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This invention. relates. to amplifiers using 
thermionic valves, and has for its object auto 
matically...to maintain, constant, the gain of a . 
valve, despite variation in the source of such 
voltage. For such purpose the invention makes. 
use of a thermistor or thermistors. . . . 
Thermistors have been in: use for some years 

and are characterised by a temperature coeffi 
cient of resistance which may be either positives 
or, negative and which is moreover many times 
the corresponding coefficient for a pure metal 
such as copper. This property renders: ther: 
mistors particularly suitable for a variety of sp 
cial applications-in electric circuits. . . . . . . . . 
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Various different, materials are available for 15 
the resistance element of.a. thermistor, these 
various materials having...different properties in 
other respects; as one example; a resistance-ma 
terial having a high negative: temperature co-: 
efficient of resistance comprises a mixture of 
manganese oxide, and nickel oxide, with: or with 
out the addition of certain other metallic oxides, i. 
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the mixture being suitably heat streated. . . . . . . . 
Thermistors have been employed in two dif: 

ferent forms: (a), known as a directly heated: 
thermistor and comprising a resistance element 
of the thermally sensitive resistance material pro 
vided with suitable, lead-out conductors for ter 
minals, and (b) known as an indirectly heated. 
thermistor comprising...thecelement: (a), provided 30 
in addition, with a heating: coil electrically, in 3 
sulated from the element. A directly's heated: 
thermistor is primarily intended to be controlled 
by the current which flows through it and which 3, 
varies the temperature and also the resistance. 35 
accordingly. Such athermistor 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 in- 40 
directly, 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 as 
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 foundinian article by G, so 
L. Pearson in the Bell Laboratories' Record Dec.: 
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1940, page 106. ... 
According to the present invention an arrange 

ment for maintaining the gain of a thermionics, 
valve amplifier constant despite variations insis 
voltage of a source supplying the said amplifier. 
comprises athermistor heated by current:from: 
the said source and so connected between grid-i- 
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Figs, i. 2 and 3 show circui 

2, of a valve against variation in the heating cur: 

, thus making the grid more negative. A decrea 
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and cathode of the valve as to vary the bias on 
the grid of the valve to compensate. or changes 
in Said Source. . . . . . . . . 

: The nature of the finvention' will be better 
understood from the following description taken 
in conjunction with the accompanying drawings 
in which: :::::::: ... . . . . 3 & Sis: *::::: 

s for controlling 
the grid bias of athermionic valve to compensate 
for variations in the voltage of the high tension 
source :::::... . . . . . . . . . . . . . . . ; : ...: ;... 

Fig. 4 shows a circuit for stabilising the gaini 

rent for the cathode. . . . . . . . . . . . . . . . ;Referring to the drawings and more partic 
ularly to Fig. 1, at thermionic valve? is shown: 
for convenience of illustration as a triode. Thes: 

: power supplies are conventionally shown as bat 
teries, but, they may be provided in any Well . . 
known way....The loads.I.is' connected between 
the positive terminal of the battery HT and the: 
anode. A suitable biasis applied to the grid from . 
a portion of the high tension battery" and this 
is partly counterbalanced by the potential differ 
ence developed across a directly heated thermistor. 
3 having a negative temperature-coefficients of 
resistance. The thermistor 3 is connected inse-... 

...ries with resistance 5 across battery H.T. If the 
voltage of the battery:HT rises, the resistance. 
of thermistor 3 falls and thus the potential dif 
ference across it." The bias on the grid then 
becomes more negative. If the potential. of the: 

the grid becomes less negative. . . . . . . . .: 
The arrangement should preferably be such 

that the change in voltage on the grid of the 
valv nsequent upon a change in voltage of . 

a battery. HT falls a reverse action takes place and 

the battery HT is 1/u of the latter, where p is the 
amplification factor of the valve. Otherwise, the 
compensation will not be complete. is 3: . 
Fig.2 shows an arrangement: similar to that . 

of Fig.1 but using an indirectly heated thermistor 
T. In this case, the heating coir of the ther 

"mistor. T is connected in series with resistance 5: 
across the battery HT whilst a potentiometer con-... 
sisting of the resistance Rof thermistor T. and 2. 
a constant resistance 2 is connected across the: 
grid bias battery GB. The grid of valvelis. 
connected through resistance 4 to the point be-, 
tween resistance R and 2. An increase in the 
battery voltage increases the curre - - - - - - - - - 

ses resistance R. 
in the voltages of battery HT has the reverse 
effect, - v 

Fig. 3 differs from Fig.1 in that a second di. 
rectly heated thermistori Gis connected in series 
with resistance 5 and thermistor 3 across the 

  

    

  

    

    

  

  

  

  

  

  



a481,806 . 3 
battery HT and grid bias battery G.B. Resistance 
and thermistor 3 are shunted by another re 

sistance 7. A rise in voltage of the battery causes 
a decrease in resistance 6 and hence an increase 
in the potential difference across resistance 
applied to resistance 5 and thermistor 3. This 
means an increase of current in thermistor 3 
and a decrease in resistance and hence a decrease 
in the potential difference opposing the battery 
GB and an increase in the negative grid bias. 
The reverse action takes place on a fall in the 
voltage of the battery. 
In a similar manner a directly heated thermis 
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tor may be connected in place of resistance 5 in 
Fig. 2 or in series therewith and has the effect 
of increasing the effect in the heating Coil 7 of a 
ahange in the battery voltage and thus increases 
the effective change in grid bias with a given 
change of battery voltage as compared with the 
circuit of Fig. 2, . - 
These arrangements may be used to control 

the grid bias of a plurality of valves. The grid 
of each valve may in such case be connected 
through an individual grid leak resistance 4 to a 
point on a potentiometer including a thermistor 
3 as in Fig. 1 or Fig. 3 or the resistance R of an 
indirectly heated thermistor as in Fig. 2, these 
points being different for valves requiring differ 
ent amounts of grid bias. 
The variation of resistance of a thermistor with 

current passing through, it may also be used to 
change the grid bias to compensate for changes 
in the voltage across the Cathode heater. Fig. 4 
shows a circuit for this purpose. The heater r1 
of an indirectly heated thermistor T1 is connected 
in parallel with the heater of the valve to the 
source HS. The grid bias is supplied from bat 
tery GB through resistance 4 from a potentiom 
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4. 
known manner for eliminating or reducing this 
effect if it should be appreciable. 
The arrangement should also preferably be 

such that when the power supply voltage is about 
the average value the temperature reached by 
any thermistor corresponds to a suitable operat 
ing point of the resistance-temperature charac 
teristic. Such a point will generally be the 
mid-point of the straightest and/or steepest por 
tion of the characteristic. The heating power 
should preferably be as large as possible com 
patible with this requirement in order to reduce 
the effect of changes in the ambient temperature. 
What is claimed is: 
1. In a device for maintaining the gain of a 

thermionic valve amplifier constant despite vari 
ations in voltage of a source supplying said am 
plifier, a thermistor including heater and resist 
ance elements, means for heating said resistance 
element proportionately to the voltage of said 
Source and independently of any signal current 
passing through said amplifier, said means com 
prising an impedance connected in series with 
Said heater and connections placing said im 
pedance and said heater in series across said 
Source, a source of negative bias potential, a 
connection from one end of said resistance ele 
ment to said source of negative bias potential, a 
grid resistor, a connection from the other end 
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eter comprising the resistance R1 of the ther- . 
mistor T. and resistance 8. A fall in the heater 
current causes an increase in resistance Ri and 
a reduction in the bias on the grid of valve to 
compensate for the fall in electron emission from 
the cathode. 

Part only of the cathode heater voltage may be 
used for the thermistor heater if desired. Con 
densers C, C may be inserted in series with the 
thermistor heater r1 so as to reduce the voltage 
across the cathode heater for this purpose. 

In the above description it has been assumed 
all through that the thermistors have a negative 
temperature coefficient of resistance. If desired, 
however, thermistors with a positive temperature 
coefficient may be used with small modifications 
to the circuits. Thus, in Fig. 1, if the thermistor 
3 be interchanged with resistance 5, the same 
result will be obtained when the thermistor has a 
pOSitive temperature coefficient. For the same 
purpose in Fig. 2, the resistance element R. of the 
thermistor T should be interchanged with re 
Sistance 2; and in Fig. 3, thermistor 3 and re 
sistance 5 should be interchanged, and also ther 
mistor 6 with resistance 7. In Fig. 4 the resis 
tance element R1 of the thermistor T should be 
interchanged with resistance 8. It will be evi 
dent, also, that where the circuit contains two 
thermistors (such as in the case of Fig. 3), they 
can have temperature coefficients of opposite sign 

: if desired, and it will be evident from the above 
explanation how the circuits should be arranged 
in each case. w 

As the thermistors will be affected to some 
extent by changes in the ambient temperature, it 
nay be necessary to provide means in any well 
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of said resistance element to said grid resistor, a 
connection from said grid resistor to the control 
grid of said valve, a second resistance external 
to said thermistor and connected at one end to 
the same end of said resistance element to which 
said grid resistor is connected, and a connection 
from the other end of said second resistance to 
a point positive with respect to said control grid, 
the relative values of said thermistor resistance 
element and said second resistance being selected 
so that said control grid is at all times main 
tained negative with respect to the cathode of 
said valve, whereby said thermistor functions to 
vary the bias on the grid of said valve to com 
pensate for changes in said source. 

2. Device according to claim 1, in which said 
thermistor is arranged to have a negative tem 
perature coefficient, whereby decrease of the volt 
age of said source decreases the negative bias on 
said control grid. 

3. Device according to claim 1, in which said 
amplifier has a cathode and in which said ther 
mistor is of the indirectly heated type and said 
Second resistance is connected between said ther 
mistor resistance element and said cathode. 

4. In a device for maintaining the gain of a 
thermionic valve amplifier constant despite vari 
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ations in voltage of a source supplying said am 
plifier, said amplifier containing a cathode and 
control grid, a thermistor including a heater and 
a resistance element having a positive temper 
ature coefficient, means for heating said resist 
ance element proportionately to the voltage of 
Said source and independently of any signal cur 
rent passing through said amplifier, said means 
comprising an impedance connected in series with 
the heater of said thermistor and connections 
placing impedance and heater in series across 
said source, a grid resistor, a connection from 
one end of the resistance element to a point posi 
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tive with respect to said control grid, a connection 
from the other end of said resistance element to 
said grid resistor, a connection from said grid 
resistor to the control grid of said valve, a second 
resistance external to said thermistor and con 
nected at one end to the same end of said re 
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sistance element to which said grid resistor is 
connected, a source of negative bias potential and 
a connection from the other end of said second 
resistance to said source of negative bias po 
tential, the relative values of said thermistor 
and said second resistance being selected So said 
control grid is at all times maintained negative 
with respect to said cathode, 

5. In a device for maintaining the gain of a 
thermionic valve amplifier constant despite vari 
ations in Voltage of a source supplying said amir 
plifier, said amplifier containing a cathode and a 
control grid, a thermistor of the directly heated 
type, means for heating said thermistor propor 
tionately to the voltage of said source and inde 
pendently of any signal current passing through 
said amplifier, said means comprising an im 
pedance and a resistance in series therewith, said 
impedance and resistance forming a single ele 
ment connected in series with said thermistor and 
connections placing said single element and said 
thermistor in series across said source, said source 
consisting of an anode source and a negative bias 
Source connected in series, a connection from One 
end of said thermistor to said source of negative 
bias potential, a grid resistor, a connection from 
the other end of said thermistor to said grid re 
sistor and a connection from said grid resistor 
to the control grid of said valve, the relative re 
sistance values of Said thermistor and said single 
element being selected so that said control grid 
is at all times maintained negative with respect 
to the cathode of said valve, 

6. In a device for maintaining the gain of a 
thermonic valve amplifier constant despite vari 
ations in voltage of an A. C. source heating the 
cathode of said amplifier, a thermistor includ 
ing a heater and a resistance element, means 
for heating said thermistor proportionately to 
the voltage of said source, said means compris 
ing condenser means connected in series with said 
heater, a source of negative bias potential, a con 
nection from One end of said resistance element 
to said source of negative bias potential, a grid 
resistor, a connection from the other end of said 
resistance element to said grid resistor, a cone 
nection from the grid resistor to the control grid 
of Said valve, a second resistance external to the 
thermistor and connected at one end to the same 
end of said resistance element to which said grid 
resistor is connected and a connection from the 
other end of said second resistance to a point pos 
itive with respect to said control grid, the rela 
tive values of said resistance element and said 
second resistance being selected so that said con 
trol grid is at all times maintained negative with 
respect to said cathode. W ax 

7. In a device for maintaining the gain of a 
thermionic valve amplifier constant despite varia 
tion in voltage of a source supplying said amplin 
fler, said amplifier containing a cathode and 
control grid, a thermistor of the directly heated 
type, means for heating said thermistor propora 
tionately to the voltage of said source and inde 
pendently of any signal current passed through 
said signal amplifier, said means comprising an 
impedance forming a single element connected 
in series with said thermistor, and connections 
placing said single element and said thermistor 
in series with each other and across said source, 
said source comprising an anode source and a 
negative bias source connected in series, said in 
pedance being constituted by a second thermistor 
and a resistance in series therewith with a re 
sistance in parallel with the second thermistor 
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and its series resistance, a grid resistor, a Con 
nection from a point between said second therm 
istor and its series resistance to Said grid re 
sistor, a connection from said grid resistor to the 
control grid of said valve, and the relative ree 
sistance value of Said thermistors and Said rea 
sistances being selected so that said control grid 
is at all times maintained negative with respect 
to said cathode. 

8. In a device for maintaining the gain of a 
thermionic valve amplifier constant despite varia 
tion in voltage of sources Supplying said ampli 
fier, said source comprising an anode source and 
a negative bias Source, said amplifier containing 
a cathode and a control grid, thermistor means 
connected with and responsive proportionately 
to the voltage of said sources and independently 
of any signal current passed through said signal 
amplifier, said thermistor means comprising two 
thermistor elements, a resistance connected in 
series with each thermistor element, connections 
between said thermistor means and resistances 
with said sources, connections between One 
thermistor element and the other element where 
by the first affects the response of the second, 
a grid resistor, a connection from a point between 
a thermistor element and the resistance in series 
therewith to said grid resistor, a connection from 
the other end of said grid resistor to the control 
grid of said valve, the relative resistance values 
of the elements of said thermistor, means and 
said resistances being selected so that said co 
trol grid is at all times maintained negative with 
respect to said Cathode. 

9. In a device for maintaining the gain of a 
thermionic valve amplifier constant despite varia 
tion in voltage of sources supplying said amplifier 
said amplifier containing a Cathode and a control 
grid, thermistor means connected with and re 
sponsive proportionately to the voltage of said 
sources and independently of any signal current 
passed through said signal amplifier, said thern 
istor means comprising two thermistor elee 
ments, an impedance connected in series with 
each thermistor element, one of the thernistor 
elements directly controlling the control grid bias 
and the impedance in series therewith being a 
resistance, connections between said thermistor 
means and said sources, connections between one 
thermistor element and the other element where 
by the first affects the response of the second, 
a grid resistor, a connection from a point between 
a thermistor element and the resistance in series 
therewith to said grid resistor, a connection from 
the other end of said grid resistor to the control 
grid of said valve, the relative resistance values 
of the elements of said thermistor means and said 
impedances being selected so that said control 
grid is at all times maintained negative with re 
spect to said Cathode. 
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