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14 Claims.

My present invention relates to radioc receivers,
and more particularly to a radio receiver of the
type employing automatic volume control where-
in the apparent tuning selectivity of the receiver
is greatly increased.

It has been found in tuning radio receivers
employing automatic volume control that a cer-
tain degree of distortion results in determining
the desired signal carrier setting on the tuning
dial when only the ear of the said operator is
relied upon. This distortion is best explained as
resulting from an apparent diminution in re-
producer volume at the tuning dial setting corre-
sponding to the desired signal carrier, and a rela-
tive increase in reproducer volume on either side
of the last mentioned dial setting. ‘The tendency,
therefore, exists to adjust the tuning dial of the
receiver to a point on either side of the desired
carrier setting in the mistaken belief that either
of such points is the true signal carrier dial set-
ting. This, of course, results in distortion be-
cause of cutting of modulation side bands.

It. has, therefore, been proposed to employ a
visual device, such as a tuning meter, at some
point in the receiver which is responsive to the
modulated signal carrier energy being detected.
The use of such a tuning meter provides a visual
check on the ear of the operator with the result
that the tuning dial may be adjusted to that
setting at which a reading on the tuning meter
corresponds to a predetermined signal carrier
point, such a point usually being an intermediate
point on the tuning meter scale. However, the
employment of a tuning meter requires the in-
troduction into the set of additional wiring, and
requires a certain degree of attention on the
part of the said operator which the average
broadcast receiver user is not very willing to give.

Now, I have discovered a method of, and means
for, tuning a radio receiver employing automadtic
volume control, which method utilizes a coupling
network prior to the automatic volume control
device, possessing a resonance characteristic such
that the ear of the said operator may be utilized
for accurately determining when the tuning dial
has been adjusted to the desired signal carrier
setting, thereby eliminating the need for the
use of any instrumentality, such as a. visual tun-
ing meter, other than the operator’s ear for ac-
curately tuning a radio receiver of this type.

Accordingly, it may be stated that it is one
of the main objects of my present invention to
provide a radio receiver employing an automatic
volume control circuit having its input coupled

5 in such a manner to a radio frequency portion

(Cl. 250—20)

of the receiver that the resonance curve of the
input circuit of the volume control includes a
double peak and a pronounced depression be-
tween the two peaks corresponding to a desired
signal carrier frequency.

Another important object of the present inven-
tion is to provide a radio receiver of the type
utilizing a frequency changer circuit for pro-
ducing an intermediate frequency, an interme-
diate frequency amplifier, an automatic volume
control tube, and an automatic volume control
amplifier for amplifying a portion of the input
to the intermediate frequency amplifier, the cir-
cuit of the automatic volume control tube and
the output circuit of the automatic volume con-
trol amplifier being substantially overcoupled.

Another object of the present invention is to
provide a superheterodyne receiver of the type
employing a radio frequency amplifier, a first
detector, a local oscillator, an intermediate fre-
quency amplifier, and a second detector, wherein
the input of the intermediate frequency ampli-
fier is additionally connected to a network in-
cluding an amplifier and an automatic volume
control tube of the diode type, there being con-
nections between the anode circuit of the vol-
ume control diode and the input circuits of the
radio frequency amplifier and the intermediate
frequency amplifier whereby the gain of the lat-
ter may be automatically controlled in response
to variations of the signal carrier energy level,
the coupling between said control network ampli-
fier and control diode being such that the re-
ceiver operator may readily and accurately tune
the receiver by ear to a desired signal carrier
setting.

And still other objects of the present invention
are to improve generally the simplicity and tun-
ing efficiency of radio receivers utilizing auto-
matic volume control, and to particularly pro-
vide such a receiver which is not only reliable
in operation, but economically manufactured and
assembled.

The novel features which I believe to be char-
acteristic of my invention are set forth in par-
ticularity in the appended claims; the invention
itself, however, as to both its organization and
method of operation will best be understood by
reference to the following description taken in
connection with the drawing in which I have
indicated diagrammatically several circuit or-
ganizations whereby my invention may be carried
into effect.

In the drawing, :

Fig, 1 diagrammatically shows a superheter-
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2

odyne receiver of the automatic volume control
type which embodies the present invention,

Fig. 2 graphically demonstrates the resonance
characteristic of the input to the- volume con-
trol tube,

Fig. 3 graphically shows the operation of the

receiver of Fig. 1,

Fig. 4 diagrammatically shows a modification
of the invention, and

Fig. 5 shows still another modification.

Referring now to the accompanying drawing
wherein like reference characters designate sim-
ilar circuit elements in the different figures, the
superheterodyne receiver conventionally shown in
Fig. 1 comprises a signal source i which may
be the usual antenna circuit, a radio frequency
distribution system, or any other well known
type of broadcast signal collecting device. The
source | is coupled, as at Mi, to the tunable input
circuit of a radio frequency amplifier 2, the in-
put circuit including a variable tuning con-
denser 3. The output circuit of the amplifier 2
is. coupled, as at Ma, to the tunable input circuit
of the- first detector 4, a variable tuning con-
denser 5 being connected in the input circuit of
the latter.

A local oscillator 6 is. shown in generalized
form as being arranged for coupling to the first
detector circuit so that the locally generated os-
cillations may be impressed upon the first de-
tector, or frequency changer, to produce the
desired intermediate frequency in the output cir-
cuit of the first detector. The local oscillator 6
includes a tuned. circuit having the tuning con-
denser T therein, and any well known type of
mechanical uni-control 8, shown in dotted lines,
may be employed for simultaneously adjusting
the tuning condensers 3, 5 and 1.

Reference is had to U. S. Patent 1,740,331 to
W. L. Carlson. issued: December 17, 1929 to show
a preferred method of arranging the tunable
circuits of the amplifier 2, first detector &, and
local oscillator 6.in order to produce in the out-
put. circuit of the detector 4 a constant desired
intermediate frequency while simultaneously ad-
justing the tuning: condensers 3,5 and 1. The
output circuit of: the first detector 4 is coupled,
as at Ms, to the input circuit of the interme-
diate frequency-amplifier 9, and the input circuit
of the second detector 16 is coupled to the out-
put. circuit of the amplifier 9 -through a coupling
transformer Ma, ’

The coupled circuits between the first detector 4.

and the amplifier 9, as well as.between the am-
plifier. 9 and the second detector 10, are all main-
tained fixedly tuned to the intermediate fre~
quency, which.may.be 175 kilocycles. The trans-

~formers Mz and Mas are preferably both tuned
to. 175 kilocycles and. the circuits are broadly

peaked. The output of the second detector 10
may. be utilized in any well known manner.
Preferably, the output may be impressed upon a
first stage of audio frequency amplification, a
push-pull type if desired, and:finally upon a stage
of: class B push-pull output amplification, the
reproducer of course, being coupled to the out-
put circuit of the final audio amplifier stage.
The automatic: volume- control network com-
prises an amplifier tube. 11 having its control grid
coupled, as through condenser 2, to the grid

side of the amplifier 9, the grid of the tube (I

being-connected to ground-through a resistor 13.
The grounded lead of the cathode of tube 1
includes the wusual grid biasing resistor-shunt

2,039,615

condenser network 14, and the anode of the tube
is arranged for connection to a positive source
of anode potential through the primary 15 of the
coupling transformer I6.
nected in shunt with the primary coil 15 for
fixedly funing the output circuit of the ampli-
fier 11 to the intermediate frequency.

The secondary 18 of the. transformer 16 is
connected between the anode of the automatic

volume control tube 18 and ground through a

path which includes the lead 20, the resistor 21,
the resistor 22, and the resistor 23. The lead 20
is additionally connected, through a resistor 24,
to the low potential side of the input circuit of
the amplifier 2. It will also be noted that the
low potential side of the input circuit of the
first detector 4 is connected, through a resistor
25 and lead 26, to the junction of resistors 21
and 22, while the low potential side of the input
circuit of the intermediate frequency amplifier 9
is connected through a resistor 27 and a lead 28
to the junction of resistors. 22 and 23.

Direct current blocking condensers 29 are dis-
posed in the cathode sides of the input circuits
of the amplifier 2, the detector 4 and the amplifier
§, and a radio frequency by-pass condenser 30 is
connected to ground from the junction of the re-
sistors. 24 and 2. ’

The control tube 19 is shown. as a triode, with
its control! grid strapped to the anode, the tube
therefore functioning as a diode rectifier. The
cathode of the tube 1§ is grounded through a bias
resistor 3#, the resistor 31 being shunted by a
by-pass condenser 32. The transformer second-
ary 18 is shunted by a condenser 33 which main-
tains the input circuit of the detector 19 fixedly
tuned to the intermediate frequency. The sym-

bol Ms denotes the fact that the resonant primary.

and secondary circuits of transformer 16 are very
closely coupled, and preferabiy sufficiently over-
coupled to result in a resonance curve charac-
teristic of the type shown in Fig. 2.

The automatic volume control network shown
in Pig. 1, as stated heretofore, employs a two
element control tube and a special intermediate
frequency amplifier to drive it. - Due to its action
the radio frequency voltage applied to the second
detector 18 is substantially constant, for a signal
of from 100 microvolts input to that of several
volts. Referring to the schematic circuit shown
in Fig. 1 it will be noted that the volume contrel
network functions in the following manner. 'The
input signal voltage for the intermediate fre-
quency amplifier 9 is applied also to the control
amplifier tube Il due to the grids of both am-

‘plifiers being coupled. together by means of the

condenser f{2. .

The output of the amplifier 9 is applied to the
second detector through a partially tuned trans-
former. - However, the output of the volume-con-
trol amplifier [{ is coupled to the control tube
19 through an overcoupled transformer circuit.
The drop across resistors 21, 22 and 23-gives the
control bias for the radio frequency amplifier 2.
The drop across resistors 22 and 23 comprises the
control grid voltage for the first detector 4, and
that across 23 provides the control grid voltage
for the intermediate frequency amplifier 9.

As the drop in these resistors is due to the
signal voltage applied to the tube {8, and this
voltage is in turn dependent upon the bias of the
radio frequency amplifier, first detector and in-
termediate frequency amplifier, an automatic gain
control action is obtained.

A condenser 17 is con~ -
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~ The reason for the greater voltage applied to
the radio frequency amplifier and the first de-
tector than that applied to the intermediate fre-
quency amplifier 9 is to prevent overloading of
these tubes on the side of a strong carrier.  The
resistors 24, 25 and 27 function as filter resistors,
and substantially suppress any ripples which may
exist in the direct current potential. It will now
be seen that as the tuning mechanism 8, which
is to be understood as being associated with a
tuning dial, is being adjusted to a desired signal
carrier dial setting, such as WJZ for example, it
is extremely advantageous to have the relation
between the receiver reproducer volume and the
tuning dial adjustment comprise the curve shown
in Fig. 3. '
It will be observed from this latter curve that
{he greatest reproducer response occurs at the
peak of the curve which is the signal carrier fre-
quericy, and that the reproducer response de-
creases sharply on either side of the carrier. Ob-
viously, with this type of a relation the ear of
the receiver operator can be readily employed
to determine when the receiver tuning means is
adjusted at the desired signal carrier. The rela-
tion shown in Fig. 3 cannot be secured without
the employment of my present invention, and
it will be noted that it can be secured in a simple
and effective manner by merely overcoupling the
primary and secondary circuits of the transformer
16 s0 as to impart to these two circuits a resonance
curve of the type shown in Fig. 2.

An examination of this curve demonstrates that
each peak of the curve is spaced five kilocycles

" from the 175 kilocycle carrier, and that the de-

pressxon of the curve occurs at the carrier fre-
quency.  With the transformer primary and sec-
ondary circuits between the amplifier 11 and con-
trol tube 19 possessing a characteristic of ‘the type
shown in Fig. 2, it is possible to secure the re-
producer volume-tuning dial setting relation
shown in Fig. 3. This follows in view of the re-
guirement that the tube (9 holds its input sub-
stantially constant. Therefore, it automatically
varies the signal strength at the input to the am-
plifier 9 in a manner inverse to the ordinates of
the curve of Fig. 2.

In order to secure the resonance character-
istics shown in PFig. 2 it is necessary that the re-
sistance in the primary and secondary circuits
of transformer (6 be kept as low as possible.
One particular method of minimizing the amount
of resistance in the transformer 16 without
changing the amount of inductance is to employ

. a core of magnetite around which the coils {5

and 16 are wound. It has been found that such
a transformer construction has a minimum of
resistance, and will facilitate the design of the
coupling network between the tube Il and the
tibe 19 so as to secure the resonance curve shown
in Fig. 2.

--It is to be clearly understood that the coupling
network between the amplifier Il and the con-
trol tube 19 shown in Fig. 1 is not the only method

5 of securing the resonance curve of Fig. 2. For

example, in Fig. 4 there is shown a modified cou-
pling network wherein the strapped grid and
anode of the tube 19 is coupled to the high po-
tential side of the primary coil 15 by a coupling
An absorption circuit comprising
a coil 16’ having a condenser 33’ connected in
shunt thereto, is coupled to the coil {5 in such a
manner that the resonance curve shown in Fig. 2
is obtained. This type of circuit produces. the
desired resonance curve because the. circuits 19,

(1 and -16’, 33’ are resonant to the same fre-
quency. Those skilled in the art will realize that
the curve in Fig. 2 can be obtained in such a case.

In Fig. 5 there is shown still another modifica-
tion to demonstrate that many types of coupling
between tubes 1l and 19 are possible. In this
modification the coil 5 has its high potential
side coupled to the strapped grid and anode of
tube 19 by the coupling condenser 15’. A path,
including an inductance 50 connected in series
with a condenser 51, is connected in shunt with
the coil 15, and a condenser 52 is connected in
shunt with the path including inductance 50 and
condenser 51. This coupling arrangement func-
tions to produce the resonance curve of PFig. 2.
When circuit 50, 51 is made resonant to the de-
sired operating frequency, the depression of the
curve of Fig. 2 is obtained. The circuit including
inductance 15 and condenser 52 is employed for
fixing the off-resonance response of the curve.

‘While I have indicated and described several
systems for carrying my invention into effect, it
will be apparent to one skilled in the art that
my invention is by no means limited to the par-
ticular organizations shown and described, but
that many modifications may be made without
departing from the scope of my invention as set
forth in the appended claims.

‘What I claim is:

1. In combination, with a radio recelver com-
prising a radio frequency amplifier, a detector
having a tuned input circuit and a reproducer, a
gain control tube coupled with the detector input
circuit and the amplifier to maintain uniform
the signal carrier level at the detector input cir-
cuit in spite of variations in the signal carrier
level impressed on the amplifier, and means in-
cluding at least two overcoupled resonant circuits
for coupling the gain control tube to the detector
input circuit in such a manner that the coupling
network has a double peaked resonance curve
characteristic.

2. In combination, with a radio receiver com-
prising a radio frequency amplifier, a detector
and a reproducer, a gain control tube coupled with
the detector input and the amplifier output to
maintain unhiform the carrier level at the detector
in spite of variations in the signal carrier level
impressed on the amplifier, means for coupling
the gain control tube to the detector input in
such a manner that the coupling has a pro-
nounced double peaked resonance curve charac-
teristic, the coupling connection between said
detector input and said gain control tube includ-~
ing an amplifier having its input coupled to the
radio frequency amplifier output and its output
coupled to the gain control tube input.

3. In combination with a superheterodyne re-
ceiver including a radio frequency amplifier, a
frequency changer circuit arranged to produce a
desired intermediate frequency, an intermediate
frequency amplifier and a second detector, an
automatic volume control network comprising an
amplifier having its input coupled to a point be-
tween said frequency changer and said interme-
diate frequency amplifier, a gain control tube
coupled to the output of said network amplifier,
the gain control tube being connected to said ra-
dio frequency amplifier, frequency changer and
intermediate frequency amplifier for controlling
the gain thereof to maintain the input to the
second detector at a substantially constant energy
level, the value of the coefficient of coupling be-
tween the amplifier and the gain control tube
of said volume control network being such. that
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4
the: resonance. curve of- the. input: of the. gain
control tube has a: double:- peak;.

4. In combination; with- a. superheterodyne re-
ceiver- including a . radio; frequency- amplifier; a
frequency. changer: cireuit arranged- to produce
a- desired intermediate frequency, an interme-
diate frequency amplifier:and a second: detector,

an automatic.volume control network comprising

an: amplifier having, its-input. coupled to a.poinb
between- said frequency changer and said: inter-
mediate frequency amplifier, a gain, control tube
coupled to. the output.of said network. amplifier,
the gain control. tube being connected. to. said
radio.frequency amplifier, frequency changer and
intermediate frequency amplifier for controlling
the gain thereof to maintain: the input. to. the
second detector at. a. substantially constant. en-
ergy level, and means for overcoupling. the am-
plifier and. the gain control. tube of said volume

control network whereby the resonance curve.of

the. input. of the gain control tube has a. double

peak..
5;, In combination. with a superheterodyne re-
ceiver including a.radio frequency amplifier, a

frequency changer circuit arranged to.produce. a

desired intermediate frequency, an. intermediate
frequency. amplifier and. a second. detector, an
automatic volume control network comprising. an

“amplifier having its input coupled. to.a point. be-

tween said frequency changer and said inter-
mediate frequency amplifier, a_gain control. tube

_coupled-to the output. of said network amplifier,

the gain control tube being connected to said
radio frequency amplifier, frequency. changer and

- intermediate frequency amplifier for controlling

the gain thereof to maintain the input to the

second detector at a substantially constant en-

ergy level, the value of the coefficient of coupling
between the amplifier and the.gain control tube
of said volume control network being such that
the resonance curve of the input of the gain con-

trol tube has a double peak, said gain control.tube.

being of the diode rectifier type and having its
anode coupled. to the high potential. side of the
output of the volume control network amplifier.

6. A radio receiver comprising a high frequency.
amplifier having a. resonant input.network tuned
to a desired signal carrier frequency,-a reetifier
provided withi a cathode and at least one cold
electrode, means. foi coupling said cold electrode
to said network, a. direct current connection. be-
tween said, electrode and a gain control electrode

aof the amplifier, said coupling means including

a.resonant. network. tuned. to said. frequency, the
resonance curve characteristic. of. the coupling

- means having a. pair of frequency peaks edch

60

70

spaced from said carrier frequency.. -

7. A radio.receiver comprising a high frequency
amplifier having a resonant: input network tuned
to a.desired: signal: carrier frequency; a. rectifier
provided with. a cathode and at.least. one. cold
electrode, means. for coupling- said. cold- elec-
trode to. said network, a direct:current connec-
tion between said. electrode and. a gain control
electrode of the-amplifier; said: coupling means
including a resonant network tuned: to- said fre-
quency; the resonance-curve.characteristic of the
coupling means having a pair of frequency peaks
each spaced 5 kilocycles from: said: carrier- fre-.
quency.

8. A radio receiver-comprising a high frequency

amplifier having a resonant. input network tuned

to a. desired: signal: carrier frequency, a.rectifier

provided with. a cathode. and: at least .one cold:
' electrode, means for coupling said:cold: electrode:

2,039,613

to the: high: potential side. of: said-network, a di-

rect current: connection: between; said. electrode:
and-a.gain: control.electrode of the amplifier, said:

coupling: means: including ‘a resonant. network
tuned to- said: frequency, the- resonance curve
characteristic- of the coupling means: haying: a

pair- of frequency peaks each spaced. from: said.

carrier frequency..

9: In a radio receiver of the type: including. a.

signal. transmission. tube, a demodulator follow-

ing the tube; a coupling network between the tube.

and: demodulator; the network having- substan-
tiallly a- single peaked resonance-curve.character-

istic, an aufomatic- volume: control arrangement:

for the receiver-comprising a rectifier having: an
output connection to said tube, a signal coupling;
network; including at least two coupled resonant

circuits, between: the. rectifier-and the output: of:
said tube, said second network having- a double:

peaked:resonance curve-characteristic with-a.sub-
stantial depression between the peaks.
10. In; a:radio receiver of the type including %

signal transmission: tube; a demodulator: following:
the tube; a coupling network between: the tube:

and demodulator; the network having substan-
tially: a: single peaked: resonance curve character-
istic, an automatic. volume: control arrangement

. for: the receiver comprising a. rectifier having-an:
output: connection to said tube, a signal: coupling:

network, comprising a transformer: having: its
primary and secondary windings overcoupled; be-
tween the rectifier- and- the output of said tube;.
said: second network having a double. peaked
resonance curve characteristic- with a substantial
depression - between the peaks.

11. In a radio receiver of the type including a
signal: transmission: tube, a- demodulator follow-
ing. the tube; a coupling network between. the
tube and- demodulator, the network having sub-
stantially. a single peaked resonance curve char-
acteristic, an automatic volume-control arrange-

ment for-the receiver comprising g rectifier hav--

ing an output connection to said: tube, a.signal

coupling: network between the rectifier- and: the:

output of said tube, said second network having

a, double peaked resonance: curve. characteristic:
with a substantial depression between: the- peaks,.

the: second network comprising a tuned circuit

20-
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coupled to- the: rectifier, and: a- tuned: absorption: .-

circuit coupled solely to the- tuned circuit.

12; In a-radio receiver-of the type-including a.
signal- transmission tube, a. demodulator follow-.
ing the tube; a.coupling network between -the

tube and demodulator, the network having sub--

stantially: a- single peaked resonance. curve char-.
acteristic, an automatic-volume: control arrange-
ment: for-the receiver comprising a- rectifier- hav-.
ing: an output connection to said tube, a signal

coupling network between the rectifier and. the.

output of said tube; said second network having a

double peaked resonance curve characteristic - with:

a substantial depression. between. the peaks; the
second network comprising a.series resonant.cir-.

cuit, and an. anti-resonant: circuit. whose reactive

elements-are in shunt with the series:circuit.

13. In a radio receiver of the type including a.
signal- transmission tube, a. demodulator- follow-
ing: the tube, a coupling network between: the,
tube: and demodulator; the network. having. sub--
stantially-a single peaked resonance.curve-char-
acteristic; an: automatic volume control arrange-
ment. for the receiver comprising: a rectifier hay-
ing: an; eutput. connection: to said. tube; a. signal

coupling. network; including: at:least two. coupled:

resonant: circuits: between; the rectifier and: the:
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output of said tube, said second network having a
double peaked resonance curve characteristic
with a substantial depression between the peaks,
and said single peaked characteristic being sub-
stantially broad.

14. In a receiver which includes a signal ampli-
fier, a detector, and a reproducer following it, the
detector having a tuned input network, an auto-
matic volume control arrangement for the re-
ceiver including a diode rectifier, the diode anode
being connected to a gain control electrode of

5

the amplifier, and a signal coupling network be-
tween the diode electrodes and the tuned inpub
network, the coupling network having a resonance
curve characteristic with a substantial depression
at the received carrier frequency and a pair of
spaced peaks at the extremities of the modulation
side bands whereby the reproducer volume-tun-
ing characteristic of the receiver has a peak at
the carrier. )
CHARLES TRAVIS.
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