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This invention relates to volume range control
systems embodying signal amplifying means the
gain of which is increased and decreased in ac-
cordance with variations in the volume level or
average amplitude of applied signals, or the
modulation component thereof, to cause volume
range expansion or contraction to a predeter-
mined degree, or alteration of the original volume
or amplitude variation in a predetermined man-
ner, at the output end of the system.

It is an object of the present invention to pro-
vide an improved volume range control system
of the character referred to, which is adapted
to be embodied in a radio receiving system or
other signal conveying and amplifying channel,
and which comprises a - simplified circuit ar-
rangement and is highly stable in operation.

It is also a further object of the present in-
vention, o provide an improved volume range
expander system for radio receiving systems and
the like, having means for preventing extension
of the expansion range to cause overload of the
amplifying means employed, together with means
in the expander system for stabilizing the opera-
tion thereof.

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

In the drawing, Figure 1 is a schematic circuit
diagram of a radio signal receiving system em-
bodying the invention, and Figures 2, 3 and 4
are curves illustrating certain operating char-
acteristics of the system of Figure 1. :

Referring to Fig. 1, § represents the tuning
portion of a radio receiving system wherein sig-
nals are selected and amplified under control
of automatic volume control means 6. In the
present example, the portion 5 may be. taken
to represent the tunable R.-F. amplifier, con-
verter and oscillator, together with the first
stage I.-F., amplifier of a superheterodyne re-
ceiver provided with an automatic volume con-
trol means 6 which is preferably of the parallel
type. This portion of the receiving system, how-
ever, may be of any suitable type adapted to
provide selected and controlled signals in the
signal conveying channel of the system, at the
input circuit of a controlled amplifier, repre-
sented by the I.-F. amplifier stage 8.

The volume .range contrcl means associated
with the stage 8 comprises an expander or at-
tenuator control potentiometer 9—10, a volume
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range control amplifier 11 and rectifier 12, a bias 55

control circuit 13, and an interlocking diode
rectifier {4 connected to the stage 8 through a
cathode lead 19, a bias potential supply lead i6,
and a selector control switch 17,

In the present example, the controlled am-
plifier stage 8 is the second I.-F. amplifier stage,
representing any suitable number of amplifier
stages in the signal amplifying channel of the
receiving system adapted for variable gain con-
trol. In the -circuit shown, the gain is varied
by variation in biasing potential applied to the
stage 8 between the leads 15 and 16 in response to
the variations in modulation depth.

It may be assumed also that the stage 8 is
arranged to provide volume range expansion in
tiie signal channel, although it should be under-
stood that, depending upon .the direction of
change in biasing potential, the control stage 8
readily may provide volume range contraction as
well as expansion.

The signal receiving channel further includes,
by way of example, a third intermediate fre-
quency amplifier stage 20 and a second or audio
frequency detector 21 coupled thereto and in-
cluded in the same envelope 22 with the rectifier
2. It will be noted that the stage 20 is provided
with a connection 37 whereby it is  controlled by
the A. V. C. means 6.

The second detector 21 is preferably of the
diode type, as shown, ‘having a signal output
impedance 23 to which a first stage audio fre-
quency amplifier 24 is coupled at a tap point 25
ior deriving therefrom a portion of the detected
audio frequency signals. The amplifier stage
24 is provided with an output circuit 26 which
is coupled through a volume control device 27
to the remainder of the audio frequency am-
plifier indicated at 28 and a loudspeaker de-
vice 29. :

The second detector output circuit also in-
cludes a potential divider 30 connected in shunt
with a portion of the output resistor 23 and hav-
ing an output tap 31 connected through a lead
32 and a contact element 33 of the switch I1
with the control electrode 34 of a tuning in-
dicator device 35 which, as shown, may be a
usual tuning indicator tube of the cathode ray
type at present well known and extensively used
in receiving systems. However, any polarized
or bias potential responsive indicator may be
used. In the present example, the bias potential
is provided by signal rectification in the second
detector and is the D.-C. component of - the
rectified signal having a polarity as indicated:

By operation of the switch 1T in the direction




2
of the arrow, the contact element 33 provides a
connection for the control electrode 3§ with a
lead 86 which in turn is connected to the auto-
matic volume controcl means & of the receiving
system, so that the tuning indication may ke
taken therefrom. When connected to the A. V. C.
means, the tuning indication is as normally
provided in the usual receiving system.

With the present connection, the device 3%
provides a measure of the variation in the signal
amplitude applied to the second detector in re-
sponse to the variation in gain of the amplifier
stage 8, thereby indicating the degree of volume
range expansion or contraction provided as the
potential between the leads 1§ and I8 is varied.

The control voltage responsive to variation in
modulation depth of the received signal or the
modulation component of the signal provided by
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the expander control device 8, is derived from

the signal channel of the receiving system pref-
erably following the first audio frequency am-

plifier stage 24 at the output circuit 26, althocugh’

it may be derived from any other suitable point
in the sighal channel, after the audio signal
detector.

For this purpose, in the present example, the
expander control device 8 is connected in shunt
with the signal channel across the output circuit
26 of the first audio frequency amplifier stage 24
ana 1n series with a resistor 48 and a blocking
capacitor 42, An intermediate frequency by-pass
capacitor 41 is also included in this circuit.

The circuit arrangement is such that movement
of the contact 18 of the potentiometer device 8 in
an upward direction as viewed in the drawing
provides an increasing audio frequency signal
potential for the control amplifier. This potential
is applied through a circuit including a connéction
lead 43, a contact element 44 on the switch 17, a
lead 4% and a coupling capacitor 48, to the input
grid circuit 47 of the expander amplifier 1.

The demodulated or audio frequency. signals
thus applied are amplified by the first stage 48
and are conveyed therefrom through a suitable

coupling circuit 49 to a second stage amplifier 52 :

which in turn is coupled through an output cou-
pling capacitor 51 to the expander or volume
range control rectifier {2 comprising an anode 52
and a cathode 53 shunt-connected with an out-
put impedance comprising two resistor sections
84 and 85 having a midterminal 56 connected to
ground 57.

The polarity of the rectifier is such that in re-
sponse to received signals the terminals of the

impedance are polarized as shown, the positive :

terminal 58 being connected through a time-delay
filter network 58 with the grid circuit 18 of the
controlled amplifier 8, while the negative terminal
88 is connected through a second time-delay fiiter
network 6 with the control grid or input circuit
47 and the control grid 62 of the first stage of the
expander or control amplifier 14.

The cathode 83 of the control amplifier stage
48 is connected through a lead 64 with a terminal
§5 positive with respect to ground 86, on a poten-
tial source provided by a potential supply resistor
&7, the positive and negative supply leads of which
are indicated at 68 and 83 respectively. The
cathode tap 65 is normally substantially 3 volts
positive above ground 68 so that, in the absence
of signals, the biasing potential applied to the
grid 62 through ground 57, resistor section 535,
and filter @1, is three volts negative with respect
to the cathode. . -

The cathode Jead {5 of the amplifier 8 is con-
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nected through a ¢ontact element 16 and a lead
T{ with a positive terminal 72 on the potential
supply resistor 87 which may be substantially 11
volts positive with respect to ground 66, thus
placing an initial negative bias of substantially
11 volts on the input or control grid 73 of the am-
plifier 8 through the ground connection 57, re-
sistor section 54, and the filter 59, thence through
the Iead 1§ and the input circuit 1. In this con-
nection, it should be noted that the tubes 8 and
48 are preferably of the variable mu type fo pro-
vide a wide range of control without distortion.

With the arrangement shown, as the modula-
tion depth of the signal increases or as the con-
tact {4 is moved to apply a greater portion of the
audio frequency voltage across resistor 8 to the
amplifier {1, the voltage output from the rectifier
12 across the resistor sections 54 and 58 in series,
causing the negative biasing potential on the
grig 78 of the expander-controlied amplifier 8 to
decrease, thereby increasing the gain of the signal
channel of the receiving system and providing
volume range expansion in accordance with in-
creases in the modulation depth or in the ampli-
tude of the derived sighal modulation.

When. the signal reaches a maximum per-
missible value, the interlocking diode i4 comes
into operation to prevent a further decrease in
the biasing potential on the controlled smplifier
8. This is effected through a connection for the
anode 6 of the interlocking dicde {4 with the
negative grid lead 8, while the cathode 77 is
connected to a positive potential point 78 on the
supply resistor 87 which is substantially 3 volts
more negative than the terminal 72, or substan-
tially 8 volls above ground in the present ex-
ample.

Thus, when the output of the expander rec-

 tifier at the terminal 58 reaches a positive po-
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tential of 8 volts, the rectifier operates to main-
tain that voltage fixed, since it rectifies at a po-
tential above that value and thus limits the bias-
ing potential on the amplifier 8 to substantially
3 volts negative which is assumed in the present
example to provide maximum gain. This value,
however, may be adjusted to any suitable level
for the particular amplifier tube used.

At the same time that the negative biasing
potential on the grid 73 of the controlled am-
plifier 8 is decreased, the negative biasing po-
tential on the control grid €2 of the control am-
plifier tube 48 is increased, since it is connected
to the negative terminal 60 of the diode output
resistor 54-—55. Therefore, in response to applied
signals and an increase in the percentage modula-
tion or modulation depth, the biasing potential
on the control grid 73 of the main amplifier 8 in
the signal channel is decreased, while that on the
control grid 82 in the control amplifier channel is
inereased, resulting in increased gain in the main
channel and decreased gain in the control chan-
nel. The circuit providing this control arrange-
ment includes an intermediate tap 56 on the re-
sistor $4-—53% connected to ground, while thie posi-
tive and negative terminals 58 and 80, respective-
1y, are connected to the two channels to control
the biasing potential and gain in the two chan-
nels in an opposite sense one with respect to the
other as above pointed out.

From the foregoing description, it will be seen
that the main signal amplifying channel of a
receiving system is provided with amplifying
means such as the R~F., first detector, first
I-F. at 8, and a third I.-F. amplifier 2§ under
control of A, V. C. means which provides substan-
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tially flat A. V, C. action in that'the output of the
second detector 22 is made substantially con-
stant. with variations in signal strength, that is,
variations in the amplitude of a carrier wave
applied to the input circuit, By this means, the
output of the audio frequency or second detec-
tor is proportional to the modulation depth or
percentage modulation of the carrier wave and
substantially independent of the signal or car-
rier wave strength.

At a suitable point following the second detec-
tor, such as the output circuit 26 of the first audio
frequency amplifier stage, a signal is derived
across a variable potential-controlling device or
potentiometer 9—10 and is applied to a rectifier
12 through a suitable control amplifier channel
i,

The rectifier 12 is provided with an output
resistor or impedance 54—55 which is connected

to the common return ecircuit of the system at :

an intermediate point 56 thereby providing with
respect to that point two control potentials, one
positive and the other negative, which vary in
accordance with variations in the modulation

depth or percentage modulation of a received :

signal wave.

The positive potential is applied to the main
signal amplifying channel at one or more stages,
such as the stage 8 in the intermediate frequency
amplifier shown, to vary the gain thereof and
causing the output of the second detector 22 and
the gain between the antenna and the second
detector to vary in accordance with and to be
dependent ocn modulation depth of the received
signal and independent of the carrier wave
stréngth,

In the absence of signals, the amplifier 8, con-
trolled by the positive potential, is biased neg-
atively sufficiently to reduce its gain to a desired
minimum. = The gain is permitted to rise to a
maximum value determined by the interlocking
diode 14 which, in the present example, is so
biased that it prevents the reduction of the bias-
ing potential on the amplifier 8 below —3 volts,

which is assumed to be that at which the main -

signal channel has a maximum desired gain.
Thus, the signal channel is prevented from caus-
ing signal distortion in the presence of rela-
tively strong signals above the normal operating
range of modulation variation.

If the resistor sections 54 and 55 of the con-
trol rectifier are substantially equal, the negative
bias applied to the control amplifier 48 is the
same as the positive potential applied to the
main signal amplifier 8 and varies in exactly an
opposite sense. However, the relative values of
the two potentials may be adjusted by means
of the resistors 54 and 55. Both the filter net-
works 58 and 61 provide a desired time delay
in the application of the potential variation to
the two amplifier channels, .

The action of the rectifier {2 and the control
of the two amplifier channels may be further un-
derstood with reference to Figs. 2, 3 and 4, to

which attention is now directed along with Fig.’

1. . .
Referring particularly to Fig. 2, as the positive
potential at the terminal 58 is increased the
gain of the stage 8 is increased as indicated by
the curve 80 and continues to increase until
the interlocking diode I4 comes into operation
and holds the negative bias at the predetermined
value, which in this case is 3 volts. “When the
gain would tend to further:increase, the applied
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positive potential catises no increase in the. gain
as indicated by the portion 81 of the curve in
Pig. 2. :

The control voltage for the main amplifier
stage 8 designated as Eq is proportional to the
audio frequency input to the expander or con-
trol rectifier 12 and is proportional to the modu-
lation depth, being the voltage between the ter-
minals 56 and 58 across the resistor 54, as here-
inbefore described..

If the system is operating in equilibrium at a
certain average percentage modulation and the
modulation depth is increased, the result will be
greater control voltage Ez which, in turn, will
cause the gain of the second I.-F. amplifier .8
to increase, thereby resulting in a further .in-
crease in E: by reason of the increased gain in
the main channel preceding the second detector
22 and the output circuit 26 from which the
control audio frequency potential is derived,

In order to overcome this regeneration effect,
which has been one of the disadvantages of pre-
vicusly known systems of this character, the con-
trol or expander amplifier {1 is provided with the
amplifier stage 48 which operates inversely to
the second I.-F. amplifier so that the voltage
rectified in the expander rectifier 12 and the
voltage across the output resistor 54—55 is made
independent of the gain variations in the second
L-F. amplifier or main signal channel, whereby
the rectified control voltage will depend  only
on the modulation depth or percentage modula-
tion, and the system will operate with a desired
stability throughout the control range.

Accordingly, the resistance of the resistor sec-
tion 55 and the negative biasing potential, which
may be -designated Ei, is made such that the
gain in the amplifier stage 48 is reduced as the
applied signal from the circuit 26 through the
device 9—I10 is increased following an increase
in gain in the amplifier stage 8, by an amount
such that the output potential from the ampii-~
fier 1 as applied to the rectifier 12 and the con-
trolling potential across the resistors 54 and 55
does not change as a result of a change in gain
in the amplifier 8.

In other words, the overall gain of the system
from the input cireuit 1 through to the control
diode 12 is maintained substantially constant
;vith changes in gain of the controlled amplifier

The reduction in gain in the amplifier stage
48 is indicated by the curve 82 in Fig. 3, result~
ing in a substantially constant gain variation as
shown by the curve 83 in Fig. 4 as the derived
audio frequency signal voltage from the poten-
tiometer 9—10 is varied. .

Stated in other words, the variation in gain of
the main signal amplifier channel for volume
expansion or control purposes is prevented from
becoming regenerative by inserting in the feed-
back loop or control channel an_amplifier, the
gain of which varies inversely with respect to
the gain in the signal channel. )

In case. it is desired to operate the receiving
system without the volume range control or ex-
pansion, the switch {7 is operated to move the
contacts in the direction of the arrow causing
the indicator tube 35 to receive signals direction
from the A. V. C. means 6, as hereinbefore ex-
plained, and through the contact 45 grounding
the input.circuit 47 of the amplifier tube 48
through the ground connection 85 while the

_cathode lead 15 is connected through the con-
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tact 18 to a bias potential tap §6 substantially 6
volts positive with respect to greund 66, whereby
the gain of the amplifier 8 is set at a predeter-
mined intermediate level.

While the volume expansion or volume control
of the system has been shown and described in
connection with. a single I.-F. amplifier stage 8,
it should be understood that the control may be
applied to other amplifier stages or to any suit-
able means in an amplifying system for control-
ling the gain through the main signal channel,
the gain control appearing between the signal in~
put portion of the system and the point at which
the controlling modulation or audio frequency
signal is derived, with an amplifier and control
rectifier interposed between the last-named point
and the controlled amplifier, the gain of the
interposed amplifier being variable inversely with
the gain in the main channel in predetermined
relation thereto as described.

We- claim as our invention:

1. In a radio signal receiving system, the com-
bination of a variable gain signal amplifier, an
audio frequency detector coupled to said am-
plifier, volume range control means connected
between the output of said detector and said am-
plifier for causing the output of said detector to
vary proportional to the depth of modulation of
received signals, and means for preventing feed
back of gain variation in said amplifier.

2. In a radio signal receiving system, the com-
bination of a signal amplifier having a gain con=~
trol circuit, an audio frequency detector coupled
to said amplifier, means including a volume range
control circuit connected between the output of
said detector and the gain control circuit of said
amplifier for causing the output of said detector
to vary substantially proportional to the depth
of modulation of received signals and substan-
tially independent of. signal strength variation,
and means for preventing gain variation of said
signal amplifier from infiuencing the controlling
function of said volume range control means.

3. In g signal amplifying system, the combina-
tion with a signal amplifier, of means for deriv-
ing rectified signals from said amplifier, amplify-
ing means for said rectified signals, means for
causing the gain of the first-named amplifier
and said last-named amplifying means to vary
inversely one with respect to the other in re-
sponse to variations in the amplitude of said
rectified signals, comprising a rectifier for said
last named signals having an output circuit pro-
viding inversely variable controlling: potentials,
and. circuits for applying said potentials to said
signal amplifier and amplifying means.

4. In a signal amplifying system, the combina-
tion with g signal amplifier, of means for deriv-
ing rectified signals from said amplifier, ampli-
fying means for said rectified signals, means for
causing the gain of the first-named amplifier and
said last-named amplifying means to vary in-
versely one with respect to the other in response
to variations in the amplitude of said rectified

signals, said last-named means comprising a .;

control amplifier for said first-named rectified
signals, a rectifier coupled to said control ampli-
fier and having an output circuit including an
output resistor provided with an intermediate
control circuit terminal and having a positive
and a negative terminal, means providing a filter
connection between said positive terminal and
the first named amplifier, and- means providing
a. filter connection between. said negative ter-
minal and the last-named: amplifying means.
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5. A volume range control system comprising
in combination, a modulated signal amplifier
stage, a detector for receiving the amplified sig-
nal output therefrom, an output circuit for said
detector, a second ambplifier coupled thereto, a
rectifier coupled to said second amplifier, an
output impedance for said rectifier having posi-
tive and negative terminals, means providing a
gain controlling connection for said first named
amplifier with the positive terminal, and means
providing a gain controlling connection for said
second amplifier with the negative terminal,
whereby the gain of said amplifiers vary inverse-
1y one with respect to the other in response to
variations in the depth of the signal modu-
lation.

6. In a superheterodyne radio signal receiving
system, the combination with an intermediate
frequency amplifier and an audio frequency de-
tector coupled to-said amplifier, of means for ap-
plying to said detector through said amplifier
modulated signals substantially independent of
signal strength variations, and means for apply-
ing to at least one stage of said intermediate fre-
quency amplifier gain controlling potentials
which vary in proportion to variations in the
modulation depth of said signals thereby to pro-
vide volume range control of the output of said
system, and means for rendering said potential
variations substantially independent of variations
in the gain of said intermediate frequency am-
plifier stage.

7. In a superheterodyne radio signal receiving
system, the combination with an infermediate
frequency amplifier and an audioc frequency de-
tector coupled to said amplifier, of means for ap-
plying to said detector through said amplifier
modulated signals substantially independent of
signal: strength variations, means for applying
to at least one stage of said intermediate fre-
quency amplifier gain controlling potentials
which vary in proportion to variations in the
modulation depth of said signals thereby to pro-
vide velume range control of the oubput of said
system, means for rendering said potential vari-
ations substantially independent of variations in
the gain of said intermediate: frequency ampli-
fler stage, and means including a controlling rec-
tifier connected in circuit with said intermediate
fregquency amplifier for limiting the range of
volume control of said amplifier.

8. In g superheterodyne radio signal receiving
systera, the combination with an intermediate
frequency amplifier and an audio frequency de-

» btector coupled tc said awplifier, of means for

applying to said. detector through said amplifier
modulated signals substantially independent of
signal strength variations, means for applying
to at least one stage of said intermediate fre-
quency amplifier gain conirolling potentials
which vary in proportion to variations in the
nodulation depth of said signals thereby to pro-
vide volume range control of the output of said
zystem, and means for rendering said potential
variations substantially independent of variations
in the gain of said intermediate frequency am-
plifier, said last-named means comprising an am-
pliffer coupled to said signal circuit following
sald audio- frequency detector for amplifying a
portion of the signel output therefrom, 2 diode
vectifier coupled to said last-named rectifier and
heving an output impedance having an interme-
diate terminal, and pogitive- and negative ter-
mihals: connected respectively with the first-
named amplifler stage and: with: the last-named



2,281,693

amplifier for applying controlling potentials
thereto, thereby inversely to control the gain in
said amplifiers to provide an overall gain through
said system to said last-named rectifier which
is substantially independent of the gain vari-
ations in said intermediate frequency amplifier.

9. A volume range control system comprising,
in combination, & main variable gain signal am-
plifying channel, means for rectifying a portion
of the output of said channel to derive a con-
trolling potential proportional to the modulation
depth of said signals, said last-named means in-
cluding a variable gain amplifier, means for recti-
fying the signal output from said last-named
rectifier to provide a gain controlling potential
for said first-named amplifier, and means for ap-
plying said potential to said first-named ampli-
fying channel and to said last-named amplifier
to cause the gain in said last-named amplifier
to vary inversely with respect to the gain in the
first-named amplifier, whereby said gain con-
trolling potential is responsive to changes in the
modulation depth of signals in said channel and
substantially independent of variations in gain
in said channel.

10. In a signal amplifying system, the com-
bination of a signal amplifier stage having a
cathode circuit and a control grid circuit, a rec-
tifier circuit coupled to said amplifier stage, a
second amplifier stage coupled to said rectifier
means for amplifying the modulation compo-
nent of a received signal, automatic volume con-
trol means connected with said signal amplifier
stage for causing said derived modulation com-
ponent to be substantially independent of signal
strength variations, means coupled to said second
amplifier stage for rectifying said derived modu-
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lation component including a rectifier having an
output impedance providing a positive and a
negative terminal and an intermediate tap, and
means for deriving from said last-named im-
pedance control potentials which vary inverse-
ly, and means for applying said conirol poten-
tials to said amplifying system to maintain sub-
stantially constant input to said last-named rec-
tifying means in the presence of signal strength
and gain variations in said signal amplifier stage.

11, In a radio signal conveying channel, the
combination of a controlled amplifier stage
adapted for variable gain control by bias poten-
tial variations, said amplifier stage having an
input circuit, means for selecting and applying
modulated signals to said input circuit and vol-
ume range control means associated with said
stage including a volume range control ampli-
fier, an audio frequency detector interposed in
circuit between said controlled amplifier stage
and said volume range control amplifier, a sig-
nal rectifier coupled to said volume range con-
trol amplifier and providing rectified controlling
potentials which vary inversely one with respect
to the other, and means for applying said po-
tentials to said controlled amplifier stage and
to said volume range control amplifier to decrease
the gain of said volume range control amplifier in
response to an increase in the gain of said con-
trolled amplifier stage whereby the amplifier sys-
tem is stabilized in operation and the signals ap-
plied to said last-named rectifier are independent
of variations in the gain of said controlled am-
plifier stage.

PAUL F. G. HOLST.
LOREN R. KIRKWOOD.
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