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2,468,082 

THERMESFOR CRCUT COMPENSATING FOR, 
SUSPEPELY WOALTAGE FLUCTUATIONS 

Praftia, Yar Chatteriea, BLeslie Wilfred 
Houghton, and Charles Thomas Scully, London, 
England, assig Rors, by raesne assignments, to 
Enternational Standard Electric Corporation, 
New York, N. Y., a corporation of Delaware 
Application August 6, 943, Serial No. 498,835 

In Great Britain September 12, 1942 
(C, 250-2) 3 Cairns. 

ihe present invention relates to therinionic 
valve circuits and in particular makes use of the 
special properties of the thermally sensitive re 
sistance elements known as thernistors for sin 
plifying the arrangerinents. 

heinistors have been in Se for Sone years 
and are characterised by a temperature coeffi 
cient of resistance which may be either positive 
or negative and which is moreover many times 
iha corresponding coefficient for a pure (Ynetal 
such as copper. This property renders thernnis 
tors particularly suitable for a variety of Special 
applications in electric circuitS. 

Wariotis different materials are available for 
the resistance element of a thermistor, these 
various materials having different properties in 
other respects; as one example, a resistance Ina 
terial inaving a high negative temperature Co 
efficient of resistance comprises a, inixture of 
nangainese oxide and nickel oxide, with oi with 
out the addition of certain other metallic oxides, 
the fixture being suitably heat treated. 

hermistors have been employed in two differ 
ent forris: (a) known as a directly heated ther 
mistor and comprising a resistance element of 
the thernally sensitive resistance material pro 
vided with suitable lead-out conductors or ter 
ininais, and (b) known as an indirectly heated 
therinistor comprising the elerient (C) provided 
in addition with a heating coil electrically insul 
lated from the element. A directly heated ther 
mistor is primarily intended to be controlled by 
the current which flows through it, and which 
varies the temperature and also the resistance 
accordingly. Such a thernistor Will also be af 
fected by the temperature of its surroundings 
and may therefore be used for thermostatic con 
trol and like purposes With or without direct 
heating by the current flowing through it. An 
indirectly heated thermistor is chiefly designed 
to be heated by a controlling current, which flows 
through the heating coil and which will usually, 
but not necessarily, be different from the current 
which flows through the resistance element, but 
this type of thermistor may also be subjected to 
either or both of the types of control applicable 
to a directly heated thermistor. 
More detailed information on the properties 

of thermistors will be found in an article by G. F. 
Pearson in the Bell Laboratories’ Record Dec. 
1940, page 106. 

In the present Specification a number of mis 
cellaneous valve circuits will be described en 
bodying the invention which is characterised by 
connecting the resistance element of a thermistor, 
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in series With the cathode of a thermionic valve 
so that the cathode current flows through it. 
According to the invention, there is provided 

an electrical circuit arrangement comprising a 
thermionic valve and a thermistor having its re 
Sistance element connected in series with the 
cathode of the valve, so that the cathode current 
foWs therethrough. 
The invention will be explained With reference 

to the accompanying drawings in which: 
Fig. 1 shows a schematic circuit diagram of a 

low frequency valve circuit according to the in 
vention; 

Fig. 2 shows a circuit for unblocking a quies 
Cent-anaplifier; 

Fig. 3 shows a protective circuit for a gas filled 
rectifier valve; Fig. 4 shows an arrangement for compensating 
for the effects of changes in the Supply voltages 
for a thermionic valve; and 

Figs. 5 and 6 show the invention applied to 
tuning indicators for radio receiving sets. 
In the present specification all resistances not 

Specifically referred to as thermistors are to be 
Supposed to be ordinary resistances whose values 
are substantially independent of the current 
flowing through them. 

In thermionic valve circuits it is frequently 
the practice to provide the whole or part of the 
bias for the control grid by connecting a resist 
ance in Series between the cathode and the nega 
tive terminal of the plate potential source (which 
terminal is generally connected to ground). The 
Cathode assumes a positive potential due to the 
Cathode current, and if the control grid is con 
nected to ground through an input circuit in the 
uSulal Way its potential With respect to the cathode 
Will be negative. 
AS is Well known, the cathode resistance will 

act as a feedback connection between the output 
and the input of the valve, and to prevent feed 
back When it is not required, it is the practice to 
shunt the resistance with a by-pass condenser 
or With a Smoothing circuit so thai, no appreciable 
alternating potential is developed. This arrange 
ment is quite Satisfactory except for amplifiers 
operating at very low frequencies (say of the 
Order of a few cycles per minute) in which case 
the necesssary condenser has to be so large that 
the arrangement is impracticable. 

Fig. 1 shows how the difficulty inay be over 
Corne according to the invention by connecting 
a directly heated thermistor T in series With the 
Cathode of a valve W. A resistance. X1 is con 
nected in Series with the resistance element R. 
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of the thermistor, and a resistance X2 is con 
nected in parallel with the combination. X3 is 
the input grid resistance, and the plate is Sup 
plied from the positive terminal HT-- of the high 
tension source through a resistance X4. Signals 
are applied to the grid across X3, and the ampli 
fied signals are taken directly from the plate. 
It will be understood that the valve W may form 
only one of the stages of an amplifier and may 
be coupled and supplied in any known Way, Fig. 
1 showing only one possible arrangement. 
The thermistor should have a negative ten 

perature coefficient of resistance. When a COn 
stant potential is applied to the control grid, the 
thermistor will be heated by the corresponding 
cathode current I and its resistance Will decrease 
to some constant value R. The applied grid bias 
voltage will evidently be 

If the potential applied to the control grid be 
increased (that is, made more positive OrleSS neg 
ative), the cathode current will be likewise in 
creased, raising the temperature of the thermis 
tor and lowering its resistance. In order that 
there shall be no feedback it is necessary that the 
grid bias voltage should be unchanged. It is, 
therefore, necessary to choose the values of X1 
and X2 together with the thermistor character 
istic so that a constant value of E is obtained over 
the desired range of variation of I. When this 
has been done, a fixed grid bias is obtained and 
there will be no feedback when a low frequency 
alternating voltage is applied to the control grid. 

it may of course happen that one or both of 
the resistances X1 and X2 may not be required, 
so that the thermistor may be employed alone 
in series with the cathode. Whether or not 
either of these resistances is necessary Will de 
pend on the characteristics of the thermistor and 
on the range over which the grid bias voltage 
must be constant or approximately constant. It 
will be evident that the resistance X2 may be 
connected to shunt the thermistor only and auxil 
iary biassing means may be provided to assist in 
adjusting the constant voltage to the desired 
Walue. 
The circuit of Fig. 1 may be supplemented by 

the use of a condenser or smoothing circuit con 
nected instead of or in addition to the resistance 
X2, or shunting X1 or R, alone or in other posi 
tions. This will give additional freedom in ob 
taining the desired characteristic. 

Moreover, although the valve V is shown for 
simplicity as a triode, it might have additional 
electrodes provided with appropriate auxiliary 
arrangements. When a pentode valve is used the 
polarising voltage for the screen grid is often 
obtained by connecting it to an intermediate 
point on a resistance connected across the high 
tension supply, a by-pass condenser being con 
nected between the screen grid and ground. At 
very low frequencies, the by-pass condenser Will 
fall for the reasons already explained, and the 
earth connection may therefore be replaced by a 
network including a thermistor generally similar 
to that shown in Fig. 1 and designed so that the 
screen grid potential is substantially independent 
of the potential of the control grid. 

Con account of the fact that the time taken for 
the thermistor to heat up is not in appreciable, 
there will be a small lag in the response to 
changes in the current. The magnitude of this 
lag will depend on the thermistor design but Will 
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4. 
be practically inappreciable at least up to fre 
quencies of a few cycles per second. The ar 
rangement therefore operates best at very low 
frequencies where the other methods fail. 
According to another feature of the inven 

tion, the circuit of Fig. 1 may be employed as a 
low frequency amplifier in which the action of 
the thermistor increases the gain. The chara,c- 
teristics of the thermistor, and the values of the 
associated resistances X1 and X2 are chosen SO 
that as the control grid potential is increased or 
decreased by the applied signal the cathode po 
tential falls or rises respectively; or in other 
Words so that the bias voltage E decreases as 
the cathode current I increases, and Vice versa. 
This will evidently have the effect of augmenting 
the change of the potential difference between 
the control grid and the cathode; in other words 
the thermistor is acting as an auxiliary amplifier. 
The reduction in resistance caused by increase 
in the heating current of a thermistor with a 
negative temperature coefficient may be very 
steep and it will generally be easy to meet the 
above condition. Either or both of the resistances 
X1 and X2 can of course be omitted if not re 
quired to obtain an appropriate characteristic. 

It will be evident that the change in cathode 
potential must be less than the change in signal 
potential producing it, otherwise the arrange 
ment Will be unstable. This sets a limit to the 
gain which can be obtained by the means of the 
thernistor. 

It Will be evident also that with this arrange 
ment the valve may have additional electrodes 
polarised in circuits including thermistors as al 
ready explained. 
The arrangement of Fig. 1 may also be used 

for reducing the gain or blocking an amplifier 
when no signals are passing, for the purpose of 
rendering it quiet in these periods. This is a 
practice commonly adopted in radio receivers, 
but the methods used hitherto generally result 
in asymmetric distOrtion Which occurs on account 
of the blocking bias Which has to be overcome 
by the signals. 
The cathode network in Fig. 1 should be shunt 

ed by a by-pass condenser (not shown) and 
should be chosen. So that when there are no 
incoming signals the Valve is biassed nearly to the 
cut-off. As soon as signals at a moderately high 
level are received, there will be a rectifying effect 
which will increase the plate current. This Will 
heat the thermistor and if it has a negative tem 
perature coefficient of resistance, its resistance 
Will be decreased and will reduce the blocking 
bias, still further increasing the plate current 
until an operating point is reached much farther 
up the valve characteristic where the curvature 
is small. It will be seen that the asymmetric 
distortion will be greatly reduced. It is of course 
necessary to choose the characteristics of the 
Valve and thermistor So that the arrangement is 
stable, or in other words so that an increase in 
cathode current would not by itself, in the ab 
Sence of Signals, produce a change in grid voltage 
sufficient to maintain the current change. This 
Imethod is liable still to suffer from some asym 
metric distortion, and a preferred arrangement 
is to use an indirectly heated thermistor, as 
shown in Fig. 2. The resistance element R1 of 
the thermistor T1 is connected in series With the 
cathode and is shunted by a by-pass condenser C. 
Series and/or shunt resistances (not shown) sim 
ilar to X1 and X2 in Fig. 1 may be included if 
necessary to get the desired characteristic. The 
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valve V may be supposed, for example, to be one 
of the final amplifying stages in a radio receiver, 
the signals being at voice frequencies and taken 
from the plate circuit through an output trans 
former OT. The heating coil r1 of the thermis 
tor, T1 is connected across an appropriate por 
tion of the secondary winding (or it may be con 
nected to a suitable third winding or in any other 
convenient way) so that the thermistor Will be 
heated by the output signals. . . . 
The resistance of the element R1 (together With 

any additional resistances if used) should be 
chosen so that the valve is biased nearly to the 
cut-off when no signals are being received, so 
that noise originating in the earlier stages is not 
passed on to the output. When the signals ar 
rive, a small output will at first be obtained which 
will heat the thermistor and will reduce the re 
sistance of the element. This will reduce the 
cathode potential, increasing the gain of the Valve a 
until the operating point is moved up to a straight 
part of the valve characteristic, and the full am 
plification is obtained without asymmetric dis 
tortion. When the signals cease, the Cathode po 
tential rises again and cuts off the valve. AS long 
as the signals persist, the thermistor does not 
have time to cool appreciably during the normal 
fluctuations of the signal voltage and the grid 
bias Will be substantially constant. This arrange 
ment is preferable to the one previously described 
Since it does not depend on rectification for its 
operation. The thermistor should, of course, 
have a negative temperature coefficient of resist 
ance. 
By a slight variation of this method, the ther- : 

mistor may be heated from a proportion of the 
output of any preceding amplifying valve, ob 
tained in any convenient Way. This will have the 
advantage that the response will be somewhat 
quicker since the full amplitude of the signals is 
available at once to heat the thermistor, and Will 
not be delayed while the gain of the controlled 
Valve is increasing. 
In radio receivers having automatic volume 

control there is frequently a control valve whose 
plate current is designed to vary in accordance 
With the signal level. Advantage may be taken 
of this for heating the thermistor, and the heat 
ing coil ri may be connected in series with the 
plate circuit of the control valve as a further al 
ternative to the arrangement of Fig. 2. It will 
be evident, therefore, that any arrangement may 
be adopted by which the thermistor can be heated 
by signal currents obtained at any convenient 
place in the amplifier, or by derived currents 
which depend on the signal level. 

In the arrangement of Fig. 2 or in those derived 
from it, the thermistor may be chosen so that di 
rect heating by the cathode current is apprecia 
ble. This Will increase the rate of response if the 
increase in cathode current is sufficiently rapid as 
compared with the decrease in the thermistor re 
Sistance for the total heating power to increase. 
This Will, of course, depend on the character 
istics of the valve and thermistor, and if the con 
dition is not fulfilled, so that the power decreases, 
the response may be retarded. 

If an extra resistance (not shown) be con 
nected between the cathode and the positive high 
tension terminal HT--, the cathode may derive its 
bias from the potentiometer so formed, and the 
resistance and thermistor may be so chosen that 
the potentiometer current is large compared. With 
the cathode current, so that the variations of the 
latter Will have no appreciable effect. On the cath 
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6 
ode potential. The extra resistance may alter 
natively be the resistance element of a second in 
directly heated thermistor having a positive tem 
perature. coefficient of resistance and having its 
heating coil connected in series or in parallel with 
ri. This will produce a more rapid change in the 
cathode potential when the signals are first re 
ceived. " .. 

More than one valve hay be controlled at the 
Same time in thie manner of Fig. 2 and its varia 
tions, by connecting the heating coils of all the 
thermistors in series or in parallel. 
The process of... unblocking a valve in the man 

ner described in connection with Fig. 2. may be 
regarded as an extreme or limiting case of con 
trast...expansion. It will, therefore, be easily ap 
preciated that by Suitably choosing the valve 
and thermistor characteristics together with the 
values of the associated resistances (if any), true 
contrast expansion can be obtained; in other 
Words, the gain of the valve may be made to in 
Crease Smoothly, at any desired rate as the level 
of the incoming signals rises, and vice versa. If 
the thermistor has a positive temperature co 
efficient, contrast contraction will evidently be 
obtained. 

Fig. 3 shows a different application of the in 
vention to a gas-filled rectifier valve W1. It is 
well known that if relatively large currents are 
drawn from gas-filled rectifiers, there is consider 
able liability of damage when switching on unless 
the cathode is properly heated up before the plate 
Supply is connected. Accidental damage from this 
callse may be avoided by connecting a thermistor 
resistance element R2 in series with the cathode 
of the gas-filled valve. W1 as shown in Fig. 3. 
The heating coil r2 of the indirectly heated ther 
mistor T2 is shown connected in parallel with the 
cathode heater of the valve W.1 to the source of 
heating current HS. These may however ob 
viously be in series if desired, and auxiliary series 
and/or shunt resistances may be included to pro 
portion the heating currents as may be necessary. 
The alternating current supply AC is connected 
to the plate and cathode of W1 in series with R2 
and the direct current output terminals DC. The 
thermistor T2 should have a negative tempera 
ture coefficient of resistance and when it is cold, 
R2 Will be large, and will limit the current which 
Would flow through the valve if the alternating 
current were switched on before the heating sup 
ply FIS. When the supply HS is switched on, the 
thermistor is heated at the same time as the cath 
ode, and its resistance begins to fall. When it 
has reached its maximum temperature its resist 
ance Will be low and will permit the normal cur 
rent to be drawn from the valve. It is necessary 
however, that the rate of heating of the thermis 
tor Should be lower than that of the cathode par 
ticularly at first, so that its resistance will always 
be high enough to prevent dangerous currents 
until the cathode is fully hot. One way of en 
Suring a suitable delay would be to connect an 
other directly or indirectly heated thermistor 
With a negative temperature coefficient in series 
With r2, or one with a positive temperature co 
efficient in parallel therewith, so that T2 would 
not begin to be heated appreciably until the sec 
Ond thermistor had become hot. 

It Will be evident that T2 could be chosen so as 
to be heated appreciably also by the cathode 
Current: and it might be preferable to use a 
directly heated thermistor in place of 12, the 
connection shown in Fig. 3 to the heating coil 
r2: being, of course, omitted. This would tend to 
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produce automatically the desired delay in heat 
ing the thermistor since the cathode current 
would at first be very small and would, therefore, 
take a long time to raise the temperature of the 
thermistor. The heating rate would, of course, 
increase considerably afterwards, but the slow 
early period could be made to last during the na 
jor portion of the cathode heating time. 

Fig. 4 shows another embodiment where the 
invention is applied to the compensation of the 
effects of supply voltage variations on a thermi 
onic valve W. The cathode potential is obtained 
from a potentiometer comprising a resistance X5 
and the resistance element R3 of an indirectly 
heated thermistor T3 connected across the high 
tension supply, the thermistor connecting the 
cathode to ground. The heating coil r3 of the 
thermistor is connected in parallel with the cath 
ode heater of the valve to the heating Source HS. 
X4 is the plate circuit resistance and X3 is the 
input grid resistance, the output being taken from 
the plate. The input and output circuits and 
other details are conventional and can be air 
ranged in any other Way. 
The thermistor should have a positive temper 

ature coefficient of resistance and should be so 
chosen that when the power supplies have normal 
voltages, the grid bias voltage has the proper 
value. Auxiliary biassing batteries or other 
means (not shown) may be employed if necessary. 
Suppose now that the voltage of the high ten 

sion supply should for some reason increase. This 
will tend to increase the plate current and also 
the potentiometer current, increasing the value 
of R3 and raising the cathode potential so that 
the effective grid bias is made more negative. 
This will tend to reduce the plate current, and 
by proper choice of the thermistor characteristics 
the two effects may be made to neutralise one 
another so that the plate current is unaltered by 
the change. The reverse action Will take place 
if the Supply voltage decreases. 

Similarly, if the voltage of the cathode heating 
source increases, this Will also increase R3 and 
the consequent tendency for increase of the plate 
current due to the higher temperature of the 
cathode may be neutralised. In this case it may 
be necessary to connect Suitable series and/or 
shunt resistances to ra that illustrated being a 
series resistancers. 
The neutralising effect may be increased by 

replacing resistance X5 by a Second thermistor 
having a negative temperature coefficient of re 
sistance, the heating coil being connected in series 
or in parallel. With ra. 

It may not be necessary to compensate simul 
taneously for changes in both the supply sources. 
If the high tension Source only is to be compen 
sated, then the thermistor T3 Will be replaced by 
a directly heated thermistor, the heating coil con 
nections being of course omitted. Alternatively, 
X5 may be omitted, in which case compensation 
of the heating source only Will be obtained. Fur 
thermore, if simultaneous compensation of both 
sources is required, it may be preferable to con 
nect an extra directly heated thermistor in series 
with T3, and to choose T3 so that it is not appre 
ciably affected by the changes in the cathode 
current. Compensation Will then be obtained 
with separate thermistors for the two sources. 
Another entirely different application of the 

invention is to the type of cathode ray tube tun 
ing indicator which is now commonly supplied 
with radio broadcast receiving sets, and which 
has come to be known by the term “magic eye.' 
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In this type of indicator a geometrical pattern 
appears on a fluorescent electrode or screen; the 
area of the pattern depends on the level of the 
signal applied to the device and reaches a maxi 
mum. When the Set is accurately tuned to the 
station it is desired to receive. 
The difficulty which has hitherto been experi 

enced with this type of indicator is that it lacks 
Sensitivity, and does not operate over a suff 
ciently wide range of incoming signal levels. 
For example, when tuning to a strong station 
which is close by, the indicator will be fully op 
erated by the Sidebands before the carrier wave 
is properly tuned in; and in the case of a dis 
tant and/or weak Station, it may be found that 
practically no effect can be produced on the 
indicator. 
Thermistors may be used to remedy these dif 

ficulties in a simple way. Fig. 5 shows a magic 
eye Wt of the Ordinary type comprising a valve 
Section and an indicator section which share 
the Sane cathodek. The valve section comprises 
a control grid g1, and a plate p1, and the indi 
Cator Section consists of a control electrode g2 
which is connected to p1, and a fluorescent plate 
or electrode p2 on which the indicating pattern 
appears. The plate p2 is directly connected to the 
positive terminal HT-- of the high tension source 
and the plate p1 is connected thereto through a 
high resistance X6. The control grid g1 is earthed 
through the grid resistance X3, and a directly 
heated thernistor T having a positive tempera 
ture coefficient of resistance has its resistance 
element R connected in series with the cathodek. 
The usual method of operating the magic eye 

Will be briefly described. The fluorescent area 
on the electrode p2 depends on the potential of 
the control electrodega with respect to the cath 
ode, being increased when this potential in 
creases. The potential of p1 depends on the plate 
current of the valve section of the device and 
Will be lower than that of the plate voltage sup 
ply Source by the potential drop in the high 
resistance X6. 
The valve section is so biassed that when no 

signal is applied to the control grid g1 the plate 
Current is large So that the plate voltage is low. 
This allows only a Small area of the electrode p2 
to become fluorescent. A negative voltage pro 
portional to the incoming signal level (usually 
derived from the automatic volume control volt 
age) is applied to the control grid gi. This 
raises the plate voltage by reducing the plate 
Current and So raises the voltage of the control 
electrode g2 and consequently also increases the 
fluorescent area. 
According to the invention, the cathode ic is 

biassed positively with respect to the control grid 
g1 by connecting the resistance element R of the 
thermistor T in series with it. With no input 
signal and the plate current at a maximum, the 
thermistor will be hot and will have a high re 
sistance which should be chosen so that the prop 
er bias is obtained. When a negative signal is 
applied to the control grid g1, as already ex 
plained, the plate current is decreased and this 
Will decrease the resistance of the thermistor. 
The combined effect is to decrease the cathode 
potential So that the effective signal voltage ap 
plied to the control grid g1 is reduced. In other 
words, a contrast contraction has been produced. 
Thus the sensitivity of the device may be de 
signed for incoming signals of low level Without 
producing overloading of the indicator for high 
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level signals, or in other words the effective range 
of the device has been increased. 
As already explained in connection with the 

earlier embodiments, the thermistor may be Sup 
plemented by the use of series and/or shunt re 
sistances such as X1 and X2 (not shown in Fig. 5) 
to secure a suitable characteristic. 

Since the variations of the cathode potential 
Will affect also the indicating part of the device, 
it may be preferable in some cases to provide it 
with a separate cathode separately biassed in any 
convenient way, so that the valve current 2.22d 
the beam current become independent of one 
another. 
The range of sensitivity may be still further in 

creased by providing the magic eye with a beam 
or beams having two separate control electrodes 
one much more sensitive than the other. This 
is shown in Fig. 6. The tuning indicator W.1 has 
a valve section k1, g1, p1 as in Fig. 5, and two in 
dicator sections having a common cathode k2 
separate from k1. There are two plates p2 and 93 
and two corresponding control electrodes g2 and 
g3 of which g2 is connected to p1 as before, and g3 
is connected to a tapping point on a potention 
eter connected between p1 and earth. The po 
tentiometer comprises a resistance Xi and the 
resistance element R5 of a directly heated ther 
mistor T5. The cathode k1 has the resistance 
element R4 of a directly heated thermistor T4 
connected in series as in Fig. 5. T4 and T5 should 
both have a positive temperature coefficient of re 
Sistance. 
The plates p3 and p3 are both connected to the 

positive terminal HT-- and could actually be 
represented by different areas in the same elec 
trode. 
The section p2, ga operates in the manner de 

scribed in connection with Fig. 5, and should be 
designed principally for the lower level signals. 
Section p3, g3 will be less sensitive because the 
control electrode is subjected to only a fraction 
of the voltage of p1, and moreover, as this volt 
age is reduced when the signal level increases, 
the potentiometer ratio decreases due to the cool 
ing of the thermistor T5. Both effects operate to 
make the section p3, g3 relatively insensitive SO 
that it will not be easily overloaded by high level 
signals. 
As already explained, series or shunt resist 

ances may be combined with T5 as may be re 
quired. Similar results would be obtained by giv 
ing T5 a negative temperature coefficient and in 
terchanging it with Xi: or X7 could be replaced 
by a third directly heated thermistor having a 
negative temperature coefficient. 
In One frequently used form of the magic eye, 

the fluorescent electrode is circular, and the con 
trol electrode is shaped like a cross and is cen 
trally placed, so that a quadriiform clover leaf 
pattern is produced. By dividing the cross into 
two parts represented by ga and g3, respectively, 
in Fig. 6, the two pairs of clover leaves could be 
separately controlled, one pair only being ap 
preciably affected by weak stations and the other 
pair being used for strong stations which over 
load the sensitive pair. 

In all the embodiments of the invention de 
Scribed above, the minimum of detail has been 
shown for simplicity; although in general triode 
valves have been shown, they may have addi 
tional electrodes which may be biaSSed in any 
convenient way. Many of the auxiliary arrange 
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ments shown are conventional and may be varied 
as may be found desirable. 
What is claimed is: 
1. In an electronic device including a thern 

ionic valve having a cathode, grid and anode, a 
source of electrical potential having its positive 
side connected to said anode, and a source of 
electrical energy for heating said cathode Con 
nected thereto; means for compensating for Vari 
ations in Said Source of energy Coriprising an 
indirectly heated thermistor having a resistance 
element and a thermistor heater associated there 
with, means connecting said element between 
the cathode and the negative side of Said source 
of potential to provide a self-biasing arrange 
ment, and means connecting the thermistol heat 
er to said source of electrical energy to be heated 
thereby. 

2. An electronic device according to claim 1, 
wherein said compensating means also compen 
sates for variations in the voltage from said 
source of potential, said resistance element hav 
ing a high temperature coefficient of resistance 
With a positive characteristic. 

3. An arrangement for compensating for the 
effects of supply voltage changes on the Opera 
tion of a thermionic valve including a therm 
ionic valve having a cathode, grid, and anode, 
a supply voltage Source connected to supply the 
operating voltages for said valve, a thermistor of 
the indirectly heated type with a positive tem 
perature coefficient of resistance, said thermistor 
having a heating coil and resistance element, said 
resistance element being connected in series be 
tween the cathode of said Valve and the nega 
tive terminal of the voltage source of said valve, 
and an auxiliary resistance connected between 
the positive terminal of said voltage source and 
said cathode whereby a voltage divider is formed, 
and a cathode heating source, the heating coil 
of said thermistor being connected to said cathode 
heating source to be heated by current therefrom. 

PRAFULLA KUMAR CHATTERJEA. 
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