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This invention relates to remote control sys 
tems for volume or gain control of electron dis 
charge device amplifiers and more particularly 
to remotely controllable volume control systems 
for the low frequency amplifiers of radio re 
ceivers, for granophone amplifiers and for simi 
lar apparatus. - 

It is often required to provide for remote 
volume control of low frequency amplifiers-for 
example, for remote volume control of remotely 
tunable radio receivers-but it has hitherto been 
found very dificult to provide for such control 
Satisfactorily except by the use of somewhat com 
plex and expensive apparatus. For example, it 
has been proposed to effect remote volume con 
trol of the audio reproduction of a radio receiver 
by means of an attenuator in the speech coil 
circuit of the usual moving coil loudspeaker. 
Even, however, when the receiver embodies anti 
fading automatic volume control acting on a car 
rier amplifier (A. W. C.)-the usual case-the 
audio output Walve Will tend to be overloaded 
when receiving strong signals from local Stations 
(which usually provide best quality of reception) 
and under-loaded when receiving Weak stations, 
thus causing loss of sensitivity the reason for 
this defect being that the A. W. C. System is never 
perfect. Moreover, with volume control by means. 
of an attenuator in the speech coil circuit, mis 
matching of the output valve and the loud 
speaker will be occasioned unless a constant in 
pedance attenuator-a device which is difficult 
to design to be really of constant impedance and 
which, moreover, is apt to be expensive-is en 
ployed. Those known systems in which remote 
control is effected electro-mechanically by means 
of a tele-motor or similar System. Controlled at 
the control point and operating to move the 
handle of a volume control impedance positioned 
at the receiver itself do not, of course, present 
the above type of defect, but they are complex 
and are lacking in reliability. 
According to this invention the output circuit 

of the electron discharge device which is to be 
subjected to remote volume control is connected 
between a point on a potentiometer resistance in 
cluded between the anode and cathode of the Said 
device and “earth' or “frame' or other fixed 
potential point, and the cathode of Said device is 
connected to said fixed potential point through 
a cable which is in series with a remotely situated 
variable impedance which accordingly acts as a 
variable negative feedback impedance, the point 
on the potentiometer resistance being So chosen 
that when said variable impedance is adjusted to 
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its maximum value said point on said potention 
eter is at or near earth potential as respects 
the signals. Volume control by a variable nega 
tive feedback impedance in a cathode leg is, of 
course, Well known per Se. 
The invention is illustrated in and further 

explained in connection with the accompanying 
drawing, in which Figure i is a theoretical cir 
cuit illustrating the principle of the invention, 
and Figure 2 is a practical embodiment. 
In order that the invention may be the better 

understood there will first be described with ref 
erence to Fig. 1 a, theoretical circuit which Will 
assist in an understanding of the modus Operandi 
of the invention. In the theoretical circuit of 
Fig. 1 the terminal of two signal input terminals 
i, 2 is connected through an input condenSer 3 
to the grid 4 of a triode 5 and the other terminal 
2 is earthed. The grid 4 is connected to earth 
through a grid resistance 6 and the cathode 7 
of the triode is connected to earth through a 
resistance 8. Shunted by a by-pass capacity S. 
The anode 0 of the triode receives anode poten 
tial from a source (not shown) through an anode 
resistance and is connected through a cou 
pling condenser 2 to one end 3 of a potentiom 
eter resistance 4 the other end 5 of which is 
connected to the grid 4. A tap 6 on the potenti 
ometer fi is connected through a condenser f. 
to one output terminal 8 and the other output 
terminal 9 is earthed. Now, in this circuit, it is 
possible to adjust the tap 6 to a point which 
Will be at or near Zero potential as respects the 
working frequency (actually stray capacity will 
usually prevent an absolute Zero potential point 
being found) this point being such as to divide 
the potentiometer resistance into two parts a 
and b, (the part a being between 5 and 6 and 
the part b being between i3 and 6) such that 
b=ma, where m is the magnification factor of the 
Stage. As will be Seen later, this theoretical cir 
cuit, so adjusted, is practically electrically equiva 
lent to the embodiment of this invention now to 
be described With reference to Fig. 2, when ad 
justed to minimum Volume. 
In the embodiment shown in Fig. 2 the termi 

nal of two signal input terminals , 2 of an 
amplifier Valve 5 to be subjected to remote 
Volume control is connected to the control grid. 
4 of said valve through a condenser 3 and the 
other input terminal 2 is earthed. The grid 4 is 
Connected to earth through a grid resistance 6. 
The Cathode 7 of the valve is connected through 
a cathode leg resistance 8 shunted by a capacity 
9 to one end of the inner conductor IC of a con 



2 
centric cable (or to one wire of any other suitable 
cable) the outer conductor OC of which is 
earthed. The cable extends to the control point 
where a variable resistance WR is connected be 
tween its two conductors. The anode 9 of the 
valve receives anode potential through a resist 
ance f l and is connected through a condenser 
2 to one end 3 of a potentiometer resistance 
4 the other end 5 of which is connected to the 

cathode. One output terminal 8 is connected 
through a condenser i7 to an adjustable tap 6 
on the potentiometer and the other 9 is earthed. 
A condenser 20, which may be adjustable, is 
preferably connected between the tap and the 
cathode. 
With this arrangement the resistance VR at 

the control point-this resistance is the volume 
control device-applies negative feedback. When 
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this resistance is short circuited the stage acts 
almost as a normal resistance-coupled amplifier, 
there being only a slight loss of gain due to the 
potentiometer and a slight loss in higher fre 
quency response (this can be compensated for, 
if desired, in a preceding or succeeding Stage) 
due to the condenser 20 which is in shunt With 
a portion of the potentiometer. When the Vol 
ume control resistance VR is adjusted to maxi 
mum value, however, most of the signal input 
voltage is developed across it, the grid and Cath 
ode potentials become nearly equal (as respects : 
signals) and, if the tap 6 is suitably adjusted, 
a well defined position of minimum or approxi 
mately zero output is obtained just as in the 
theoretical circuit of Fig. 1. In initially adjust 
ing the circuit the volume control resistance WR 
is set at its maximum resistance value and the 
tap 6 and the condenser 20 are then alternately 
adjusted until as nearly as possible Zero output 
results. This adjustment once made, Smooth 
gain control from approximately Zero up to ap 
proximately the maximum gain of the valve can 
be obtained with very little distortion by ad 
justing the volume control resistance. 
The main purpose of the condenser 2) is to 

compensate for the cable capacity which is in 
shunt with the volume control resistance WR but 
it also allows the effects of valve and other Stray 
capacities to be compensated. 
The above described enbodiment has been ex 

perimentally tested with satisfactory results When 
using a volume control resistance having a max 
imum value as high as 50,000 ohms the cable be 
ing about 200 feet long with a capacity of about 
17 micro-micro-farads per foot. 
For the sake of simplicity it has been assumed 

that the valve 5 is a simple triode. It may, 
however, be any other suitable form of valve. 
If-as may be the case in Some radio receivers 
the valve 5 to be controlled is of the double 
diode-triode type or some similar type of mul 
tiple Section valve minor difficulties may arise 
due to internal valve capacities. In the normal 
double-diode-triode valve both the diode and 
triode sections have a common cathode and ap 
preciable capacities exist between the diode an 
odes and the triode electrodes, particularly the 
cathode. The fact that there is a common cath 
ode will introduce no difficulties provided that. 
the load resistance of each diode is returned di 
rectly to the cathode. If, however, Che diode load 
is returned to earth, for example in a radio re 
ceiver in which one diode is used for A. W. C. 
purposes and its load is returned to earth in 
order to give a delayed A. W. C. action, it should 
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2,245,803 
to some extent affected by the operation of the 
volume control. The effect of the inter-electrode 
capacities is to prevent a really good balance 
point and, therefore, a really good "minimum 
volume' adjustment being obtained. Neverthe 
less, even in this case a good range of volume 
control is obtainable. 

I claim: 
1. In an arrangement for controlling the out 

put of an electronic tube, means including a 
variable impedance device for providing nega 
tive-feedback between the output circuit and the 
input circuit of said tube, said variable imped 
ance device being adapted to control the amount 
of negative feedback, additional coupling for sig 
nal energy between said output circuit and the 
input circuit, Said additional coupling being ad 
justed so that with the variable impedance ad 
justed to provide maximum feedback the output 
of the amplifier is Substantially Zero. 

2. In combination with an electron discharge 
device provided with an anode, a cathode and a 
grid electrode, a pair of input terminals One 
thereof being connected with said grid electrode 
and the other thereof being connected to a point 
of fixed potential, a pair of output terminals, 
a potentiometer resistance included in a cir 
cuit between the anode and cathode of said de 
vice, a connection between a tap on said resist 
ance and one of said output terminals, the other 
of Said output terminals being common with the 
input terminals which is connected to said point 
of fixed potential, a cable having one conductor 
connected to said point of fixed potential and 
another conductor connected to said cathode 
through a cathode impedance device, and means 
including a variable resistance for connecting 
Said two cable conductors together. 

3. In an arrangement as described in the next 
preceding claim, capacity connected across that 
portion of the potentiometer resistance which is 
between the tap thereon and the cathode of 
the electron discharge device. 

4. In combination with an electron discharge 
device provided with an anode, a cathode and 
a grid electrode, a pair of input terminals one 
of which is connected with said grid electrode 
and the other thereof to a point of fixed poten 
tial, a pair of output terminals, a potentiometer. 
resistance included in a circuit between the anode 
and cathode of said device, a connection between 
an intermediate point of said resistance and one 
of Said output terminals, the other of said output 
terminals being connected to said point of fixed 
potential, a cable provided with a pair of con 
ductors, means including a cathode resistor for 
connecting one end of one of said conductors 
to the cathode, means for connecting the corre 
Sponding end of the other of said conductors to 
Said point of fixed potential, and variable re 
sistance means connecting the other ends of said 
two conductors. 

5. An arrangement as described in the next 
preceding claim wherein one end of said poten 
tioneter resistance is connected to the anode 
through a coupling condenser and the other end 
is connected directly to the cathode and a vari 
able condenser connected between the tap on 
Said potentiometer and the cathode end thereof. 

6. In an arrangement for controlling the vol 
ume output of a signal energy amplifier includ 
ing at least one electronic tube, negative feed 
back means between the output circuit and in 
put circuit of Said amplifier, said negative feed 

be borne in mind that the delay voltage will be 75. back means including a variable impedance 
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device for controlling the amount of negative 
feedback, additional means for feeding back sig 
nal energy from said Output circuit to said in 
put circuit, said additional means being adjust 
ed. So that with said variable impedance adjust 
ed to provide maximum feedback, the output of 
the amplifier is substantially zero. 

7. The arrangement described in claim 4 chair 
acterized by that the point of said potentiometer 
resistance to which the first named output ter 
minal is connected adjusts the amplifier for sub 

5 stantially zero output with the variable resistor 
adjusted for maximum feedback. 
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