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The present invention relates to volume con 
trol arrangements for radio receivers and em 
ploys for this purpose thermally sensitive resist 
ance elements known as thermistors. 
Thermistors have been in use for some years 

and are characterised by a temperature coefficient 
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 thermistors 
particularly suitable for a variety of special ap 
plications in electric circuits. 
Various different materials are available for 

the resistance element of a thermistor, these var 
ious materials having different properties in other 
respects; as one example, a resistance, material 
having a high negative temperature coefficient of 
resistance comprises a mixture of manganese ox 
ide and nickel oxide, with or without the addi 
tion of certain other metallic oxides, the mixture 
being suitably heat treated. 
Thermistors have been employed in two differ 

ent forms: (a) 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 termi 
nals, and (b) known as an indirectly heated ther 
mistor comprising the element (a) provided in 
addition with a heating coil electrically insulated 
from the element. A directly heated thermistor 
is primarily intended to be controlled by the cur 
rent which flows through it and which varies the 
temperature and also the resistance accordingly. 
Such a thermostor will also be affected by the 
temperature of its Surroundings and may there 
fore be used for thermostatic control and like pur 
poses with or Without direct heating by the cur 
rent 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 nec 
essarily, 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 di 
rectly 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 Decem 
ber 1940, page 106. 

In the present invention thermistors are en 
ployed for volume control purposes in radio re 
ceivers and the like and are associated with the 
aerial circuit to provide means for varying the 
signal voltage which is applied to the first am 

5 

0 

5 

20 

2 
plifying stage. They can thus be employed for 
automatic or manual volume control and also for 
protective purposes to prevent the receiving set 
from damage due to abnormally strong signals 
from a transmitting station nearby, for example. 
According to the invention there is provided 

an arrangement for coupling a receiving aerial 
to the first amplifying stage of a radio receiving 
set, comprising a thermistor which is adapted 
to vary the level of the signals applied from the 
aerial to the first amplifying stage in accordance 
with the variations of temperature of the ther 
mistor. 
The invention will be more clearly understood 

from the detailed description which follows and 
which refers to the accompanying drawing, in 
which Figures 1 to 5 show schematic circuit dia 
grams of embodiments of the invention. 

Referring to Figure 1 there is shown the first 
amplifying stage of a radio receiver comprising a 
thermionic valve W shown conventional as a tri 
ode, but it will be understood that any conven 
ient type of valve may be used. The valve W is 
coupled to the aerial. A through a transformer 
IT, the secondary winding of which is tuned to 
the wavelength of the incoming signal by a var 
iable condenser C1, and the primary winding is 
connected in series with the aerial; and in ac 
cordance with common practice, it should pref 
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erably be only lightly coupled to the Secondary 
winding, Connected in shunt to the primary 
winding is the resistance element R of an indi 
rectly heated thermistor T of which the heating 
coil is r. A battery GB is conventionally shown 
for biassing the control grid of the valve V and 
a by-pass condenser C2 is provided. The plate of 
the valve is supplied with high tension through 
a load resistance R.A. and the output is taken to 
the next stage (not shown) from the plate in any 
known manner. 
Assuming that the thermistor T has a negative 

temperature coefficient of resistance, it will be 
evident that the voltage applied to the control 
grid of the valve W will be a maximum. When the 

45. thermistor is cold, and when the thermistor is 
heated in any suitable way the signal voltage re 
ceived from the aerial and applied to the grid Will 
decrease. The heating coil r may for example be 
Connected at B to a local circuit (not shown) con 
taining a Source of electromotive force through 
an adjustable resistance which may be manually 
controlled so that the thermistor temperature 
may be varied between any desired limits thereby 
adjusting the signal voltage applied to the con 
trol grid of the valve. Alternatively, it may be 



3 
arranged for the heating coil to be controlled 
by the automatic volume control voltage derived 
in any of the well known ways from some part of 
the circuit (not shown), so that the output level 
of the radio receiver may be made independent 
of the incoming signal level. 

It is clear that the thermistor could, if desired 
also have a positive temperature coefficient of 
resistance, and the only difference in the opera 
tion would be that the direction of control would 
be reversed. When the thermistor is used for 
automatic volume control in the marine de 
scribed above the temperature coefficient should 
be chosen in accordance with the manner in 
which the volume control voltage varies with the 
signal level. Thus, if the control voltage in 
creases with increase in signal level the ther 
mistor should have a negative temperature CO 
efficient, but if the control voltage decreases the 
thermistor should clearly have a positive ten 
perature coefficient, 
A suitable impedance Z may be connected in 

series with the aerial A as shown if the charac 
teristic of the aerial is such that the thermistor 
shunt would not act Over a sufficiently large range 
With the aerial alone. 
In Figure 2 there is shown a similar arrange 

ment applied to the case where it is desired to 
use a buffer valve immediately following the aerial 
having an untuned input circuit. The thermistor 
is connected in series with the aerial as before 
and takes the place of the grid resistance of the 
buffer valve W, the grid bias battery GB or other 
equivalent arrangement being connected in series 
there with. It will be evident that the thermistor 
will operate to vary the signal level applied to the 
control grid of the valve W in a similar manner 
to that shown in Figure 1, and its heating coil 
may be controlled in any of the ways which have 
been described. AS before, a suitable impedance Z. 
may be connected in Series with the aerial. The 
plate of the buffer valve W will be connected to 
the next stage (not shown) which will have a 
tuned input for selecting the desired wavelength. 

If it is desired to use a thermistor with a posi 
tive temperature coefficient of resistance, a simi 
lar result will be obtained if R and Z are inter 
changed. 
When a receiving set is in close proximity to a . 

transmitting station there is some risk of damage 
to the set should it be left connected to the aerial 
or accidentally tuned to the station, owing to the 
extremily high power of the signals that will be 
picked up. A directly heated thermistor may 
conveniently be used to remove this danger as 
shown in Figure 3. The valve W is coupled to the 
aerial A as in Figure 1, through a transformer TT, 
the secondary winding of which is tuned by means 
of the condenser C1. A directly heated thernistor 
T has its resistance element R1 connected in 
shunt with the secondary winding of the trans 
former. This thernistor should have a negative 
temperature coefficient of resistance. If signals 
at a very high level are received and if the trans 
former is tuned to the incoming wavelength a 
high voltage will tend to be developed across the 
thermistor. This will become hot and its resist 
ance will fall to a low value, thus reducing very 
considerably the voltage which can reach the 
control grid of the valve W, so that the risk of 
damage to the receiving set will be removed. The 
thermistor may be so chosen that when incoming 
signals having a reasonable level are received its 
temperature is low and tha value of Ri is Suffl 
ciently high that it does not produce much re 
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duction in the voltage applied to the control grid 
of the valve W. 
Another arrangement for minimising the effect 

of unwanted signals at a high level is shown in 
Figure 4. This figure is a modification of Figure 
1 and shows only the connections between the 
aerial and the tuned circuit, connections to the 
valve W being otherwise the same. In Figure 4 a. 
parallel resonant circuit , C3 acting as a wave 
trap is connected in series with the aerial and is 
tuned to the unwanted wavelength. This, of 
course, is a well known arrangement. However, if 
the unwanted signals are of extremely high level 
there may still be an appreciable residue applied 
to the input of the radio receiver and according 
to the present invention an indirectly heated 
thernistor T has its resistance element R, con 
nected in series with the aerial exactly as in Fig 
lure . The heating coil r of the thermistor T is 
Connected acroSS B, Suitable proportion of the in 
ductance L, so that when the unwanted signals 
are received a high voltage is developed across 
the inductance, which heats the thermistor and 
reduces its resistance R to 2, low value thereby 
heavily shunting the input to the valve V as 
described in connection with Figure 1. It will be 
seen that the action of the arrangement is simi 
lar to that of a potentiometer, the series imped 
ance of which comprises the wave trap and is high 
at the unwanted wavelength, and the shunt im 
pedance comprises the thermistor T which is low 
for the unwanted wavelength. In this manner 
the discrimination produced by the wavetrap is 
augmented by the therhistor. 

Figure 5 shows a modification of Figure 4 in 
which the parallel resonant circuit connected in 
Series with the aerial A is replaced by a series 
resonant circuit L1, C4 arranged to shunt the 
transformer IT. In this case the heating coil r 
of the thermistor is connected in series with the 
resonant circuit. The circuit L1, C being tuned 
to the frequency of the unwanted waves, the 
thermistors will have a maximum temperature 
and minimum resistance for these waves, and 
Will operate further to exclude them from the 
transformer. 

It will be understood that the operating ar 
rangements of the valve W which have been shown 
are conventional and may be provided in any 
other known way as desired. The invention lies 
in the use of the thermistor as part of the coul 
pling arrangement between the aerial and the 
first valve in such a way that the level of the 
signal applied to the first valve is varied in ac 
cordance with the temperature of the thermistor 
which may be controlled in any of the ways which 
have been described. Since, also, the thermistors 
will be affected by the ambient temperature, the 
effect of this may be compensated in any of 
the known ways. 
What is claimed is: 
1. A device for automatic volume control of a 

radio receiver comprising an aerial circuit includ 
ing an aerial, an indirectly heated thermistor 
having a heater, means connecting the resistance 
element of said thermistor in the aerial circuit, 
means for deriving electrical energy directly from 
the aerial circuit proportional to the energy reach 
ing said receiver, means connecting said deriv 
ing means to said heater whereby increase of 
energy causes said thermistor to absorb energy 
from Said aerial circuit, and a transformer for 
making a connection with the radio receiver hav 
ing a primary winding in which said thernistor 
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resistance shunts the primary of said trans 
former. 

6 
resonant circuit in said aerial connection for 
deriving electrical energy, and means connecting 2. A device for automatic volume control ofas? said resonant deriving circuit with the heater. radio receiver comprising an aerial circuit in 

cluding an aerial, an indirectly heated thermistor 
having a heater, means connecting the resist 
ance element of said thermistor in the aerial cir 
cuit, means for deriving directly from said cir 
cuit electrical energy proportional to the energy, 
reaching said receiver, means connecting said 
deriving means to said heater, whereby increase 
of energy causes said thermistor to absorb energy 
from said aerial circuit, a parallel resonant cir 
cuit which is connected in Series with the aerial 
to serve as a wave trap, the heating coil of the 
thermistor being connected to the said parallel 
resonant circuit, whereby undesired signals cause 
Said wave trap to function as said generating 
neaS. 
3. An aerial circuit for a radio receiver come 

prising an aerial having a connection with 
ground, an indirectly heated thermistor in the 
aerial connection which thermistor includes a 
heater, means in said aerial connection for de 
riving electrical energy, and means connecting 
said deriving means with the heater. 

4. An aerial circuit for a radio receiver com 
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prising an aerial having a connection with ground, 
an indirectly heated thermistor in the aerial con 
nection which thermistor includes a heater, a 30 

5. An aerial circuit for a radio receiver COmn 
prising an aerial having a connection with ground, 
an indirectly heated thermistor in the aerial con 
nection having a heater, a series resonant circuit 
in said aerial connection to derive electrical en 
ergy, and means connecting said series resonant 
deriving circuit with the heater. 
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