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11 Claims,

My invention relates broadly to radio receiving
circuits and more particularly to a volume con-
trol system for radio receiving circuits.

One of the objects of my invention is to pro-

" vide a circuit arrangement for automatically con-

trolling the volume of sound reproduced by a

radio receiver independently of fading effects.
Another object of my invention is to provide

a circuit arrangement for a radio frequency am-

" plification system in a radio broadecast receiver

whereby resistance may be automatically intro-
duced into the circuits of the radio frequency
amplifier when the incoming signaling energy in-
creases in strength and the resistance reduced

" to normal values when the sighaling energy is of

normal amplitude.

Still another object of my invention is to pro-
vide a circuit arrangement whereby a resistance
interposed in the radio frequency circuits of a

 radio receiver may be normally activated to main-

tain the resistance in a condition in which it is
immedistely responsive to an increase in effective
value upen increase in the amplitude of the re-
ceived signaling energy for maintaining the re-

7 produced sound at substantially constant volume.

A further object of my invention is to provide
an arrangement of resistances which may be
interposed in the: resonant circuits of a radio
frequency amplifier in a radio receiving system in

© such position that the resistance is subjected to

heating effects by the incoming signaling energy
for intreducing resistance in the circuits of the
receiving system upon increase in amplitude of
the incoming signaling energy for compensating
for changes in the -amplitude of the signaling
energy and maintaining the volume of reproduced
sound substantially constant.

Other and further objects of my invention re-
side in the volume control and circuit arrange-

¥ ment as described more fully in the specification

hereinafter following by reference to the accom-
panying drawings, in which:

‘Fig. 1 diagrammatically illustrates the circuit
of my invention applied to a radic broadeast re-
ceiver and Fig. 2 illustrates a modified form of
control. circuit embodying the principles of my
invention.

My invention employs means for automatically
reducing the amplitude of current in one or more
of the radio frequency amplification stages of a
radio receiver when the incoming signaling en-
ergy becomes too strong. I arrange a resistance
in cireuit with one or more of the radic fre-
quency amplifier stages and provide a connec-
tion from the output circuit of the final stage of

(CL 179—171)

amplification by which the temperature condi-
tion of the resistance may be controlled in pro-
portion to the amplitude of the current in the
sound reproducer circuit. Under normal values
or conditions of this resistance there is substan-
tially negligible effect upon incoming signaling
energy. However, under conditions of fading the
signaling energy may rise to greater proportions
thus increasing the temperature of the resist-
ance and correspondingly increasing the effec-
tive value of the resistance. The resistance thus
interposed in the radio frequency amplification
system tends to reduce the amplitude of the
sighaling energy which passes therethrough thus

reducing the volume of the reproduced sound. As Y

the volume of the reproduced sound decreases
the temperature condition of the resistance de-
vice is reduced to normal and the effective re-
sistance thereof correspondingly reduced, allow-
ing the signaling energy which is supplied to the
reproducer circuib to be maintained at normal,
Referring to the drawings in more detail, ref-
erence character 1 designates an antenna, system
connected with primary winding 2 of a trans-
former system having secondary winding 3, con-
stituting part of a resonance circuit tuned by
variable condenser 4 and connected to the input
circuit of electron tube 5, which constitutes the
first stage of radio frequency amplification for
the receiving circuit. The receiver includes a
second . stage of radio frequency amplification
constituted by electron tubes 6, a succeeding
stage of radio frequency amplification including
electron tube 7, a detector tube 8 and two stages
of  audio Ifrequency power amplification in-
dicated at 9 and 10. The several stages of the
radio frequency amplifier and detector are suit-
ably coupled through the transformers 11, 12
and 14, The audio frequency power amplifier
circuits are coupled through transformers 15 and
16, respectively. Hach stage of radio frequency
amplification and the detector is tuned ag desig-
nated at 4, 17, 18 and 19. 'The sound reproducer
is indicated at 20 connected in the output of
the final stage of power amplification. I pro-
vide an audio frequency transformer 21 having
its primary winding 22 connected in series with
the sound reproducer 20 in the sound reproduc-
ing circuit. The transformer 21 has a secondary
winding 23 which is connected through the con-
ductors 24 with the resistance bridge circuit
designated at 25. The bridge circuit resistance
comprises arms 25a, 25b, 25¢ and 254 connected
as shown. The resonance circuit including the
secondary winding of transformer 11 and tun-
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ing condenser 17 constitutes a fank circuit and
is disposed in series with the resistance bridge
circuit across the terminals 27 and 28 thereof.
The leads 24 connect to the resistance bridge cir-
cuit across the terminals 29 and 30 thereof.
Radio frequency choke coils 21 and 32 are dis-
posed in cireuit with the leads 24 for preventing
radio frequency currents from passing to the
audio frequency control circuit. The trans-
former 21 has a tapped secondary winding 23
wherein the taps are connected to the adjustable
switch 45. The tap 4b¢ entirely eliminates the
secondary winding 23 thus rendering the opera-
tien of the set independent of the automatic con-
trol feature. The adjustable switch 45 enables
the volume control circuit to be adjusted to a
selected operating point by varying the amount
of audio frequency heating current supplied to
the compensating resistance.

The power supply system for the circuits of
the receiving apparatus lead from the primary
connection 38 through the transformer sysiem
34, rectifier 35, filter circuit 36 to the petentiom-
eter circuit 37 from which taps are taken to the
several power circuits of the receiver.

Tn order to maintain the resistance device in
2 sensitive condition so that it will respond rapid-
1y to a resistance change due to a temperature
change under conditions of increase in signal
amplitude, I introduce in circuit with the resist-
ance, a predetermined normal potential. This
energy is obtained from the potentiometer 37 and
in Fig. 1 I have shown the manner of obtaining
this potential by means of taps 40 and 41 on po-
tentiometer 37, which taps are disposed in series
with the audio frequency control circuit 24 with
condenser 42 disposed in shunt thereto. The
connection to the common cathode return lead
extends from one end of the resonance circuit
which contains the secondary winding 11b of
the coupling transformer 11. .

The grid bias circuit is completed through
choke coils 31 and 32 and resistors 26c and 25d
to taps 40 and 41 on potentiometer 37 through
the secondary winding 23 of transformer 2L.
The resistance of the transformer secondary 23
is small as compared to both resistors 25c and
25d and the portion of potenticmeter 37 between
taps 40 and 41 and therefore will not affect the
bias potential nor the value of the direct current
which maintains the resistance bridge circuit at
operating temperature. Condenser 44 com-
pletes the radio frequency path in the tuned in-
put circuit returning to the cathode in tube 6.
An example of the values of the resistances em-
ployed in the compensation system is as follows:
The radio frequency inductance 11b of the cou-
pling transformer is constructed with a high
degree of efficiency having as small a radio fre-
quency resistance as possible. This coil, as well
as the other coupling coils in the radio frequency
amplifier is wound with conductor having a mini-
mum radioc frequency resistance. For example
at very high frequencies solid conductor is to be
preferred whereas within the broadeast band
litzendraht -conductor is to be preferred. The
resistance of secondary inductance 11b may be
for example approximately 10 ohms. A similar
registance. is effective across the resistance
bridge, that is each resistance member 25a, 25D,
95¢ and 254 has a value of 10 chms when operat-
ing at normal signal intensity and subject to the
passage of current from taps 40 and 41 along
the potentiometer 37. Condenser 44 has a ca-
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pacity of approximately .001 mfd. Condenser 42
has a value of 1 mifd.

Tn Fig. 2 T have shown a modified circuit ar-
rangement wherein the electron tube 6 has its in-
put circuit connected with the tuned resonance
circuit including variable condenser 17 with the
variable resistance member 38 disposed directly
in series therein. 'The leads 24 from the audio
frequency control circuit which connect through
transformer 21 with the output circuit of the
final stage of power amplification, convey variable
energy to resistance 38 through the choke coil 39
and variable tap 38a. Tap 38z may be selective-
1y positioned along resistance 38 in order to regu-~
late the amount of volume control which may be
obtained. As the amplitude of the current in-
creases through the sound reproducer 20 the cur-
rent flow through the audio frequency control
circuit increases and the current through the re-
sistance 38 increases raising the temperature
thereof and increasing the resistance so that the
effective strength of - the incoming signaling
energy may be reduced.

The normal temperature regulating current
passes through resistance 38 from taps 40 and
41 on potentiometer 37 as hereinbefore explained
in connection with Fig. 1. The bias potential
which is applied to the grid electrode of tube 6
is a potential intermediate the potential along re-
sistance 37 at either tap 40 of 41. The amount of
current normally passed through the resistance
bridge 25 or the resistance device 38 is regulated
by selectively positioning taps 40 and 41 on poten-
tiometer 37. The resistance element 38 or the
resistance elements of the resistance hbridge 25
are brought up to a sensitive condition by the pas-
sage of current therethrough so that upon in-
¢rease in current due to fading effects the tem-
perature rise increases the effective resistance of
the resistance members and decreases the vol-
ume of sound from the sound reproducer 20.

The compensation circuit may be disposed in
any one or more of the stages of radio frequency
amplification. Various modifications may be
made in the circuit arrangements and it will be
understood that rapid changes in fluctuations of
sound will not serve to change the effective re-
sistance of the amplification circuit to a sufficient
extent to change the value of reproduced sound.
The effective resistance changes only under a con-
dition of gradual volume change such as is
brought about under conditions of fading. The
wire constituting the resistance elements is se-
lected for required resistance values and in order
to insure more rapid response the resistance ele-
ments may be mounted within a vacuum of se-
lected value. The greater the vacuum the more
rapid will be the control action. The compensa-
tion system of my invention insures reproduction
of sound at uniform volume adding to the quality
and enjoyment of radio broadcast programs.

While I have described my invention in cer-
tain preferred embodiments, I desire that it be
understood that modifications may be made and
that no limitations upon my invention are in-
tended other than are imposed by the scope of
the appended claims.

What I claim as new and desire to secure by
Letters Patent of the United States is as follows:

1. An amplification system comprising a plu-
rality of electron discharge devices coupled one
to another, resonant circuits connected with each
of said electron discharge devices and means dis~
posed in series in one of said resonant circuits for
automatically controlling the amplification char-
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acteristics of one or more of said electron dis-
charge devices in accordance with variations in
the signal output of said electron discharge de-
vices.

2. An amplification system including a multi-
plicity of thermionic tube circuits coupled one to
another and thermally responsive means con-
nected in series in the resonant circuit connect-
ing with one of said tube circuits and controlled
by a succeeding thermionic tube circuit for vary-
ing the effective resistance of said preceding se-
lected tube circuits according to the amplitude
of the reproduced signaling energy in the circuit
of said succeeding electron tube circuit.

3. An amplification system including a plu-
rality of electron tube radio frequency amplifica-
tion stages, tuned circuits connected therewith,
an amplification system, an impedance device
connected in series in a selected tuned circuit,
and means connected with said amplification sys-
tem for energizing said impedance device accord-
ing to the amplitude of the reproduced signaling
energy for controlling the effective resistance of
said selected tuned circuit.

4. A volume control system for amplifiers com-
prising in combination with a multiplicity of am-
plification stages, coupling circuits intermediate
said stages, tuning means for said coupling cir-
cuits, resistance elements disposed in circuit with
the tuning means in one of said coupling circuits,
a circuitous path from one of said amplification
stages to said resistance elements for subjecting
said resistance elements to the effects of a thermal
current proportional to the intensity of the re-
produced signaling energy for correspondingly
controlling the effective resistance of the coupling
circuit containing said resistance elements and
maintaining the volume of reproduced sound sub-
stantially constant.

5. In a radio receiving system a multiplicity of
electron discharge devices, resonant circuits con-
nected therewith, a resistor in one of said res-
onant circuits, and means for effecting a change
in the resistance of said resistor in accordance
with variations in signal output of the receiving
system.

6. In a sighal receiving system a multiplicity of
electron tubes, resonant circuits connected there~
with, a resistor in the form of a bridge connected
in one of said resonant circuits, and means for
subjecting said bridge to heating current in ac-
cordance with current changes through a suc-
ceeding electron tube for changing the effective
resistance of said bridge and correspondingly
controlling the amplitude of current through said
succeeding electron tube.

7. A volume control system for amplifiers com-
prising in combination with a multiplicity of am-
plification stages, coupling circuits intermediate
said stages, tuning means for certain of said
stages, resistance elements disposed in circuit
with the tuning means in one of said coupling cir-
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cuits, means for passing heating current continu-
ously through said resistance elements, a cir-
cuitous path from one of said amplification stages
to said resistance elements for subjecting said
resistance elements to the effects of a thermal
current proportional to the intensity of the re-
pbroduced signaling energy for correspondingly
controlling the effective resistance of the cou-
bling circuit in which said resistance elements are
connected and maintaining the volume of repro-
duced sound substantially constant.

8. A signal amplification system comprising a
multiplicity of electron tube amplification stages
interconnected one with another, tuning means
for certain of said stages, a resistance member
disposed in series with the tuning means in one of
said electron tube amplification stages, means for
varying the conductivity of said resistance mem-
ber according to the change in volume of the
reproduced signaling energy and means for de-
termining the normal effective value of said re-
sistance.

9. A signal amplification system comprising a
multiplicity of electron tube amplification stages
interconnected one with another, an inductance
and capacity path for tuning certain of said am-
plification stages, a resistance member disposed
in circuit with the inductance and capacity path
in one of said electron tube amplification stages,
means for varying the conductivity of said re-
sistance member according to the change in vol-
ume of the reproduced signaling energy and
means for subjecting said resistance to the pas-
sage of a continuous heating current for fixing the
normal conductivity of said resistance whereby
the effective resistance of said amplification stages
to the passage of signaling energy may be con-
trolled.

10. A signal amplification system comprising a
multiplicity of electron tube amplification stages
interconnected one with another, means for tun-
ing certain of said stages, a resistance member
disposed in circuit with the tuning means in one
of said electron tube amplification stages, a cir-
cuit for subjecting said resistance member to the
passage of a continuous heating current and
means for superimposing a variable current upon
said resistance proportional in amplitude to the
volume of the reproduced signaling energy for
correspondingly varying the effective value of
said resistance member.

11. A signal receiving system comprising a mul-
tiplicity of electron tube amplification stages, a
resistance member ccnnected in circuit with one
of said amplification stages, a circuit including a
transformer connected with a succeeding ampli-
fication stage for supplying heating current to
said resistance member, and means for selectively
fixing the ratio of said transformer for controlling
the amount of heating current supplied to said
resistance member.
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