . A  P e ltie r  
elem  vá ltak o zó  h ű tő -fű tő  ü zem m ódban  dolgozik és az á tk ap cso lás  tir isz to ro k k a l v a n  m eg
o ldva . A  P e ltie r  e lem  á ra m e llá tá sá t in te g rá lt á ram körös feszü ltség  reg u lá to ro k  b iz to s ít
ják . A  tir isz to ro k  kap cso lásá t te rm isz to r b em en e tű  k o m p a rá to r  á ram k ö rre l vezére lt 
im pu lzusgenerá to rok  lá t já k  el.

A  do lgozat részletesen  ism erte ti az a lk a lm azo tt á ram k ö ri és k onstrukc ió s m ego ldá
so k a t, a  hőm érsék le t szabályozó m űködési sebességére és p o n to sság á ra  v o na tkozó  a d a to 
k a t, v a lam in t az a lka lm azásná l fellépő zav a ró  je lek  v iz sg á la tán ak  m ódszeré t és e red 
m én y e it.

A  berendezés a lka lm as m ás, k ism ére tű  biológiai o b jek tu m  fü rd ő fo ly ad ék án ak  
h ő m érsék le tszabá lyozására  is.
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