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When it is desired to maintain at a constant 
level the output voltage of an electronic amplifier, 
the method commonly used consists in rectifying 
this voltage and in utilizing the potential differ 
ence thus obtained for biasing of a tube having 
a variable slope. In addition to a certain con 
plication, this method has the drawback of caus 
ing the value of the output voltage thus main 
tained constant to depend on the characteristics 
of a tube, and to involve a grid characteristic with 
a large curvature which makes it necessary, in 
Case the harmonicS of the input voltage are 
troublesome, to make this voltage very small. 
The purpose of the present invention is to 

obtain, in a simple manner a regulation, Substan 
tially independent of the temperature, of the 
Voltage level at the output of an amplifier by 
means of elements having a high temperature co 
efficient as, for example, thermo-sensitive resist 
2CeS. 

t depends mainly on a method for the regula 
tion of the output voltage of an amplifier. It is 
a characteristic of the method that the input 
voltage for the amplifier is picked up at the ter 
minals of a thermo-Sensitive resistance included 
in a potentiometer input circuit to the terminals 
of which the signal to be amplified is applied. 
Also part of the output voltage of the amplifier is 
applied to an independent heating winding asso 
ciated with the thermo-sensitive resistance. 
This method also provides for a compensation 

of the effect of a variation of the ambient tem 
perature on the ratio of the input potentiometer 
by the presence of a second thermo-sensitive 
resistance in Said potentiometer. 
Another object of the present invention is the 

provision of circuits utilizing the above described 
method. . 
Three embodiments of the invention are de 

Scribed in the following specification and illus 
trated in the accompanying drawings wherein: 

Figure 1 shows a circuit arrangement com 
prising only two thermo-sensitive resistances for 
obtaining the desired effect: 

Figure 2 shows a circuit diagram comprising 
an additional fixed resistance, and 

Figure 3 shows a circuit arrangement for manu 
ally controlling the output level of an amplifier. 
In the circuit of Figure 1, the source E sup 

plies, through thermo-Sensitive resistances and 
2, the amplifier 3, part of the output voltage of 
which is sent, by the network 4, to the heating 
element 5 of the thermo-Sensitive resistance 2. 
The resistance elements of the two thermo 
Sensitive resistances and 2 form a potentiometer 
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whose middle tap a constitutes one of the input 
terminals of amplifier 3. To any output voltage 
variation of the amplifier there corresponds a 
compensating variation of the resistance 2, whose 
value varies inversely to its temperature. It is 
to be noted that the variations both of the source 
and of the amplifier are compensated. 
Thus, if it is assumed that the voltage supplied 

by the Source E decreases, the output voltage of 
the amplifier decreases likewise; the fraction of 
this voltage sent to heater 5 of the thermo 
Sensitive resistance. 2 decreases likewise so that 
the temperature of this thermo-sensitive resist 
ance is lowered while its resistance increases. 
This causes a modification of the potentiometer 
ratio in the direction which increases the voltage 
at the amplifier input terminals and restores the 
amplifier output to its normal level. 
In case the voltage Supplied by the source does 

not vary but the output voltage of the amplifier 
varies, the method of operation is the same. If 
the output voltage rises, the heating of the 
thermo-Sensitive resistance 2 becomes more in 
tense, the resistance of said thermo-resistance 
decreases and a smaller fraction of the input, 
voltage is delivered to the amplifier, the potenti-. 
Ometer ratio varying in an opposite direction to, 
the preceding example. 
The thermo-Sensitive resistance f is provided 

for securing a compensation of the effect of a 
given variation of the ambient temperature on 
the potentiometer ratio. The following calcula 
tion will allow a better understanding of the 
action of this thermo-sensitive resistance. 
Illet 

these expressions giving the values of resistances 
and 2 in terms of the absolute temperature T. 

In these expressions, a1, a2, b and b' are constant 
coefficients. 

If the internal resistance of the source E is 
neglected with respect to the sum of resistances 
R1 and R2, the voltage U at the input of the am 
plifier is given by the expression 

1 
1.-- RIR, 

in which E designates the value of the voltage 
Supplied by the source E. 
To reduce the variations of the output voltage 

as functions of the ambient temperature, which 
becomes an additional parameter, one may 
equate the values assumed by the ratio R1/R2 at 
any predetermined limiting temperatures T1 and 
T. 

U = E 
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Let t be the increase in temperature of the 
thermo-Sensitive resistance 2 caused by its heat 
ing element 5 for the normal operating point. 
The condition is: 

and it is satisfied for 
TXT, 

(T1--t) (T--t) 
The problem is thus solved, theoretically, if a. 
thermo-Sensitive resistance - is chosen, having 
the necessary temperature coefficient, b’. 
This is not always possible and it is just as 

Simple to take two thermo-sensitive resistances of 
the Sane type (b'=b’’) and to arrange, in series, 
a constant resistance R1 such as resistance 6 
of Figure 2. 
To make the input voltages equal at tempera 

tures T1 and , we must make 

aeb Ti-h gebT+ 
If R01 is the value of R1 attemperature. T: , 

Ro-ae''T. 
Whence, 

ae'' -Re:b(T- T.) TT 
the condition becomes: 

From Which one. derives the value R1 of the 
resistance 6 to insert in series: to obtain a per 
fect compensation attemperature T2. 

It is to be noted: 
l. That the internal-resistance of the generator 

may be inciuded in the resistance-R1, wihile the 
Compensation by a thermo-sensitive - resistance 
of the coefficient bi assumed the internai resist 
ance of the Source as being negligible compared 
With the Sun. R1--R2. 

2. That a thermo-sensitive resistance of any 
type would also give the desired result provided 
its temperature-coefficient is sufficiently high. 

It is quite obvious that various modifications of 
detail may be effected within the scopes of the 
present invention. 

Further, the term “thermo-sensitive resist. 
ance' used in the present description is to be 
taken in a very wide sense; it designates any re 
Sistance whose value decreases when its tempera 
ture increases. 
From the above it is seen that the present.in 

vention provides a means and method for auto 
natically regulating the output voltage of an am 
plifier, consisting in picking, up the input voltage 
for the amplifier at the terminals of a resistance 
element having a negative temperature coeffi 
cient and having an independent, heating; circuit, 
the resistance forming part of a voltage divider 
Supplied by the Source to be amplified and in ap 
plying part of the Voitage output of the amplifier 
to the heating circuit, of the resistance; element, 
Means have also been provided for compen 

Sating the effect of Wariations of the: aiiabient, 
temperature and circuits...for securing the desired 
result described. 

Under. Such conditions, the: heatings. Circuit. Of 
the, thermo-sensitive resistance is:energized by a 
current which is proportional to the output Wolts 
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4. 
age of the amplifier, so that the input voltage 
Varies in a direction inverse to the output volt 
age thus tending to keep the latter constant. 
The constancy of the output voltage is of course 

greater as the resistance variation of the thermo 
Sensitive resistance as a function of temperature 
increases. Now the coefficient of resistance Wari 
ation of the thermo-sensitive resistance depends, 
to a fairly large extent, on the temperature to 
Which the thermo-sensitive resistance is raised, 
i. e. in the present case, on the amount of cur 
rent foWing through its heating circuit. 
A further modification of the invention nakes 

it possible to modify at will the output voltage of 
the amplifier without displacing the operating 
point of the thermo-resistance Selected in con 
fornity With its construction. Thus, whateve 
Value may be Selected for the output voltage, the 
therno-Sensitive resistance Will be able to Oper 
ate at its optimum point. 
In this modification, the internal output, resist 

ance of the amplifier...is high compared to theire 
sistance in its output circuit and almost its whole 
load consisting of the heating circuit. of , the 
thermo-Sensitive cesistance. An adjustable. Te 
sistance is connected in series with Said thermo 
Sensitive, resistance: to vary...the output voltage of 
the amplifier. 
This modification is. ShoWr in Figure. 3 where 

in the current Source. E is connected through a 
voltage...divider consisting. of resistance. which 
is a resistance Sensitive to the. ambient tempera 
ture, and of the thermo-Sensitive resistance. 2, 
connected to the input terminals of annplifier 3. 
The last stage of the amplifier is constituted by 
an electronic tubehaving an internal impedance 
much larger than itS. Oad impedances, for ex 
ample, a pentode: 9. The transformer 3, con 
prises two secondary. Windings and ...', one. Of 
which energizes the Supply circuit and the 
other of which, Supplies the heating-circuit 5 
of the thermo-sensitive resistance. 2. The trans 
former. is designed in Such a mannel that for 
the normal input... voltage. and the norinal out 
put... current, the current. I flowing through 
the heating circuit., 5 of the therino-Sensi 
tive resistance 2. raises the latter to a tempera 
ture at which the resistance. Variation. caused by 
a variation of the current. I is large. A. Variable 
resistance 8 is connected in Series in the heating 
circuit, 5 of the theirno-sensitive resistance 2. 
Under Such conditions, the load of the trans 

former T being: assumed as consisting mainly of 
the heating, circuit. of the thermo-sensitive re 
sistance, for a Voltage of the Source:E, and a given 
amplification coefficient- for the amplifier, a 
variation of the resistance 8. does not appre 
ciably change the current flowing through: it, 
and, therefore the temperature of the therno 
Sensitive resistance, but allows an adjustment-of 
the output Voltage. 

The resistance 8 being. Set at a desired value, 
a variation of the voltage of E or of the amplifi 
cation coefficient will cause. a current variation 
in transformer. Tin-Such a direction that the re 
sistance of the thermo-Sensitive resistance-2 will 
be modified so as to oppose Said variation...and, 
consequently, to keep the output voltage-constant. 
While I have above described the principles of 

my: invention in connection with Specific appa 
ratus, it is to be understood that this descrip 
tion is made Only by-way of example and not as 
a limitation on the scope of the invention as set 
forth in the objects of my invention and the ace 
companying-claims:- 
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I claim: 
1. A device for automatic gain regulation of an 

amplifier having input and output signal termi 
nals, comprising a voltage divider, said divider 
including two thermo-Sensitive resistances hav 
ing negative temperature coefficients, one of said 
thermo Sensitive resistances comprising an in 
sulated heater for its indirect heating, a source 
of signal voltage connected to said voltage di 
vider, means connecting input terminals of Said 
amplifier to Spaced apart points on said voltage 
divider, a circuit for Supplying current to said 
heater and means coupling said circuit to the 
output signal terminals of said amplifier, where 
by the temperature of Said one resistance is in 
creased in response to an increase in amplified 
signal voltage at said amplifier output terminals. 

2. A device according to claim 1, wherein the 
input terminals of said amplifier are connected 
across the ends of said heated resistance. 

3. A device according to claim i, wherein said 
One resistance which is heated has a negative 
temperature coefficient of resistance of substan 
tially greater value than the temperature coeffi 
cient of resistance of the other thermosensitive 
resistance. 

4. A device according to claim 1, wherein the 
output stage of the amplifier has a high internal 
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resistance and wherein the circuit for supplying 
current to said heater includes an adjustable re 
sistance, whereby adjustment of said adjustable 
resistance permits the output signal voltage of 
Said annplifier to be adjusted to a desired level. 

5. A device according to claim 1, wherein the 
voltage divider includes a third resistance of 
value remaining substantially the same at dif 
ferent ambient temperatures, said resistance be 
ing connected in series, in said voltage divider. 

6. A device according to claim 5, wherein an 
appreciable portion of said third resistance con 
sists of the internal resistance of said signal volt 
age SOLICe. 
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