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Abstract
A simple instrument which measures point temperature in connection with the construction of thermat
diffusion cloud-chamber and employs an oscillator circuit is designed and described. Bead thermi-
stor is used as a temperature sensor. A new procedure is suggested for obtaining a linear Functional
relationship between temperatuve and frequency. Thermocouple is used to calibrate the instrument.
The method offers high accuracy and valid for wide range of temperature measurcment.

Key words : Thermocouple, thermistor, monostable multivibrator.

1. Introduction

Digital measurement of different physical quantities has gained a tremendous impor-
tance with the development of digital integrated circuit in instrumentation. Of the
different physical guantitics which are frequently required to be measured temperature
i a very important one. Different electrical oscillator circuits using thermistor had becn
suggested by different workers-2 where attempts had been made to achieve linear relation-
ship between. the frequency or the time period of the oscillator and the temperaturc.
In all these circuits linearization of thermistor was achieved at a certain fixed opera-
ting point to temperature-frequency function. But in these circuits error due to non-
linearity increases appreciably as temperature shifts away on either side of the chosen
inflection point. A new procedure is suggested in this paper in which the linearization
. of thermistor is achieved by designing the oscillator circuit in such a way that the
time period of oscillation is proportional to the matural logarithm of thermistor resis-
tance. The range of the present instrumemt is from 15 to 65°C, having an

accuracy of + (0-1 to 0-7°C).
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FiG. 1. The oscillator circuit.

2. Sensor

Small bead thermistor encapsulated in a glass tube near its tip is used as temperature
sensor. The functional relationship between resistance and temperature for a ther-
mistor is given by the following expression

Ry = AeBIT 0]

where Ry, is the thermistor resistance in ohm at T° Kelvin. 4 is a constant (ohm) of
thermistor ; # a counstant (Degree—-Kelvin), typical of material and e is the base of
Napierean logarithm 2-718.

3. Theory of ostillator circuit

The basic oscillator circuit is shown in Fig. 1. Three FET input operational amplifiers
are used in this circuit. This operational amplifier need two supplies + I5V. The
slew rate of this amplifier is 6 Vju sec but the off-set voltage is relatively high of the
order of 30 to 90 mV at room temperature. — V,, is a mnegative d.c., fixed voltag
(— 4V). Ry a 6-8 KQ tempo product thermistor is employed to measure the unknows
temperature. The resistance variation for this type of thermistor is 2-4 to 11-25 K&
corresponding to a temperature variation of 65 to 15°C (Fig. 2). The gain of the
operational amplifier 01 is always more than that of the operational amplifier 02 even
at the maximum desired temperature measurement. The output of the operational
amplifier 01 and 02 are both positive and is given by
R

Voo = + F: Vet @
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Ry
Voo = + R Vier 3)
where R,, R, and R, are shown in Fig. 1.

At the initial instant of time r = 0, voltage across the condenser C is Ve =0 and
yoltage across R is

R
Ve = f: vot
Now ¢ starts to charge through R and the expression for charging current is

_ Rr
I, = R, Ver — Ve

R
— B Ve [ Iedr
TR R RC '
As the quantities in the first term are constant.
a, _ _ L
d  RC
[a [
7, RC

InJ, = —t/RC + C

T, = L, ¥=e.

=0 : - - B Vi

At t=0;V,=0 and I,=1, B, R
-KT l ref  _¥/RC
Thus 7, = RE 4 .

At any instant of time the voltage across R
Vi (6) = T Ve e, @

The output of the operational amplifier 03 changes from negative to positive voltage
state when the two of its input voltages are equal and the output of monostable
multivibrator rises from 0 to 15 volt momenterily (0-8 z sec) which js determined
by the RC time comstant of the multivibrator. The monostable multivibrator is con-
structed with the help of two high speed n-P-n transistor (type 2N2221) as shown in
Fig. 1. Due to this positive voltage level at the output of the menostable multivibretor,
the transistor 7 saturates momentarily and enables it to discharge the condenser C
completely. Due to this the input voltages of the operational amplifier 03 come back
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Table 1

Characteristics of the thermistor used

Thermistor ~ Nominal Material constant caleulated Time Dissipation
resistance from calibration curve constant constant
4 15% Rapeg sec mw{°C
K-ohms K A ohm

Tempo 68 296368 0-3859 12 0-43

to its initial condition. The process is repeated and an oscillation in the sireuit

generated. The operational amplifier 03 changes its state when
Vo RS = ¥,y
o~t/RC = 102 .
01

The time period of oscillation in the circuit of Fig. 1. is given by

- Y
t=RCIn 7%
substituting the values of ¥, and Vi, from eqns. (2) and (3)
_ ReRy
t=RCln RR,

substituting from eqn. (1) the value of R, in the above equation

Ryd ef/T
R

0y

t=RCh

t=RC [2‘30258 tlog R4+ é—l .
02 -

The expression for the frequency of oscillation is

PR S T
RC [constant + g}

Substituting the values of different circuit paramcters and also the constants of thermis-

tor (Table I) in the above equation

P 1 1
. -5 . *
ERGEENUE] BRp—— 2963T6798]

o]
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F. 2. Characteristic of a 6-8 K tempo

product thermistor, FiG. 3. A linear calibration of the instrument.

If the monostable delay 7,, (0-835y sec)is considered in eqn. (6) the expression for
femperature is
2963-6798 ®

(Lf ~ tm . '
53775 % 16 + 827952
Equation (8) is employed to measure temperature. Equation (7) is used to calibrate
the instrument. Figure 3 shows a calibration which indicates straight line atmost
passing through the origin. The deviation from the ideal case, i.e., straight line passing
through the origin, is due to monostable delay and off-set voltage of the operational

amplifiers.

T =

4. Calibration

The temperature vs. resistance characteristic of a 6-8 K€ thermistor is shown in Fig. 2.
Table T shows the value of constants of the thermistor. The constants of thermistor
ate caloulated by solving eqn. (1) at the two ends of the temperature range to be
measured using Fig. 2. The instrument was calibrated using copper-constantan thermo-
couple in the temperature range 15-65° C. The thermistor bead temperature and the
thermocouple temperature are found to agree within + (0-1 to 0-7°C). The straight
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Fig. 4. A two-hour record of room temperature fluctnation on July 3, 1980.

line in Fig. 3 shows the linear calibration of the imstrument using thermocouple
temperatures as well as computed temperatures. The instrument was used to take two
hour room temperature record from 1,500 to 1,700 hr L.S.T. on July 3, 1980, a5
shown in Fig. 4.

5. Conclusions

This method has shown excellent linearity in the temperature range 15-65° C. The main
sources of error in this instrument are the off-set voltage of the operational amplifiers
and the small monostable delay of the multivibrator apart from the drift in the pas-
sive coraponents such as resistances and capacitances, etc. The effect of small mono-
stable delay can be made non-cxistent by using 1.C. monostable multivibrator (SN 74121).
The off-sct error can be reduced by proper off-set voltage adjustment of the operationsl
amplifiers. The modern FET input operational amplifiers. having low off-set voltage
will give better result. Morcover the position of thermistor bead and the hot jus-
tion. of thermocouple are not exactly identical inside the oil bath. This may create 1
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grror in the temperature measurement. If the circuit parameters in Fig. 1 are selected
in such a way that Ri4 = RoR, and § = I/RC in eqn. (6) in that case the frequency
of oscillation (f) is an exact linear representation of absolute temperature (7). The
instryment can be used for continuous and precision measurement of temperature as
an important physical parameter.
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Holding the price line
-guen bringing it down!

Right now BEL, a Public Sector Undertaking under the
Ministry of Defence, are reduting the prices of some of
their electronic components for TV and Radio
Receivers— TV PICTURE TUBES AND GERMANIUM
TRANSISTORS AND POWER DEVICES.

This has been possible because of the concessions given
in the customs duty in the Annual Budget for 1580-81
presented by the Finance Minister.

BEL, as the premier manufacturer of vital components
for the electronics industry, have on many occasions set
the trend in reducing the prices of components. BEL's
progressive marketing policy has always been to hold
the price line even in the face of spiralling escalation of
costs of raw materials like gold, indium, etc., power,
wages, transportation and other inputs.

In Silicon Serhiconductors, another vifal component for
Radio and TV Receiver Sets, prices have remained the
same over the last four years, except for a mere 5 paise
fast year to offset the excise duty increase. BEL's
continuing technological innovation has made this
possible. Similarly, prices’of Ceramic Capacitors, too,
have remained the same for the past 16 months.

For over 20 years now, BEL's progressive policy and
state-of the-art technology have made available to the
electronics industry components of high reliability at
maximum economy.

r

The reduced prices of the components

are as follows:

TV PICTURE TUBES:
Existing Reduced
Size Wholesale Price  Wholesale Price

Rs. Rs,
310 mm (12'") 290 280
470 mm (19’'} 465 450
500 mm (20"} 405 395
590 mm {23’") 715 685
610 mm (24"") 835 7%
GERMANIUM SEMICONDUCTORS:
Transistors:

Existing Reduced
Type No.. Wholesale Price  Wholesale Price

AC 125 3.20
AC 126 330
AC 127 290
AC 128 290
AC 132 250
AC176 310
AC 18¥ 330
AC 188 330
PT4 11.00
PT6 10.00
AD 149 11.50
2N4241 1200
ASZ 15 17.60
ASZ 16 1685
ASZ 17 16.60
ASZ 18 1740
Transistors (Matched Pairs)
2x AC 128 5.80
2 X AC 188 6.60
AC127/128 5.80
AC128/176 5.00
AC 187/188 6.60
PT&4/PT6 21.00
2 X AD 149 23.00
Transistors with Block Heat Sinks
AC 128/01 335
AC 188/01 375

AC 187/188/01 750

/&?" Photo Transistor
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