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' VOLUME CONTROL ‘SYSTEM

" James: M. Riddle,, Jr;, ;West-Collingswood, N. J,,
assignor..to- ‘Radio Corporation:of America, a
corporatlon .of: Delaware

-Application -June-30, 1937; ‘Serial:No. 151 215"

11 Claims.

“'The invention-relates- to - volume “control - sys-
tems- Tor-electric-signal ~amplifiers for radio re-
ceiving -apparatus -and-the- Tike -and’ has: for- its
primary-object to provide- an-improved-and -sim-

: ‘plified- volume -control : system fot- -amplifiers of

the ‘character referred:to.

The- invention particularly - relates- to audio
frequency -amplifiers -and- has-for -its-further -ob-
ject to provide an -auxiliary volume control cir-
cuit for -such amplifiers in-additien-to- a~normal
volume control means-as-ordinarily-provided-in
radio receiving systems and the‘like.

It is also a further object-of the-invention-to
provide a- volume control system for-automobile
radio receiving systems which ‘thay ‘be actuated
independently of the mnormal -volume  control
therefor, by the accelerator -or -other speed re-
sponsive control means in-an automotive- vehicle.

A volume control - system ‘in -accordance’ with
the invention further -contemplates “the-élimina-
tion of ‘certain bypass capacitors' for- the audio
frequency circuits- whereby thé ‘cost of the a.ppa-
ratus may be-reduced.

The invention will, however, be-better-under-
stood from- the following -description-when-con=
sidered in connection with the: accompanying
drawing and its scope- w111 be pointed-out-in- the
appended claims.

In the drawing, Figure 1“is a schematic-¢ir-
cuit diagram of a radio receiving  apparatus
provided with a volume control 'system~embod'y-'
ing - ‘the invention,

PFig. 2-is a similar schematic c1rcult dlagram
showing a portion of the circuit:of ‘Fig. 1 modi:

5 fled to . include a further embodiment- of- the

invention, and

Fig.- 3 is a circuit dlagram showing an: addi-
tional ‘modification of the circuit of Fig, 2, in
accordance with the invention.

Referring to Fig. 1, a radio receiving system
adapted for use in an automotive vehicle is indi=
cated at 5 and is provided with a .detector- 60of
the diode rectifier type from .which audio fre-
quency signals are derived  through a volume

5. control device Tand applied fo the control grid’s

of an audio frequency’ amplifier included in. the
same envelope with the. rectifier.

The amplifier and rectifier. have a common
cathode 8 and the amplifier is provided with an
output anode 10, the latter “being coupled
through-an output coupling- circuit 11 with-a
second ‘audio frequency: amphﬁer 12 -which- sup-
plies ‘signals to a loudspeaker -or ‘sounid: produc—
ing device 13-

The cathode -of the- ampliﬁer tube-12:4s 1nd1-

(CL 179—171)
coted -at- 18-4nd is “‘connected through a self-bias

resistor -I5:to-a terminal ‘16-to which the cathode.

9-of:the ‘amplifier--and -detector- 6 is connected
through- a bias resistor 1. The terminal 16 is

connected to ground:- #8; which is the negative

plate ‘supply connection for the receiving system;
through-a- resistor 19 ‘which may be-adjusted to
a-desired valie-as indicated by the arrow 20 rep-
resenting-any adjustable oxr variable control ele-
ment ‘therefor.

“"The voliime -control -network-at-21 is of rela-
tively -high impedance with-respect-to ‘the resist-
ance -of “the ‘cathode -citcuit comprising the re-
sistors 15, 17-and 19-and-the value -of -a bypass
capacitor- for ‘the cathode 9 is relatively low
being- substantially-:01-mfd. in connection with
a-Fesistor 17+ of 3000 ‘ohms; a resistor-15~of 330
ohms-and-a resistor-19:variable between zero -and
20 -ohms, for -example. It this-case the tubes
employed &t 6:and 12 a¥e RCA6QTG and 6V6G,
respectively, ‘although ‘the -system:is not’limited
thereto. )

With - a relatively -small--bypass- capacitor at
22 ‘and with- ho- bypass capacitor across the
cathode resistor -15 each -stage may operate de-
generatively by inverse feedback or lose gain by
o' factor of

B : 1

Rk
Rp+Rr+Ri
Where the constants vefer to those of the stage
in-question, and -where:

1+

Rr—cathode.circuit resistance,
Re=plate resistance, and
Ri=load resistance in theplate circuit.

The feedback- catises-a loss of gain sufficient to
véduce ‘the -amplification . ‘below: normal, - this
being - caused by the resistors: 15-and {T-in the
present -example.. This less in gain is restored
to-a -desired -value-by- the common cathode re-
sistor-19-which i§-in the-cathode:-circuit:of both
stages-of ‘the amplifier-and, since it is also un-
bypassed; a -stable-direct feedback between the
input ahd:output-is-obtained which raises the
gain of the amplifier-to- a value detemined by
the -amount -of: resistance inserted at {9. THis
feedback is-substantislly  uniform- over the fre-
quency range of the smplifier and introduces ho
appreciable distortion: -Therefore; theré is no
appreciable detrimental effect upon- the  fidelity
of ‘reproduction - of received signals.

‘It will:be:seen that independent control of gain
may thus be obtained to control the signal volume
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2
in a receiving system having a normal volume
control device such as that shown at 1. The
latter is usually mounted in position to be oper-
ated from the driving position in an automotive
vehicle and is adjusted for normal volume, as
desired, from & signal or transmitting station
program being received.

. By connecting the control element 20 of the
feedback ‘control resistor 19 to a speed responsive
or speed control device such as an accelerator
pedal indicated at 23 through a connection indi-

cated at 24, the gain of the amplifier may be in- ~

creased automatically with increases in speed

thereby to inerease the volume or signal level and

compensating for the normal rise in noise level’
accompanying increased speed in automotive
vehicles, whereby a received program may be

heard with substantially constant apparent vol-

ume at any speed of travel.

The resistor 19 is of relatively low resistance
to limit the amount of feedbacktoa predetermined
value and may be provided in some instances by

‘a low resistance lamp filament as shown in the

circuit of Fig. 2 to which attention is now directed.

In this circuit the same circuit elements as in
Fig. 1 bear the same reference numerals. It will
be seen that the resistor 18 may be disconnected
from the cathode circuit by a switch 25 and the
cathode circuit may then be completed through a
low resistance lamp 28 whereby the speed respon-
sive control is eliminated and the amount of
feedback is determined by the lamp resistance.

If the lamp is connected to a variable source of
heating current such as the loudspeaker output
circuit indicated at 27 an increase in the sound
output of the receiving system will result in in-
creased current through the lamp and an increase
in the resistance of the filament 28. The increase
in resistance causes an increase in the feedback
potential developed across the lamp filament and
an increased gain whereby volume range expan-
sion is provided by a simple circuit connection
between the lamp and the loudspeaker circuit.

In the present example this circuit is indicated
at 29 and is controlled by a switch 30 whereby
the volume range expansion may be cut off when
the switch 30 is opened. In the latter case the
lamp filament 28 remains at a substantially con-
stant resistance whereby a predetermined amount
of feedback is obtained for normal amplification
of signals.

Also if the amplifier is overbiased or operated
such that the average cathode current increases
as signal output increases, volume range expan-
sion may be obtained by opening switch 30 and
connecting the cathode circuits through the lamp
filament 28 to ground, etc.

In either of the circuits described the use of
relatively low or no bypass capacitors across the
cathode resistors results in a material saving of
cost in the construction of a receiver which in
turn is multiplied by the number of receivers con-
structed which may in certain manufacturing
lots run into several thousands. The phase rela-
tion between the current supplied to the resistor
26 through the resistor 15 and through the lead
29 are aiding in providing the same control of
degeneration and regeneration as with the resis-
tor 18 in circuit. The operation of the feedback
system in Figure 2 is otherwise the same as that
for Fig. 1 and further description is believed to
be unnecessary.

Referring now to Fig. 3, wherein the same
reference numerals are applied to like parts as in
Fig. 2, it will be seen that a fixed resistor 35 is

2,160,788

substituted for the variable resistor 19 and is
controlled by a switch arm 36 in connection with
a confact 837. With the switch in the position
shown the operation of the amplifier to which the
circuit leads are connected is the same as in Fig. 1
or Fig. 2 with the resistor 19 adjusted to a fixed
value.

The switch 36 is provided with two additional
contacts 38 and 39 the latter providing a connec-
tion in the common cathode circuit to include
both the temperature responsive variable resist-

‘ance device 26 and the variable resistance device

i8. The contact 38 is connected between the
series connected resistors 19 and 28 whereby as
the switch arm 36 is connected with the contact
38 only the resistor {9 is included in the regenera-
tion circuit whereby the operation of the control
device 19 is the same as in Fig. 1. Under such
conditions of operation the switch 30 may be
opened.

With the switeh 30 closed and with the switch
contact 36 at the contact 38 the variable resistor
19 not only controls the feedback and the gain of
the amplifier to control the volume in a direction
to increase the signal level or volume with in-
creased speed, but also operates to reduce the load
upon the output circuit or loudspeaker voice coil
thereby additionally increasing the volume. In
this manner a combined control of the output load
and amplifier gain is provided by a single control
means in response to a variation in the speed of
travel of the vehicle.

At low speeds with the resistor {9 at a relatively
low value the temperature responsive resistance
device 28 will respond to increases in the signal
output from the receiver and by increasing the
resistance of the device, will tend to unload the
output circuit with increases in the signal level,
thereby providing volume expansion. This effect
is gradually reduced as the resistance of the de-
vice 19 is increased since the two devices are in
series in the same circuit. The phase relation
between the current through the resistor 15 and
through the lead 29 are the same as in Fig. 2 to
aid the degenerative-regenerative control action
described in connection with Fig. 1.

With the switch 36:at the contact 37 as shown,
the effect of the volume expansion control by the
lamp or resistance device 26 may be controlled by
speed changes while the gain of the amplifier
remains substantially constant.

When the switch contact 86 is at the contact
39 the signal variable resistance device 26 and the
speed responsive variable resistor 19 are both in
the gain controlling circuit of the amplifier and
jointly operate to increase the gain with increase
in volume or output level and speed whereby both
speed control of the volume and volume expan-
sion are obtainable through the same circuit. In
this case as in the previous case mentioned an
lincrease in the resistor {9 tends to reduce the
volume expansion effect which is not required at
relatively high speeds because wide variations in
volume range tend to carry the lower volume level
below the noise level of the vehicle resulting from
windage and motor operation.

The use of the series speed and volume expan-
sion circuit alone as provided by the temperature
responsive resistance element 28 and the speed
responsive variable resistance element 19 across
the loudspeaker circuit is shown, described and
claimed in my copending application Serial No.
151,216 filed June 30, 1937, concurrently herewith
for Volume control systern and assigned to the
same assignee as this application.
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T:claim as my invention:

1. Tn anelectric-distharge amplifier comprising
- pliitality of €lectric discharge amplifying tubes
coninécted in‘caseade relation, a: common cathode
circuit for a pair of said tubes, a resistor -eletnent
cohniected in circuit with-each-cathode, a ‘resistor
cleimeiit in sdid cathode -circuit, -and-circuit con-
nections for causing the -alternating current out-
put of said tubes-to flow through- said resistors,
whereby -a predetermined: degeneration is estab-
lished by said-first named resistor elements-and a
cotipensation regeneration established' by -said

" last named resistor element in-said cathode cir-

cuit. : .

2. In an-electric-discharge amplifier comprising
a-plurality of electric discharge amplifying tubes
connected in cascade relation, a common-cathode
cireuit for a pair of said tubes, a resistor -element
connected in circuit with each cathode, a resistor
elément in said cathode circuit, and eircuit con-
riectionis for -causing the alternating current out-
put ‘of said tubes to flow through said resistors,
wheréby a predetermined degeneration is estab-
lished by said first named resistor elements and a
conipensation regeneration established by -said
last named resistor element in said cathode cir-
cilit, said common cathode resistor element being
variable, and means ‘for varying said resistance
to vary the gain of said-amplifier.

3. In a radio receiver for an automotive vehicle,

the combination of a plurality of electric dis-
charge signal amplifier tubes having a common
cathode circuit, individual cathode resistors for
at least two of said tubes, a common variable
resistor in said cathode circuit, circuit connec-
tions for said resistors for causing the alternating
current output of said tubes to flow therethrough,
and a speed control element connected with said
last named resistor to vary the same in accord-
ance with variations in speed.

4. In a radio receiver for an automotive vehicle,
the combination of a plurality of electric dis-
charge signal amplifier tubes having a common
cathode circuit, a separate cathode resistor for
each of at least two of said tubes connected with
said common cathode circuit, a common variable
resistor in said cathode circuit, a speed control
element connected with said last named resistor
to vary the same in accordance with variations in
speed, an output circuit for said receiver, means
providing a temperature responsive variable re-
sistance element in said output circuit, and selec-
tor switch means for including said last named
element in said common cathode circuit.

5. A volume control system for radio receiving
apparatus and the like including in combination,
a signal amplifier comprising a plurality of am-
plifier tubes having a common cathode circuit,
separate impedance elements, one in circuit with
each cathode of at least two of the amplifier
tubes, for effecting a flow of the output alter-
nating current through said impedance elements
and a predetermined degree of degeneration in
'said amplifier, a variable impedance element in
said cathode circuit common to said tubes, volume
control means for applying a signal to said am-
plifier, and means for independently varying said
last named resistor thereby to control the gain
bf said amplifier. :

6. A volume. control system for radio receiving
apparatus and the like including in combination,
a signal amplifier comprising a plurality of am-
plifier tubes having a common cathode circuit,
separate impedance elements, one in circuit with
each cathode of at least two of the amplifier

3

tubes for-effecting a flow ‘of the output alternat-
ingicurrent through said-impedance -elements-and
a-predetermined- degree of degeneration in said
arnplifier, o ‘variable:impedance element in- said
cathode -eircuit- common: to 'said tubes, volume
control -mheans for ‘applying a signal to said
dmplifier, ‘arid-means-for independently varying
said last named resistor thereby to control the
gain -of said ‘amplifier, ‘said last- named means
comprising a speed control elemerit for an auto-
motive ‘vehicle whereby the gain of said amplifier
is--controlled in accordance with variations in
speed control of said vehicle.

7.- A> volume -control-system for radio. receiv-
ing apparatus -and the like comprising in-com-
Bination, an audio-frequency amplifier inciuding
at ‘least two amplifier tubes, volume -control
means for applying controlled audio frequency
signals ‘to-said amplifier, a cathode “circuit for
each of said tubes, at least one of which includes
an-impedance element having noappreciable fre-
quency -‘characteristic within the audio frequency
range, said:citcuits being joined, a negative anode
current-supply connection for'said amplifier, and
a second-impedance element connected between
said last named connection ‘and the junction ‘of
said circuits, -said last named means having no
appreciable frequency characteristic within the
atidio ‘frequency range, the alternating current
output of said tubes being caused to flow through
said impedance elements, and the relation be-
tween the impedance values of said elements be-

_ ing such that a predetermined degree of degener-

ation is introduced into the amplifier and a pre-
determined degree of added compensating regen-
eration whereby audioc frequency bypass means
in the cathode circuits are eliminated.

8. A volume control system for radio receiving
apparatus and the like comprising in combina~
tion, an audio frequency amplifier including at
least two amplifier tubes, volume control means
for ‘applying controlled audio frequency signals
to said amplifier, a cathode circuit for each of
said tubes, at least one of which includes an im-
pedance element having no appreciable frequency
characteristic within the audio frequency range,
said circuits being joined, a negative anode cur-
rent supply connection for said amplifier, a sec-
ond impedance element connected between said
last named connection and the junction of said
circuits, said last named means having no ap-
preciable frequency characteristic within the
audio frequency range, the relation between the
impedance values of said elements being such that
a predetermined degree of degeneration is intro-
duced into the amplifier and a predetermined
degree of added compensating regeneration
whereby audio frequency bypass means in the
cathode circuits are eliminated, an audio fre-
quency output circuit for said amplifier, a low
resistance temperature responsive resistance de-
vice connected with said output circuit to receive
at least a portion of the signal output there-
from whereby the temperature and resistance
of said device varies in accordance with varia-
tions in the signal output level from said ampli-
fier, and means for selectively including said
last named device in circuit with said cathodes
between said negative anode circuit connection
and the junction of said cathode circuits.

9. In a radio receiving system for automotive
vehicles and the like, the combination of an
audio frequency amplifier including at least two
amplifier tubes, volume control means for ap-
plying controlled audio frequency signals to said
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amplifier, a cathode circuit for each of said
tubes, at least one of which includes an imped-
ance element having no appreciable frequency
characteristic within the audio frequency range,
said circuits being joined, a negative anode cur-
rent supply connection for said amplifier, a sec-
ond impedance element connected between said
last named connection and the junction of said
circuits, said last named means having no ap-
preciable - frequency characteristic within the
audio frequency range, the relation between the
impedance values of said elements being such
that a predetermined degree of degeneration is
introduced into the amplifier and a predeter-
mined degree of added compensating regenera-
tion whereby audio frequency bypass means in
the cathode circuits are eliminated, an audio fre-
quency output circuit for said amplifier, s low re-
sistance temperature responsive resistance de-
vice connected with said output circuit to re-
ceive at least a portion of the signal output there-
irom whereby the temperature and resistance of
said device varies in accordance with variations
in the signal output level from said amplifier,
means for selectively including said last named
device in circuit with said cathodes between said
negative anode eircuit connection and the junc-
tion of said cathode circuits, said second imped-
ance being variable, and means responsive to var-

2,160,788

iations in the speed control of a vehiclé by which
said receiver is carried for varying said imped-
ance device thereby to vary the volume level of
the receiver output in accordance with variations
in speed.

10. In a radio receiver for an automotive ve-
hicle, the combination of a plurality of electron
discharge signal amplifiers having a common
cathode circuit, separate cathode resistors for
at least two of said amplifiers providing con-
nections between said amplifiers and said com-
mon cathode circuit, a fixed resistor, a resistor
arranged to be varied in accordance with the
speed control of said vehicle, and means for alter-
natively including in said common cathode cir-
cuit said fixed resistor or said variable resistor.

11. In a radio receiver for an automotive ve-
Licle, the combination of a plurality of electron
discharge signal amplifiers having a common
cathode circuit, separate cathode resistors for
at least two of said amplifiers, a fixed resistor,
a resistor arranged to be varied in accordance
with the speed control of said vehicle, a tempera-
ture responsive variable resistor, and means for
alternatively including in said common cathode
circuit said fixed resistor, said speed responsive
resistor or said variable resistor and said tem-
perature responsive variable resistor.

JAMES M. RIDDLE, Jr.
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