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The present invention relates to thermionic
valve circuits and in particular makes use of the
special properties of the thermally sensitive re-
sistance elements known as thermistors for sim-
plifying the arrangements.

Thermistors have been in use for some years
and are characterised by a temperature coeffi-
ciend of resistance which may be either positive
or negative and which is moreover many times
the corresponding coefficient for a pure metal
such as copper. This property renders thermis-
tors particularly suitable for a variety of special
applications in electric circuits.

Various different materials are available for
the registance element of a thermistor, these
various materials having different properties in
other respects; as one example, a resistance ma-
terial naving a high mnegative temperature €O~
efficient of resistance comprises & mixture of

manganese oxide and nickel oxide, with or with-

oub the addition of certain other metallic oxides,
ihe piixture being suitably heat treated.

Thermistors have been employed in two differ-
ent forms: (@) known as a directly heated ther-
mistor and comprising a resistance element of
the thermally sensitive resistance material pro-
vided with suitable lead-out conductors or ter-
minals, and (b) known as an indirectly heated
thermistor comprising the element (@) provided
in addition with 2 heating coil electrically insu-
1ated 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 thermistor will also be af-
fected by the temperature of its surroundings
and may therefore be used for thermostatic con-
trol and like purposes Wwith or without direct
heating by the current flowing through it. An
indirectly heated thermistor is chiefly designed
to be heated by a controlling current whiech 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. L.
Pearson in the Bell Laboratories’ Record Dec.
1940, page 106.

In the present specification a number of mis-
cellaneous valve circuits will be described em-
podying 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
50 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
eathode 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-amplifier;

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

Tigs. 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
usual 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 thaf 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.

Tig. 1 shows how the difficulty may be over-
come according to the invention by connecting

- a directly heated thermisfor T ia series with the
_cathode of & valve V. A resistance X is con-

55 nected in series with the resistance element R
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oi the thermistor, and a resistance X: is con-
nected in parallel with the combination. Xs is
the input grid resistance, and the plate is sup-
plied from the positive terminal HT-+ of the high
tension source through a resistance Xi. Signals
are applied to the grid across Xz, and the ampli-
fled signals are taken directly from the plate.
Ti will be understood that the valve V 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 tem-
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

_I-X;(B+Xy)
B+X+ X,

If the potential applied to the control grid be
increased (that is, made more positive or less 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 Xi
and X 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 X» may not be required,
8o that the thermistor may be employed alone
in series with the cathode. Whether or not

B

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 Xz may be

connected to shunt the thermistor only and auxil-.

lary biassing means may be provided to assist in
adjusting the constant voltage to the desired
value.

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
X», 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 ftriode, it might have additional
electrodes provided with appropriate auxiliary
arrangements. When a pentode valve is used the
polarising voltage for the sereen 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.

On account of the fact that the time taken for
the thermistor to heat up is not inappreciable,
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

10

15

20

25

30

35

40

45

50

55

60

65

70

75

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 charac-
teristics of the thermistor, and the values of the
associated resistances X1 and X3 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
negative temperature coefficient may be very
steep and it will generally be easy to meet the
above condition. Either or both of the resistances
X and Xa 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
thermistor,

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 s
bractice commonly adopted in radio receivers,
but the methods used hitherto generally result
in asymmetric distortion which oceurs 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. Tt 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
method 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 Ri of
the thermistor Ti 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 X: 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 2 radio receiver,
the signals being at voice frequencies and taken
from the plate circuit through an output frans-
former OT. The heating coil 71 of the thermis-
tor, T 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 WIII be
heated by the output signals.

The resistance of the element R1 (togethe1 w1th
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
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. Aslong -

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 r1 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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ode potential. The extra resistance may alter-

natively be the resistance element of a second in-

directly heated thermistor having g positive tem-
perature coefficient of resistance and having its
hea.ting coil connected in series or.in parallel with
“This will produce a more rapid change in the
ca,thode potentlal whexn the signals are first re-
ceived. S
More than one valve may be controlled at the

Ssame time in the manner of Fig. 2 and its varia-

tions, by connéeting 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 exfreme 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.

Pig. 3 shows a different application of the in-
vention to a gas-filled rectifier valve Vi. If 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
cause may be avoided by connecting a thermistor
resistance element Rez in series with the cathode
of the gas-filled valve Vi as shown in Fig. 3.

"The heating coil r2 of the indirectly heated ther-

mistor T2 is shown connected in paralle] with the
cathode heater of the valve Vi 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
5> to the plate and cathode of Vi in series with Rz

and the direct current output terminals DC. The
thermistor T2 should have a negative tempera-
ture coefficient of resistance and when it is cold,
Re 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 HS. 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 72, or one with a positive temperature co-
efficient in parallel therewith, so that Tz would

‘not begin to be heated appreciably until the sec~

ond thermistor had become hot.

It will he 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 T 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 ma-
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 V. The cathode potential is obtained
from a potentiometer comprising a resistance Xs
and the resistance element Rs of an indirectly
heated thermistor Ts 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 ar-
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
ancther 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 Rs 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 r3 that illustrated being a
series resistance rs.

The neutralising effect may be increased by
replacing resistance Xs by a second thermistor
having a negative temperature coefficient of re-
sistance, the heating coil being connected in series
or in parallel with r3.

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 he 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 Ts, and to choose Ts so that it is not appre-
cigbly 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
aréa 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-
ented with this type of indicator is that it lacks
sensitivity, and does not operate over a suffi-
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 Vi of the ordinary type comprising a valve
section and an indicator section which share
the same cathode k. The valve section comprises
a’‘control grid g1, and a plate m, and the indi-
cator section consists of a control electrode gz
which is connected to p1, and a fluorescent plate
or electrode p2 on which the indicating pattern
appears. The plate pz is directly connected to the
positive terminal HT-} of the high tension source
and the plate pi1 is connected thereto through a
high resistance Xs. The control grid g1 is earthed
through the grid resistance Xs, and a directly
heated therristor T having a positive tempera-
ture coefficient of resistance has its resistance
element R connected in series with the cathode k.

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 electrode gz 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 Xs.

The valve section is so biassed that when no
signal is applied to the control grid ¢ 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 ¢i. 'This
raises the plate voltage by reducing the plate
current and so raises the voltage of the control
electrode gz and consequently also increases the
fluorescent area.

According to the invention, the cathode & is
hiassed 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 ¢i, 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 g: 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 thermisfor may be sup-
plemented by the use of series and/cr shunt re-
sistances such as X1 and Xa (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 separstely biassed in any
convenient way, so that the valve current and
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 Vi has
a valve section k1, g1, 71 as in Fig. 5, and two in-
dicator sections having a common cathode k2
separate from k1. There are two plates p2 and p3
and two corresponding control electrodes g2 and
g3 of which g2 is connected to m as before, and g3
is connected to a tapping point on a potentiom-
eter connected between p1 and earth. The po-
tentiometer comprises a resistance Xy and the
resistance element Rs of a directly heated ther-
mistor Ts. The cathode %: has the resistance
element Rs: of a directly heated thermistor Ti
connected in series as in Fig. 5. T+ and Ts should
both have a positive temperature coefficient of re-
sistance.

The plates pz and p3 are both connected to the

positive terminal HT4 and could actually be
represented by different areas in the same elec-
trode.

The section p2, g2 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 Ts. Both effects operate to
make the section 3, 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 Ts as may be re-
quired. Similar results would be obtained by giv-~
ing Ts5 2 negative temperature coefficient and in-
terchanging it with Xr7: 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 quadriform clover leaf
pattern is produced. By dividing the cress into
two parts represented by gz and g2, 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 ineluding a therm-
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 scurce of energy comprising 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 s2id source
of potential to provide a self-biasing arrange-
ment, and means connecting the thermistor 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.
LESLIE WILFRED HOUGHTON.
CHARLES THOMAS SCULLY.
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