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Wendell L. Carlson, Haddonfield, and Loren R.
Kirkwood, Merchaniville, N. J., assignors to
Radio Corporation of America, a corporation

of Delaware

Application December 22, 1932, Serial No. 648,422
35 Claims. (CL 250f—20)

The present invention relates to radio receiv-
ers employing automatic volume control circuits,
and more particularly to receivers embodying
inter-channel noise suppressor arrangements,

In a co-pending application of K. A. Chittick
and W. L, Carlson, Serial No. 642,544, filed No-
vember 14, 1932, there have been disclosed auto-
matic volume control ecircuits for use in radio
receivers. The characteristic feature of the eir-
10 Cuits disclosed in the said application comprised

an automatic volume control circuit which di-
vided from the sound channel at the grid of the
last intermediate frequency ‘amplifier stage, the
volume control circuit consisting of an interme-
15 diate frequency amplifier and a rectifier, the
ocutput electrode of the rectifier being connected
by a direct current path to the radio frequency,
first detector and intermediate frequency stages
for gain control of these stages. Tt was pointed
9 out in the afcresaid application that one of the
advantages resulting from the arrangement shown
therein was the reduction of overloading on the
side of strong carriers due to the fact that there
was less selectivity to the volume control circuif
o5 than to the audio detector. In other words, un-
like ‘the old volume control systems which re-
quired a siight. increase in signal potential to
operate the volume control tube, the system of
the aforesaid application operated to control the

(513

30 signal channel to a greater extent than the chan-

nel supplying the volume control tube.

Now, it is often desirable to embody in a re-
ceiver of the type disclosed in the aforemen-
tioned application, an arrangement capable of

g5 broviding inter-channel noise suppression. The
function of a noise suppressor circuit is to reduce
receiver noises, by greatly decreasing the sensi-
tivity of the receiver when no sighal modulated
carrier waves are being received. Furthermore,

40 it is highly desirable to achieve the function of
noise suppression without introducing distortion
of the signals transmitted through the receiving
system.

Accordingly, it may be stated that it is one

45 of the main chjects of the present invention to
provide in a radio receiver, equipped with an
automatic volume control circuit, a noise sup-
pressor system whose circuits are confined en-
tirely to the intermediate frequency circuits, and

50 are not associated with the audio detector -or
audio circuits, thus resulting in smoother cpera-
tion and no distortion at the threshold operating
point.

Ancther important object of the present in-

55 vention is to provide a circuit, for use in connec-~

tion with the superheterodyne type of radio re-
ceiver, which not only possesses the desirable fea-
tures of an automatic volume control system, but
in addition thereto, includes inter-channel noise
suppression, auxiliary means being provided. for
adjusting the degree of the suppression.  The
suppressor control is' further characterized in
that it .is capable of functioning as a manually
operable sensitivity control to regulate the over-
all sensitivity of the receiver, thereby eliminating
the reception of signals having too great a noise

level, and the suppressor control, additionally

may include a switch which is adapted to control
the conductivity of the suppressor tube whereby
the suppressor action may be rendered.effective
or ineffective at will,

Another object of the present invention may be
sald to consist in the provision of an automatic
volume control circuit for a radio receiver, which
control circuit includes one network adapted to
regulate the gain of at least one radio frequency
stage in a manner such that the output of the
stage is substantially uniform regardless of vari-
ations in signal intensity in the input circuit of
the stage, and an additional network for regu-
lating the operation of the said radio frequency.
stage in such a manner that the stage is rendered
inoperative to transmit electrical impulses when
the signal level in the input circuit of the stage
decreases below a predetermined intensity level.

Still another object of the present invention
is'to provide a radio receiver provided with means
for automatically controlling the volume of the
signal output therefrom, a manual volume con-
trol device being disposed in the audio frequency
section of the receiver, and a manual sensitivity
control device being disposed in a radio frequency
section of the receiver, the sensitivity control be-
ing so arranged and connected that it is capable
of regulating the suppression of noise or unde-
sired electrical disturbances, the receiver being
characterized by its freedom from noises between
desired settings of the tuning device of the re-
ceiver, sald sensitivity control, additionally, in-
cluding means for eliminating the aforesaid
noise suppression function.

Still other objects of the invention are to im-
prove generally the simplicity and efficiency of
radio receivers equipped with automatic volume
control circuits, -and particularly to provide a
superheterodyne receiver. provided with auto-
matic velume control, accompanied by an inter-
channel noise suppressor means, which is not
only durable and reliable in operation, but which
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2 - 2,078,055

may economically be manufactured and assem-
bled in a radio receiver.
The novel features which we believe to be char-
acteristic of our invention are set forth in par-
5 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 accompanying drawings in

10 which we have indicated diagrammatically sev-

eral circuit organizations whereby our mventlon
may be carried info effect.

In the drawings,

Fig. 1 shows diagrammatically the circuit of

15 a radio receiver embodylng the. present inven-

tion,

Fig. 2 is a similar diagram showing a modified
form of the invention.

Referring now to the accompanying drawings

20 wherein like reference characters designate sim- -

ilar elements in the two figures, the radio re-
ceiver shown in Fig. 1 is of the well known super-
heterodyne type. The receiver includes a usual
grounded antenna circuit A coupled to the tun-~
25 able input circuit-of a radio frequency amplifier
fube t, the latter in turn having its output cir-
cuit coupled to the tunable input circuit of a
first detector means or tube 2. The usual local
oscillator circuit is shown connected to the first
30 detector 2 for the impression of the heterodyne
frequency upon the first detector. This may be
accomplished in any suitable manner. Each of
these three aforesaid tunable circuits includes a
variable tuning econdenser, and the rotors of these
35 condensers-are grounded. Any desired type of
uni-control tuning mechanism ¢ may be utilized,
the same being shown in dotted lines, for simul-
taneously varying the rotors of the tuning con-
densers.
40 - The output circuit 7 of the first detector is
- fixedly resonant to the desired operating inter-
mediate frequency. The latter may have a value
of 175 kilocycles, for example, and the tunable
circuits preceding this circuit may include any
45 desired means for positively maintaining the in-
termediate frequency constant. Such a means is
not shown, but reference is made to U. S: Patent
1,740,331 to W. L. Carlson, issued on December
17, 1929.t0 show such a means for maintaining
50 the intermediate frequency -constant throughout
- the tuning range of the receiver. The resonant
circuit 7 is coupled, as by a transformer Mi, to
the resonant -input circuit of the inftermediate
frequency amplifier tube 4, this input circuit be-
55 ing fixedly tuned to the aforesaid operating in-
termediate frequency.

The output circuit of the tube 4 includes the
resonant circuit 8, fixedly tuned to the interme-
“diate frequency, which is coupled, as by means of

60 a transformer Mz, to the resonant input circuit 9
of the second detector 5, the circuit 9 also being
fixedly tuned to the intermediate frequency. The
output of the second detector is transmitted to
one, or more, succeeding stages of audio fre-

65 quency amplification, and a final reproducer,
through an impedance-transformer coupling net-
work which includes the coupling reactor {0. The
plate supply to the detector is fed to the coupling
reactor through a lead fi which is connected to

7o the high potential side of the voltage divider P.

The audioc frequency component of the second
detector. output passes through the 0.5 mfd. cou-~
pling .capacitor 12, the manual volume control

13 being located between the capacitor 12 and

75 the audio frequency coupling transformer 14.

The manual volume control functions to reduce
the voltage applied to the primary of the trans-
former (4, the numeral {5 designating the well
known manual volume control knob usually dis-
posed on the control panel of the receiver adja-
cent the tuning control mechanism 8.

The input signal voltage for the intermediate
frequency amplifier tube 4 is also applied to an
autcmatic volume control amplifier tube i6 due to
the grids of both tubes being coupled together as
by means of a capacitor {7, the capacitor being
shunted to ground on the grid side through a
resistor {7’ which may have a value of 2 meg-
ohms. The resistor 171’ functions to provide a grid
leak for the tube 16 to supply bias to the grid from
the self-bias source 1§’ indicated. The output
voltage of the intermediate frequency amplifier
tube 4 is applied to the second detector § through
the transformer Mz, the latter being sharply tuned
to the intermediate frequency. However, the cut-
put of the amplifier tube 16 is coupled to the
combined volume control and noise suppressor
tube {8 through a specially designed coupling net-
work.

This coupling network includes a natural period
plate coil Ly, which coil is connected at one end
to the anode of tube 16 and at its other end to
the lead i1. Coil Ly is resonant to the interme-
diate frequency and broadly so by means of
relatively large inductance and small capacity.
The coil Iy is inductively coupled to a secondary
coil Lio which is sharply tuned to the operating
intermediate frequency. The coil Ls supplies
the voltage to operate the automatic volume con-
trol circuit, and possesses a natural period in
order to provide the advantage described in the

- said Chittick and Carlson application referred

to above. That is, to provide less selectivity to the
automatic volume control circuit than to the sec-
ond detector circuit. A natural period coil of
this type has very broad selectivity in itself due
to its inherent loss. The coil Iio supplies the
voltage used to operate the noise suppressor net-
work.

The tubes {, 4 and I8 are shown as of the type
known by the trade symbol 58, and it will be
observed that each includes a suppressor grid at
cathode potential. The tube {8 is of the type
bearing the trade symbol 55, and, while conven-
tionally shown, is to be understood as including
the usual heater type cathode, a control grid
and an anode, and two auxiliary cold electrodes,
or anodes, 19, 28. The 85 tube, or duplex-diode
triode as it may be aptly termed, is an alternat-
ing current heater type of tube consisting of two
diodes and a triode in a single bulb. In opera-
tion, the two diodes and the triode are inde-
pendent of each other except for the common
cathode sleeve, which has one emitting surface
for the diodes, and another for the triode. This
independence of operation permits of unusual
flexibility in circuit arrangement and design.

For example, in the present arrangement, the
electrode 28 controls the function of automatic
volume- control, while the electrode 9 controls
the noise suppressor action. It is not believed
necessary to describe the construction of the tube
18 in detail, since the construction thereof is not
a part of the present invention. It is believed
sufficient to point out that the two plates 19
and 28 are disposed around one end of the com-
mon cathode sleeve 19, and that the control grid
and main anode are. concentrically disposed
around the cathode sleeve, the anodes 18 and 20
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theréfore being out of the main electron -stream
to the usual control grid and main anode. -
The automatic volume. control network .in-
cludes a direct current connection -betweenthe
5. grid circuit of each of tubes 1,2 and 4 and the
auxiliary electrode 20. - Thus, the electrode 20
is connected to the low potential side of the grid
circuit of tube ! through a path which includes
the resistor 21, having a magnitude of about
10 200,000 ohms, the lead 22, and the resistor Ri,
having a value of about 500,000 ohms.  The low
potential :side  of the grid circuit of the first
detector:2 is connected to the lead 22 through
a path which includes the resistor Rs, having a
15 value of about 100,000 ohms, the lead 23, and
the resistor R, having a value of about 400,600
chms. The low potential side of the grid cireuit
of tube 4 is connected to the lead 22 through
a resistor ‘Ris, having a value of about 100,000
20 ohms, the lead 24, the lead 23, and the resistor
Rz, one side of the resistor Rs being connected
to ground through a resistor Rs, having a value
of about 600,000 ohms. .
The resistors Ri, Rz .and Rs are by-passed to
25 ground not - only for radio frequency currents
but for all signal frequencies through a capacitor
Ci1, the resistor 21! being: similarly by-passed for
signal and radio frequency currents by means
of ‘a capacitor Cs, and the resistors Riz and Re
30 being by-passed to ground for signal and radio
frequency currents by means of the capacitor
Cs. Direct current blocking condensers Cs and
Cs are disposed respectively in the low potential
sides of the grid circuits of tubes.i and 2. The
3

W

the high potential side of the coil Ly through a
path which includes the lead 24, and the con-
denser Cs, the latter having a magnitude of
about 360 mmifd. It is to be clearly understood
that magnitudes recited herein are purely illus-
trative, and may be freely varied to suit the ex-
igencies of a-given receiver design.

The -noise suppressor network: is confined to
the  intermediate frequency circuits, and is. not
associated ‘with the audio detector or audio.cir-
cuits, thus not only distinguishing the arrange-
ment from systems employed in the prior art,
but providing an arrangement which results in
smoother operation asnd no distortion at the
threshold operating point. This network in-
cludes a direct connection 25 between the cath-
ode 18" of tube 18 and the grounded leg of the
cathode of tube 4, it being observed that the
grounded leg includes the conventional resistor~
55 shunt condenser .grid biasing arrangement, a

similar biasing arrangement being employed in

the grounded leg of the cathode of tube i8. . The
low potential side of the: sharply tuned coil Ino
is connected to the lead 25 through a resistor Riz
60 having a magnitude of about 2 megohms, a con-
denser Cr being connected between one. side of
the resistor Riz and the lead 28, the condenser

Cr7 having a value of 0.005 mfd.. The lead 25

functions to connect the cathode of the sup-
65 pressor tube. I8 to the cathode of tube 4, estab-

lishing the suppressor action due to the cathode
current of suppressor tube {8 flowing through
the cathode resistor of the intermediate fre-
quency tube 4 and biasing said intermediate
70 frequency tube to cut-off when no signal is re-
ceived. The -electrode 9 is connected to the

40

45

50

high potential side of the sharply resonant coil

L0, while the control grid of tube 18 is connected
to the low potential side of the said coil.  “The

75 triode anode. of tube I8 is connected to a point

electrode 28 has signal voltage applied to it from.

26 on the divider P-through a path which in-
cludes the lead 21 and the “on-off” switch 28. .

The connections to the divider P of certain of
the electrode circuits necessary to a proper un-
derstanding of the invention have only been
shown. - Thus, the connections from the screen
grids of tubes | and' 4 to the point 29 on. the
divider P have been shown. Again, the connec-
tions from the anodes of tubes i, 2, 4, 16 and 8
to the high potential side of divider P, through
lead {1, have been shown. The cathode of tube
I is connected to ground through a path which
includes the lead 38, the lead 3i, and the sen-
sitivity control resistor Ris, the latter having a
magnitude of about 4500 ohms, an adjustable
tap .S being arranged to vary the value -of the
resistor R, The cathode circuit of the first
detector 2 is, also, connected to the lead 31
through a resistor Re, having a value of -about
2600 chms, this resistor Ro functioning to bias
the first detector to the proper operating point.
A resistor Riz, of a value of about 100,000 ohms,
is connected between leads 3! and ¢, and func-
tions to provide some bleeder current through
the sensitivity control.

For the purposes of illustration it is pointed
out that the resistor portion between the high
petential side of the divider P and point 26
may have'a value of about 30050 ohms; the por-
tion between 26 and 29 may have a value of
about- 600 ohms; the section between point 29
and point +B’ may have a value of about 1300
chms; and, the remaining section to ground rmay
have -a value of about 2900 ochms. It is to be
clearly. understood that these values, as well
as all other values stated heretofore or here-
after, are merely examples of anh actual em-
bodiment. If is believed that the diagrammatic
showing of Fig. 1, and the-aforegoing descrip-
tion, will now render the following explanation
of the operation of the invention clearly under-
standable.

From the sscondary of the first intermediate
frequency transformer M1 the signal voltage is
fed to parallel paths. The normal signal path
passes through the intermediate frequency ampli-
fier tube 4, through the lead 32, to the interme-
diate frequency output transformer M. ‘The
cathode of the tube {8 is tied to the cathode of
tube 4. The plate current through the tube 18
and the grid bias resistor of tube 4 is of the order
of five to ten M. A. before the signal voltage has
reached the threshold operating value. About 45
volts drop exists in the grid bias resistor of tube
4 at this time, which practically cuts off the tube
4, and prevents signals from passing through to
the transformer Mz Voltage is also transferred
from the secondary of the transformer M: on
tube 16, and is amplified and impressed on the
two diode anode electrodes of tube 48.

Coil Ly supplies the voltage to operate the vol-
ume control circuit, while coil Lio supplies that
used to operate the suppressor network. An ex-
amination of this circuit will show that with no
signal voltage impressed on coil Lio, no current
is rectified in the diede plate {9, and hence the
grid of the tube 18 operates at zero bias, The
Flate current is then at a maximum value, ap-
proximately 10 M. A., and since the cathodes of
the tube 18 and the signal channel intermediate
frequency tube 4 are common, the intermediate
frequency tube is biased to cut-off. - This, there-
fore, prevents signal voltage from reaching the
second detector through the path including lead
32, - :

3,,
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“When the tuning device 6 is, however, adjusted
to tune in a desired signal, the signal voltage is
amplified in the automatic volume control ampli-
fier 16, and impressed on coils Ly and Lie. On
the positive half of the signal voltage, the signal
is rectified in the suppressor circuit which gen-
erates "a -negative potential on the grid of the
tube 18. 'The plate current is thereby reduced
to approximately zero, and this releases the high
bias potential on the signal channel amplifier
tube 4. Signal voltage will then be impressed on
the second detector.

Automatic volume control bias for the radio
frequency, first detector and intermediate fre-
quency tubes will be generated when the inter-
mediate frequency voltage on the automatic vol-
ume control diode anode 20 overcomes and ex-
ceeds the positive potential on the cathode of
tube 18, This bias is approximately 10 volts when
the receiver is tuned to a signal. The transform-
er Mz feeding the second detector includes two
high impedance circuits in order to provide the
proper amplification with the increased bias re-
sistor in the intermediate frequency cathode cir-
cuit.  The suppressor circuit including coil Inao
is designed to be a sharp circuit so that the action
of the suppressor network comes as near the
center of the carrier as possible. It is important,
therefore, that this last named circuit be aligned
exactly on the center of the intermediate fre-
quency resonance curve so that the operator of
the receiver may hear g -signal when it is exactly
in tune.

The drop across resistors Ras and Rs gives the
bias for the radio frequency stage. The drop
across resistor Re comprises the grid voltage for
the first detector, and intermediate frequency
amplifier. As the drop in these resistors is due
to the signal voltage applied to the automatic
volume control tube and this voltage is in turn
dependent on the bias of the radio frequency,
first detector and intermediate frequency ampli-
fier stages, an automatic action is obtained. The
reason for the greater voltage applied to the
radio frequency stage than that applied to the
first detector and intermediate frequency stages
is to prevent overloading of these tubes on the
side of a strong carrier.

With the automatic volume control arrange-
ment shown there is no danger of overloading the
second detector, and, accordingly, the manual
volume control means may be placed in the audio
frequency circuit. The automatic volume control
rlus the special amplifier {6 provides a radio fre-
quency voltage on the second detector which is
substantially constant between 9 and 12 volts for
g signal of from 10 microvolts to several volts.
The function of the noise suppressor circuit is to
reduce noise, by greatly decreasing the sensitivity
of the receiver, when no carrier waves are being
received. The manually operated sensitivity con-
trol S is provided so that the over-all sensitivity
of the receiver may be adjusted, thereby elimi-
nating the reception of signals having too great a
noise level. This feature operates without intro-
ducing distortion, a quality not present in other
types of noise suppressor circuits. The manual
sensitivity control S is in the cathode circuit of
the radio frequency and first detector stages, and

reduces the sensitivity of the receiver by increas-.

ing the residual bias on the tube { and the
iirst detector 2. One end of the sensitivity control
S has a switch 28 which is provided so that the
noise suppression circuit may be cut out at will.

2,078,055:

Under this condition, the full sensitivity of the
receiver is obtained.

In other words, the numeral 33 will be under-
stood to designate a common control mechanism,
having a control knob 34 disposed on the receiver
control panel adjacent knobs {5 and 6, which
mechanically couples the variable tap S and the
movable switch arm 28 in such a manner that
the switch 28 is opened at the maximum end of
the variable control 8. To the operator’s ear
movement of the knob 34 will sound as if the
volume control knob is being actuated to in-
crease the sensitivity of the receiver. Of course,
if the knob 24 is moved towards its maximum,
the reproduced noise increases. Hence, it will
be observed that the function of the control
15 is to vary the sound output of the receiver,
without regard to reproduced noise; while the
function of the control S is to vary the sound
cutput of the receiver with regard to the level
of reproduced noise, and, also, to render the
noise suppressor circuit effective or ineffective
at will. The variable resistance Ris controls the
noise. suppression level in that it controls nor-
mally negative bias on the grid of the radio
frequency amplifier and first detector, and, natu-
rally, the greater the normal negative bias on
those grids the less noise suppression current
through tube I8 is necessary to prevent the set
from being triggered into operation by the in-
coming sighal. This is more apparent when it
is considered that the radio frequency tube and
first defector are immediately effective on- the
incoming signal, which must come to a certain
level in order to overcome the noise suppression
action and cause signals to be received.

Fig. 2 shows a modified form of the invention
which is diagrammatically shown in a highly
conventional manner, the circuit energizing
sources, for example, being conventionally shown
to preserve simplicity of disclosure.

The intermediate frequency amplifier tube 4
has its resonant input circuit coupled to the
source of intermediate frequency energy through
the coupling transformer M, while the trans-
former E designates the coupling between the
output of the tube 4 and the resonant input cir-
cuit of the second detector. In this modifica~
tion the automatic volume control and suppressor
circuits are separated. The automatic volume
control arrangement is similar to that shown in
the aforementioned co-pending application.
That is, the automatic volume control amplifier
and automatic volume control tube functions are
derived from a single tube 49, the control grid
of the tube 40 being connected to the high po-
tential side of the grid circuit of tube 4 through
2 path which includes the lead 41, and the cou-
pling capacitor 42, The anode of tube 40 in-
cludes a circuit 43, resonant to the intermediate
frequency, the circuit 43 being coupled, as at D,
to a similarly resonant circuit 44 disposed in the
circuit of the positive electrode 45 of tube 40.
Between electrode 45 and the control electrode
of tube 40 is disposed =2 less positive electrode 46.

The volume control bias resistors include the
resistor R, R’ and R’’. One side of the resistor
R is connected to the negative side of the grid
bias source C’ of the tube 40, the junction of
resistors R and R’ being connected by a lead 50
to the low potential side of the grid circuit of
tube 4, as well as to the control grid of tube 60.
The anode side of resistor R’’ is connected to
the radio frequency amplifier grid (not shown)
to furnish control bias therefor, and the junec-
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tion of resistors R’ and R’’ is connected to the will be apparent to one skilled in the art that our

first detector grid to furnish control bias for the
latter, the lead 58 furnishing the conirol bias
for the intermediate frequency amplifier tube 4.
The noise suppressor circuit in this modification
includes the amplifier tube 68 which is coupled,
as at C, to the tube T0. This tube 68 is of a
type known as the RCA. 58.

The auxiliary electrode 7f of tube 18 is con-
nected to the high potential side of the resonant
input circuit 12, while the cathode of tube T0
is connected to the low potential side. The
cathode of tube 1§ is, additionally, connected
through a lead 73 to the cathode of tube 4, and
functions as the noise suppressor network, and
in a manner described heretofore in connection
with Fig, 1. Not ‘only is the function of the
suppressor 10 the same as-in Fig. 1, but in addi-
tion thereto it operates a power audio amplifier
tube 88 which has a 60 cycle current source in
the plate circuit thereof. The plate circuit of
the tube 88 includes the primary winding 8! of
a step-down transformer 82, the latter coupling
a pilot light to the plate circuit of tube 88.  The
secondary winding 83 of the 60 cycle current
ransformer 84 is also included in the plate cir-
cuit of tube 88. The lead 85 connects the cath-
ode side of winding 83 to the cathodes of tubes 4
The negative voltage on the grid of
tube 80 reduces the alternating current in the
plate which operates through the step-down
transformer 82 to light the pilot light, the latter
being an ordinary tuning dial light.

The automatic volume control operates on the
suppressor- intermediate frequency tube §9 so as
to hold the voltage to the suppressor control level
with wide changes of field strength.  The sup-
pressor intermediate frequency transformer C is
made very sharply resonant so that when tun-
ing the receiver the suppression will be retained
until almost center resonance. The volume con-
trol transformer D is very broad, and the signal
transformer B has medium selectivity. Of course,
the connections between the second detector and
the input to tube 88 have been omitted to pre-
serve simplicity of description.

It is believed that the operation of the modifi-
cation shown in Fig. 2 will be clearly understood
from the aforegoing description. Briefly, when
no signal is impressed on-the input circuit of the
amplifier tube 4, the volume control tube 40 tends
to increase the amplification not only of the
intermediate frequency amplifier tube 4, but also
the amplification of the first detector and radio
frequency tubes. However, in virtue of the sig-
nal path 61, 62 to the control grid of the sup-
pressor amplifier tube 60, and the action of the

‘suppressor tube T0, the amplifier tube 4 will be

kiased to cut-off so that undesired electric im-
pulses, which evidence themselves to the ear as
noise, will not be transmitted through the trans-
former E to the audio amplifier tube 80.
However, as soon as a signal is tuned in, the
noise suppressor tube 19, as explained heretofore,
releases the cut-off bias on the amplifier tube 4,
thus rendering the tube operative to transmit sig-

‘nal energy through the transformer E. Simulta~

neocusly, the negative voltage on the grid of tube
88 is decreased so that the pilot light becomes
brighter, thus visually signaling that a signal has
been tuned in. Obviously, when the pilot light

is brightest, it signifies that the maximum signal

is being impressed on the input circuit of tube 4.
‘While we have indicated and described several
systems for carrying our invention into effect, it

S

invention is by no means limited to the particular

-organizations shown and described, but that

many modifications may be made without de-
parting from the scope of the invention as set
forth in the appended claims.

‘What we claim is:

1. In combination with an amplifier having a
signal input circuit and an output circuit, a rec-
tifier counled to said signal input circuit, a con-
trol :tube having its grid connected to said rec-
tifier and its cathode connected to the amplifier
cathode whereby said amplifier is biased to cut-

-oif in the absence of signals, and an additional

rectifier, coupled. to said signal input circuit to

-receive signals therefrom, including a direct cur-
rent connection to a gain control electrode of said

amplifier for automatically regulating the gain
of .the amplifier when signals impressed on the
amplifier input vary from a desired level.

2. In combination with an amplifier having a
signal input circuit and an output circuit, a rec-
tifier coupled to said signal input circuit, a con-
trol tube having its grid connected to said rec-
tifier and its cathode connected to the amplifier
cathode whereby said amplifier is biased to cut-
off in the absence of signals, and an additional
rectifier, coupled to said signal input ecircuit to
receive signals therefrom, including a direct cur-
rent connection to a gain control electrode of
said amplifier for automatically regulating the
gain of the amplifier when signals impressed on
the amplifier input vary from a desired level, said
rectifiers being disposed within said control tube.

3. In combination with an amplifier having a
signal input circuit and an output circuit, a diode
rectifier coupled to said signal input circuit, a
control tube having its grid connected to said
rectifier and its cathode connected to.the ampli-
fier cathode whereby said. amplifier is biased to
cut-off in the absence of signals, and an addi-
tional diode rectifier, coupled to said signal input
circuit to receive signals therefrom, including a
direct current connection to a gain control elec-
trode of said amplifier for automatically regulat-
ing the gain of the amplifier when signals im-

.pressed on the amplifier input vary from a de-

sired level.
4. In combination with an amplifier having a
signal input circuit and an output circuit, a diode

rectifier coupled to said signal input circuit, a
.control tube having its grid connected to said
-rectifier and its cathode connected to the ampli-

fier cathode whereby said amplifier is biased to

cut-off in the absence of signals, and an addi- -

tional diode rectifier coupled, to said signal input
circuit to receive signals: therefrom, including a
direct current connection to a gain control elec-
trode of said amplifier for automatically regu-
lating the gain of the amplifier when signals im-

pressed on the amplifier input vary from a de-
.sired level, said rectifiers being disposed within

said control tube. .
5. In combination with an amplifier having a

-signal input circuit and an output circuit, a rec-

tifier coupled to said signal input circuit, a con-
trol tube having its grid connected to said recti-
fier and its cathode connected to the amplifier
cathode whereby said amplifier is biased to cut-
off in the absence of signals, and an additional
rectifier, coupled to said signal input circuit to
receive signals therefrom including a direct cur-
rent connection to a gain control electrode of
said amplifier for automatically regulating the
gain of the amplifier when signals impressed on
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-said rectifiers- being diodes and being disposed .

within said control tube, the cathode of the lat-

-ter being common to both diodes.

6. In combination with an amplifier having a
signal input circuit and a load circuit coupled to
the output electrodes of the amplifier, a control
network for preventing transmission of unde-

.sired electric impulses in said input circuit to said
-load -circuit, said network comprising a diode
-coupled to said signal circuit to provide a recti-
-fied signal output varying directly with the signal

intensity in said input circuit, an electron dis-
charge device having a control electrode con-
nected to the diode and output electrodes con-

‘nected to the said input circuit to bias said am-

plifier to cut off, whereby the amplifier transmis-
sion is rendered highly inefficient, when said sig-
nal intensity decreases below a-desired level.

7. In combination with an amplifier having a
signal input circuit and a load circuit coupled to

.the output electrodes of the amplifier, a control

network ‘for preventing transmission of undesired
electric impulses in said input circuit to said load
circuit, said network comprising a diode coupled

-to:said signal circuit to provide a rectified signal

output varying directly with the signal.intensity
in said input circuit; an electron. discharge device
-having a control electrode connected to the diode
and cutput electrodes connected to the said input

-eircuit to bias said amplifier to cut off, whereby
~the amplifier transmission is rendered highly in-
‘efficient, when said signal intensity decreases be-

low d. desired level and a volume control diode,
comprising the cathode of said device and an

.auxiliary cold electrode, having its cold electrode

connected through independent signal and direct
current paths to said signal input circuit.

8. In' combination with an amplifier having a
signal input circuit and a load circuit coupled to
the output electrodes of the amplifier, a control
network for preventing transmission of undesired
electric imbulses in said input circuit to said load

-circuit; said network comprising a tube having

-disposed’ therein a diode coupled to said signal
-circuit to provide a rectified signal output vary-

ing directly with the signal intensity in said input

circuit, an electron discharge device having a
control electrode connected to the diode and out-
put electrodes connected to the said input circuit
to-bias said amplifier to cut off, whereby the am-

.plifier transmission is rendered highly inefficient,

when said signal intensity decreases below a de-
sired level. ' '

9./In combination with an intermediate fre-
quency amplifier having a signal input ecircuit
and & load circuit coupled to the output electrodes
-of the amplifier, a- control network for prevent-
ing transmission of undesired electric impulses in
said input circuit to said load circuit, said net-
‘work comprising a diode coupled to said signal

-eircuit to provide s rectified signal output vary-

ing directly with the signal intensity in said input

-circuit, an electron discharge device having a

control electrode connected to the diode and out-
put. electrodes connected to the said input cir-
‘cuit to bias said amplifier to cut off, whereby the
‘amplifier transmission is rendered highly ineffi-

-cient, when said signal intensity decreases below

a desired level.

10. In combination with an amplifier having a
signal input circuit and a load circuit including
a detector coupled to the output electrodes of the
amplifier, a control network for preventing trans~
mission of undesired electric impulses in said in-
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put circuit to said load circuit, said network com-
prising a diode coupled to said signal circuit to
provide a rectified signal output varying directly
with the signal intensity in said input circuit, an
electron discharge device having a centrol elec-
trode connected to the diode and output elec-
trodes connected to the said input circuit to
bias said amplifier to cut off, whereby the ampli-
fier transmission is rendered highly inefficient,
when said signal intensity decreases below a de-
sired level.

11. A receiver including at least an amplifier
and a detector, a resonant sighal input circuit
connected to the amplifier, a similarly resonant
neiwork coupling the amplifier output electrodes
to the detector input electrodes, a second ampli-
fier having a signal electrode coupled fto said
amplifier input circuit, a control tube of the type
provided with at least two independent diode
systems and a. triode system all having a com-
mon cathode, a direct current connection between
the common cathode and the first amplifier in-
put circuit, a sharply resonant circuit connected
to one of said dicde systems and adapted to
receive amplified energy from the second ampli-
fier, means for connecting a cold electrode of

said triode to said one diode, means for connect-

ing the cold electrode of the other diode to said
second amplifier output to receive signals there-
from, and a direct current connection between
said last cold electrode and the input circuit of
the first amplifier.

12. A receiver including at least an amplifier
and a detector, a resonant signal input circuit
connected to the amplifier, a similarly resonant
network coupling the amplifier output electrodes
to the detector input electrodes, a second ampli-
fier having a signal electrode coupled to said am-
plifier input circuit, a control tube of the type
provided with at least two independent diode
systems and a multi-electrode system all having
a common cathode, a direct current connection
between the common cathode and the first ampli-
fier input circuit, a sharply resonant circuit con-

nected to one of said diode systems and adapted .

to receive amplified energy from the second am-

Dplifier, means for connecting a cold electrode of

said multi-electrode system to said one diode,
means for connecting the cold electrode of the
other diode to said second amplifier output to re-
ceive signals therefrom, and a direct current con-
nection between said last cold electrode and the
Input circuit of the first amplifier, said common
cathode being maintained at a positive potential
with respect to- said last cold electrode until
signals impressed on the first amplifier reach a
predetermined infensity level.

13. A receiver including at least an amplifier
and a detector, a resonant signal input circuit
connected to the amplifier, a similarly res-
onant network coupling the amplifier out-

put electrodes to the detector input elec-
trodes, a second amplifier having a signal
electrode coupled to said amplifier input

circuit, a coil having a natural period in the
output circuit of the second amplifier, a control
tube of the type provided with at least two inde-
pendent diode systems and a triode system all
having a common cathode, a direct current con-
nection between the common cathode and the
first amplifier input circuit, a sharply resonant
circuit connected to one of said diode systems,
and adapted to receive amplified energy from
the second amplifier, means for connecting a
cold electrode of said triode to said one diode,
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means for connecting the cold electrode of the
other diode to said second amplifier output to
receive signals therefrom, and a direct current
connection between said last cold electrode and
the input circuit of the first amplifier,

14. A receiver including at least an amplifier
and a detector, a resonant signal input circuit
connected to the amplifier, a similarly resonant
network coupling the amplifier output electrodes
to the detector input electrodes, a second am-
plifier having a signal electrode coupled to said
amplifier input circuit, a control tube of the type
provided with at least two independent diode
systems and a multi-electrode system all having
a common cathode, a direct current connection
between the common cathode and the first ampli-
fier input circuit, a sharply resonant circuit,
coupled to said coil, connected to one of said
dicde systems and adapted to receive amplified
energy from the second amplifier, means for con-
necting a cold electrode of said multi-electrode
system to said one diode, means for connecting
the cold electrode of the other diode to said
second amplifier output to receive signals there-
from, and a direct current connection between
said last cold electrode and the input circuit
of the first amplifier.

15. A receiver including at least an amplifier
and a detector, a resonant signal input circuit
connected to the amplifier, a similarly resonant
network coupling the amplifier output electrodes
to the detector input electrodes, a second ampli-
fier having a signal electrode coupled to said am-

‘plifier input circuit, a control tube of the type

provided with at least two independent diode
systems and a multi-electrode system all having
a common cathode, a direct current connection
between the common cathode and the first ampli-
fier input circuit, a sharply resonant circuit
connected to one of said diode systems and
adapted to receive amplified energy from the
second amplifier, means for connecting a cold
grid electrode of said multi-electrode system
to said one diode, means for connecting the cold

5 electrode of the other diode to the coil in said

second amplifier output to receive signals there-
from, and a direct current connection between
said last cold electrode and the input circuit of
the first amplifier.

16. A receiver including at least an amplifier
and a detector, a resonant signal input circuit
connected to the amplifier, a similarly resonant
network coupling the amplifier output electrodes
to the detector input electrodes, means in the
detector output for controlling the energy output
thereof, a second amplifier having a signal elec-
trode coupled to said amplifier input circuit, a
control tube of the type provided with at least
two independent diode systems and a triode sSys-
tem all having a common cathode, a direct cur-
rent connection between the common cathode
and the first amplifier input circuit, a sharply
resonant circuit connected to one of said diode
systems and adapted to receive amplified energy
from the second amplifier, means for connecting
a cold electrode of said triode to said one diode,
means for connecting the cold electrode of the
other diode to said second amplifier output to
receive signals therefrom, and a direct current
connection between said last cold electrode and
the input circuit of the first amplifier.

i7. A receiver including at least an amplifier
and a detector, a resonant signal input circuit
connected to the amplifier, a similarly resonant

network coupling the amplifier output electrodes
to the detector input electrodes, 2 second ampii-
fier having a signal electrode coupled to said am-
plifier input circuit, a control tube of the type
provided with at least two independent diode
systems and a multi-electrode system. all having
2, common cathode, a direct current connection
between the common cathode and the first ampli-
fier input circuit, a sharply resonant circuii con-
nected to one of said diode systems and adapted
to receive amplified energy from the second am-~
plifier; means for connecting a cold electrode of
said multi-electrode system to said one diode,
means for connecting the cold electrode of the
other diode to said second amplifier output to
receive signals therefrom, and a direct current
connection between said last cold electrode and
the input circuit of the first amplifier, an ampli-
fier preceding the first amplifier, and means to
manually adjust the sensitivity of the preceding
amplifier. ) ‘

18. In combination with an amplifier having a
signal input circuit and an output circuit, a rec-
tifier coupled to said signal input circuit, a con-

trol tube having its grid connected to said recti~ ¢

fier and its cathode connected to the amplifier
cathode whereby said amplifier is biased to cut-
off in the absence of signals, and an additional
rectifier, coupled to said signal input. circuit to
receive signals therefrom, including a direct cur-
rent connection to a gain control electrode of
said amplifier for asutomatically regulating the
gain of the amplifier when signals impressed on
the amplifier input vary from a desired level, and

an additional tube, including an electrical llumi- -

nating means and an energizing source therefor
in its output circuit, having its input circuit con-
nected to the said signal input circuit whereby
said source is ineffective to energize said illumi-
nating means when said amplifier is biased to
cut-off.

19. In combination with an amplifier having
a signal input circuit and an output circuit, a
rectifier’ coupled to said signal input circuit, a

control tube having its grid connected to said 4

rectifier and its cathode connected to the am-
plifier cathode whereby said amplifier is biased
to cut-off in the absence of signals, and an addi-
tional rectifier, coupled to said signal input cir-
cuit to receive signals therefrom, including a di-
rect current connection to a gain control elec-
trode of said amplifier for automatically regu-
lating the gain of the amplifier when signals
impressed on the amplifier input vary from a

desired level and means for selectively render- :

ing the control tube ineffective to control said
amplifier.

20. In a receiver including a radio frequency
amplifier, a detector, and an audio frequency
amplifier, a rectifier arranged to receive signal
energy from said radio amplifier, a direct cur-
rent connection from the rectifier to said radio
amplifier to automatically regulate the gain there-
of, a second rectifier arranged to receive signal
energy from said radic amplifier, a direct cur-
rent connection from the second rectifier to said
radio amplifier to automatically bias the latter
to cut-off when signals are not received, an
electrical illumination device operatively associat-
ed with the audio amplifier anode circuit, and
2 direct current connection from the second rec-
tifier to the space current path of said audio
amplifier to control the intensity of illumination
of said device. -

21. In a super-heterodyne receiver, a radio fre-
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quency amplifier, a first detector, an intermediate
frequency amplifier and a second detector, an au-
tomatic volume control arrangement connected
between the input circuit of the intermediate
frequency amplifier and the input circuits of the
radio frequency amplifier and the first detector,
said volume control arrangement being con-
structed to vary the gain of said radio frequency
amplifier to a greater extent than that of the
“first detector, and a manual sensitivity control
means comprising means for maintaining & nor-
mal negative bias on the grids of the radio fre-
quency amplifier and first detector, and means
for varying the said normal negative bias, means,
responsive to a decrease in received signal am-
plitude below a predetermined amplitude, for

rendering the “signal transmission to the second

detector inefficient, a device for rendering the last
means ineffective, and means for actuating the
said device upon a predetermined adjustment
of said bias varying means.

29. Tn s super-heterodyne receiver, a radio fre-
quency amplifier, a first detector, an interme-
diate frequency amplifier and a second detector,
an sutomatic volume control arrangement con-
nected between the input circuit of the inter-
mediate frequency amplifier and . the input cir-
cuits of the radio frequency amplifier and the
first detector, and a manual sensitivity control
means comprising means for maintaining a nor-
mal negative bias on the grids of the radio fre-
quency amplifier and first detector, and means
for varying the said normal negative bias, a
background noise sSuppressor arrangement con-
nected between the input circuit of said inter-
mediate frequency amplifier and the cathode cir-
cuit of the latter, a device for rendering the
suppressor arrangement inoperative or operative
at will, and a common control means for me-~
chanically coupling said manual sensitivity con-
trol and said device.

93. In a radio receiver, a radio frequency am-
plifier, a succeeding detector, an electron dis-
charge tube of the type including a cathode,
control grid, a main anode, and a pair of diode
anodes disposed adjacent said cathode outside
the electron stream to said main anode, a signal
coupling path between the input circuit of said
amplifier and a tuned input circuit connected
between the said cathode and one of said diode
anodes, a direct current connection between said
tuned input circuit and the input circuit of said
amplifier, a signal coupling path between the
input circuit of said amplifier and a diode rec-
tifier circuit comprising said cathode and the
other diode anode, a direct current connection
between the said diode rectifier circuit and the
input circuit of said amplifier, a direct current
path between said main anode and the said
cathode, and a connection between the said
control grid and said tuned input circuit.

24. In a radio receiver, a radio frequency am-
plifier, a succeeding detector, an electron dis-
charge tube of the type including a cathode, con-
trol grid, a main anode, and a pair of diode
anodes disposed adjacent said cathode outside
the electron stream to said main anode, 2 signal
coupling path between the input circuit of said
amplifier and a tuned input circuit connected
between the said cathode and one of said diode
anodes, a direct current connection between said
tuned input circuit and the input circuit of said
amplifier, a signal coupling path between the
input circuit of said amplifier and a diode rec-
tifier circuit comprising said cathode and the
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other diode anode, a direct current ccnnection
between the said diode rectifier circuit and the
input circuit of said amplifier, a direct current
path between said main anode and the said cath-
ode, a connection between the said control grid
and said tuned input circuit, and a signal cou-
pling path between the anode circuit of said
amplifier and said detector, the signal coupling
path to the first diode anode and the detector
being relatively more sharply tuned than the
signal coupling path to the said diode rectifier
circuit.

25. Radio receiving apparatus comprising, in
combination, signal selecting means turnable to
receive any signal of a desired frequency in & pre-
determined signal frequency range, a demodulalor
coupled to the selecting means, an audic amplifier
foliowing said demodulator, light indicating
means connected to said amplifier for preducing
variations in light in accordance with tize aver-
age current flowing through the amplifier, and
means for automatically controlling the current
flow through said amplifier in response to & varia-
tion in amplitude of a received signal.

26. Radio receiving apparatus comprising, in
combination, signal selecting means tunable to
receive any signal of & desired frequency in &
predetermined signal frequency range, an ampli-
fier following said means, light indicating means
connected to said amplifier for producing varia-
tions in light in accordance with the average cur-
rent flowing through the amplifier, means for
sutomatically controlling the current flow
through said amplifier in response to a variation
in amplitude of a received signal, a detector dis-
posed between the selecting means and the ampli-
fier, and said amplifier being connected to amplify
the audio component of the detected signal
current.

27. Radio receiving apparatus comprising, in
combination, signal selecting means tunable to
receive any signal of a desired frequency in a
predetermined signal frequency range, & demodu-
lator coupled to the selecting means, an audio
amplifier following said demodulator, light indi-
cating means connected to said amplifier for pro-
ducing variations in light in accordance with the
average current flowing through the amplifier,
means for automatically controlling the current
flow through said amplifier in résponse to a varia-
tion in amplitude of a received signal and inde-
pendent means for automatically regulating the
amplification of a selected signal prior to im-
pression upon said amplifier.

28. In combination, in a radio receiver, a signal
amplifier, means for detecting the amplified
signal, an automatic gain control circuit oper-
atively associated with the amplifier for regu-
lating the gain thereof in a sense to maintain the
signal carrier amplitude at the detecting means
substantially constant, noise suppressor ineans
responsive to a predetermined decrease in re-
ceived carrier amplitude for substantially de-
creasing the signal transmission through the re-
ceiver prior to said detecting means, manually
adjustable means for varying the gain of the am-
plifier independently of the said gain control cir-
cuit, and additional means for rendering the noise
suppressor means inoperative, said additional
means being mechanically coupled with said
manually adjustable means to function at the
minimum gain adjustment point of said manu-
ally adjustable means.

29. In a high frequency signal reception system
of the type comprising a demodulator, a high fre-
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quency signal amplification network feeding sig-
nals to the demodulator, a demodulated signal
transmission network coupled to the demodulator
output, means, responsive to  received signal
amplitude increase, for automatically decreasing
the transmission of signals to the demodulator,
noise suppressor means independent of the first
means for automatically decreasing the signal
transmission to the demodulator upon a decrease
of the received signal amplitude below a pre-
determined intensity level.

30. In a high frequency signal reception sys-
tem of the type comprising a demodulator, a high
frequency signal amplification network feeding
signals to the demodulator, a demodulated signal
transmission network coupled to the demodulator
output, means, responsive to received signal
amplitude increase, for automatically decreasing
the transmission of signals to the demodulator,
noise suppressor means independent of the first
means for automatically decreasing the signal
transmission to the demodulator upon a decrease
of the received signal amplitude below a predeter-
mined intensity level, a manually adjustable de-
vice for regulating the signal transmission effi-
ciency of the amplification network, a manually
adjustable device for controlling the demodulated
signal transmission efficiency. i

31. In a high frequency signal reception system
of the type comprising a demodulator, a high fre-
quency signal amplification network feeding sig-
nals to the demodulator, a demodulated signal
transmission network coupled to the demodulator
output, means, responsive to received signal
amplitude increase, for automatically decreasing
the transmission of signals to the demodulator,
noise suppressor means independent of the first
means for automatically decreasing the signal
transmission to the demodulator upon a decrease
of the received signal amplitude below a predeter-
mined intensity level, a manually adjustable de-
vice for regulating the signal transmission effi-
ciency of the amplification network, a manually
adjustabie device for controlling the demodulated
signal transmission efficiency, and means for
rendering the noise suppressor means ineffective.

32. In a high frequency signal reception sys-
tem of the type comprising a demodulator, a
high frequency signal amplification network
feeding signals to the demodulator, a demodu-
lated signal transmission network coupled to the
demodulator ocutput, means, responsive to re-
ceived signal amplitude increase, for automati-
cally decreasing the transmission of signals to
the demodulator, noise suppressor means inde-

9 pendent of the first means for automatically de-

9

creasing the signal transmission to the demodu-
lator upon a decrease of the received signal am-
plitude below a predetermined intensity level,
and said suppressor means having a sharper sig-
nal selectivity characteristic than said first
means.

33. In 2 high frequency signal reception sys-
tem of the type comprising a demodulator, a
high frequency signal amplification network
feeding signals to the demodulator, a demodu-
lated signal transmission network coupled to
the demodulator output, means, responsive to re-
ceived signal amplitude increase, for automati-
cally decreasing the transmission of signals to
the demodulator, noise suppressor means in-
dependent of the first means for automatically
decreasing the signal transmission to the demodu-~
Iator upon a decrease of the received signal am-
plitude below a predetermined intensity level,

said amplification network including af least one 2

amplifier tube, and said suppressor means in-
cluding a direct current connection to a gain
control electrode of the tube.

34. In g high frequency signal reception sys-
tem of the type comprising a demodulator, a
high frequency signal amplification network
feeding signals to the demodulator, a demodu-
lated signal transmission network coupled to the
demodulator output, means, responsive to re-
ceived signal amplitude increase, for automati-
cally decreasing the transmission of signals to
the demodulator, noise suppressor means inde-
pendent of the first means for automatically de-
creasing the signal transmission to the demodu-
lator upon a decrease of the received signal am-
plitude below a predetermined intensity level,
a light emitting device electrically associated
with the demodulated signal network, and
means responsive to said signal amplitude de-
crease for decreasing the light emitted by the
device.

35. In a high frequency signal receiver of the
type comprising a detector, a tunable high fre-
quency amplifier preceding the detector and
feeding it, an audio amplifier fed by the detector,
a tuning indicator light emission device opera-
tively associated with the audio amplifier space
current path, a source of alternating current
coupled to the said space current path to ener-
gize the light device, and means, responsive to
amplitude variations at the high freguency am-
plifier, for confrolling the light emitted by the
device.

WENDELL L. CARLSON.
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