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My present invention relates to gain regulation
systems, and more particularly to automatic
volume control arrangements for radio receivers.

It is old in the art to use a separate tube for the

5iRA. V. C. function of radio receivers. However,
thiis always has involved undesirable complication
in the B supply system. It has hitherto been im-
possible, when using a separate A. V. C. tube, to
seli-bias or ground all cathodes and have all

1023¢rid returns’ (with no applied signal) at, or near,
ground potential. - The reason is obvious; the
B supply of the A. V. C. tube is in series with the
B supply of the RF tubes in all past examples of
this system. Either —B is grounded and the RF

1557cathodes placed about 100 volts positive with re-
spect to ground, or the RF cathodes are groeunded
(or self~biased to ground) placing —B about 100
volts negative to. ground. Each of these ex-
pedients is highly undesirable.

20 My solution of the problem eliminates the
necessity of placing the two B supplies in series.
True it requires a voltage 100 volts negative to
ground.  However, this connects only to a por-
tion of the circuit in which hum is easily filtered

25 out due to the high impedance level, and hence
the drop across a filter reactor may be utilized.
Hence, the chief object is to obtain the advantage
of a separate A. V. C. tube with its fat A. V. C.
characteristic without some of the disadvantages.

30 Another prime object of my present invention
is to provide an automatic volume control ar-
rangement for a radio receiver wherein, unlike
automatic volume control systems known in the
prior art, the control rectifier tube output elec-

35 ‘trode is at a positive potential with respect to the
cathodes of one or more controlled high frequency
amplifiers. :

Another important cbject of the present inven-
tion is to provide in an automatic volume control

40 arrangement for a radio receiver, a. volume con-

trol tube whose output electrode is at a positive

potential with respect to the cathode of a ‘con-

- trolled tube preceding the control tube.

Other objects of the present invention are to
45- generally improve known automatic volume con-
trol systems, and to particularly provide an im-
proved volume control system of the presently
disclosed type which is not only. reliable and
durable in operation, but economically manufac-

50. tured and assembled in a radio receiver. '
The novel features which I believe to be char-
acteristic -of my invention are set forth in the
appended claims, the invention itself, however,
as to both its organization and method of oper-
55 ation will best be understood by reference to the

(CL 250—20) )
- Tollowing description taken in connection with

the drawings in which I have indicated diagram-
matically several arrangements for carrying my
invention into effect.

In the drawings, 5

Fig. 1 diagrammadtically shows one form of the
present invention, :

Fig. 2 shows a modification of the invention.
Referring now to the accompanying drawings
wherein like reference characters in the different 10 .
figures designate similar circuit elements, there is
shown in Fig. 1 a conventional form of super-
heterodyne receiver embodying one form of the
invention. While the invention is disclosed in
connection with a superheterodyne receiver, it 15

is to be clearly understcod that the receiver can
be of the cascaded tuned radio frequency ampli-
fier type. The various circuits of the super-
heterodyne receiver will only be described briefly
gince those skilled in the art are well aware of gq
the specific connections of a superheterodyne re-
ceiver of the type shown in Fig. 1.

A signal collecting means, such as a grounded
antenna circuit A, is-coupled to the tunable input
circuit { of a radio frequency amplifier 2 whose g5
gain is to be automatically regulated. The tube 2
is of the radio frequency pentode type, and known
as a 58 tube, the anode circuit of the tube being
coupled to a tunable input circuit 3 of the first
detector tube 4. The first detector tube is also of 3¢
the pentode type, and, with the succeeding inter-
mediate frequency amplifier tube 5, is of the 58
type. .

The local oscillator 6 of the receiver is conven- ]
tionally shown, its tunable circuit 7 being repre- 35
sented as including a variable tuning condenser,
which variable tuning condenser is uni-controlled
with the variable tuning condensers of circuits 2
and 3, this being represented by the dotted lines 8.

In the anode circuit of the pentode first detector 40
tube there is included a network 9 resonant to the
opertaing intermediate frequency, this network 9
being coupled to a similar network §’, also tuned
operating intermediate frequency, this network 98
being disposed in the grid circuit of the inter- 45
mediate frequency amplifier 5. A line 19 repre-
sents the connections between the local oscillator

§ and the cathode circuit of the first detector tube

4, and it is to be understood that this numeral 10

" designates the conventional connections which 50

couple the local oscillator and first detector.
The anode circuit of the tube § includes a res-
onant circuit i1 tuned to the intermediate fre-
quency, the intermediate frequency energy in
the circuit 11 being fed to two paths. One of 5a:-
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2
these paths, represented by the numeral 12, in-
cludes the second detector and succeeding audio
frequency network, the circuits connected to the
path {2 being omitted to preserve simplicity of
disclosure. The second path to which the inter-
mediate frequency energy of network {i is fed,
includes the circuit {3, tuned to the intermediate
frequency, and coupled to circuit {{. The auto-
matic volume control tube is designated by the
numeral 14, and the circuit 12 is disposed in the
grid circuit of tube 14, the latter being a tube
including independent diode and pentode sec-
tions and is of the 2B7 type. .

The circuits described up to this point are
generally well known to those skilled in the art,
and it will be recognized that the tube (4 func-
tions as a source of direct current control poten-
tial for regulating the gain of the radio ire-
quency amplifier tube 2, the first detector tube
4 and the intermediate frequency amplifier tube
§. In systems known heretofore the anode of
the control tube {4 has been at a negative poten-
tial with respect-to the cathodes of the controlled
tubes. However, by means of the present inven-
tion these controlled tubes have their cathodes
at 2 negative potential with respect to the out-
put electrode of the control rectifier. .

Furthermore, the present system of automatic
volume control is accomplished in a practical and
easily manufactured ecircuit, and with a mini-
mum of auxiliary circuit elements. This is ac-
complished by connecting the anode of tube 14
to the low potential side of resistor R: of the
power source bleeder through a lead i8. The
high potential side of resistor R: is connected to
the positive terminal of the positive potential
supply source, this source being omitted, but it
being clearly understood that it may be the usual
filtered rectified alternating current source, or
even a direct current scurce. The negative side of
the potential supply source is represented by the
symbol (—B), and the negative side of the bleeder
is connected to the —B terminal through a path
which includes the lead 16 and 16’. The bleeder
comprises four resistors in series, these being
desighated as Ri, Rz, R3, and Rs. A practical
set of values for these resistors, it being em-
phasized that these values are merely illustrative,
are as follows:

R1=300,000 chms; R2=180,000 ohms; R3=6,000
ohms; R¢=194,000 ohms.

The junction of resistors R1 and Rz is desig-
nated as being of a value of --100 volts, the junc-
tion between resistors Rz and Rs is designated as
having a potential of 0 volts, while the junction
of resistors Rs and R« has a value of —3 volts,
and the negative side of resistor R« has a po-
tential value of —100 volts.

The diode anode of control tube 14 is con-
nected by a lead 1T to the junction of resistors
Re and Rs, and therefore this diode anode is at
zero volt potential, or at ground potential. The
automatic gain regulation path, designated “A.
V. C.” includes a lead (9 having one terminal
thereof connected to the junction of resistors
R3 and R4, the lead 19 being connected to the grid
circuits of tubes 2, 4 and 5 through resistors 28,
21 and 22 respectively. Appropriate radio fre-
quency by-pass condensers are connected be-
tween the grid and cathode electrodes of each of
tubes 2, 4 and 5, and the usual common cathode
potential supply connection is made to the an-
odes of tubes 2, 4, and 5§ through lead 23.

The anode of control tube {4 is connected by

lead 15 to a point of 4100 volts on the supply:
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bleeder, while the anodes of the preceding tube
are supplied with a potential of 250 volts. Proper
screen grid potential is secured for the tubes by
connecting a secondary bleeder resistor Rs be-
tween lead 23 and ground, and then connecting &
the lead 24 between the screen grid leads of tubes

2, 4 and 5, and point ¢ on bleeder Rs. The lead

25 connects the screen grid of tube {4 to point b °
on bleeder Rs, this point being at a less positive
potential than peint ¢. The control grid of tube 10
14 is connected through tuned circuit {3 and lead

26 to a point intermediate resistors Rs and Ru,
one side of resistor Rt being connected to lead
16 and the —B terminal, while one side of re-
sistor Re is connected to the grounded cathode 16
of tube 14. .

The resistors Ri, Rz, R3, R4 are so proportioned
as to give the indicated voltages to ground when
the control tube (4 is cut off, and this is the
normal zero signal condition. When a very 20
strong signal is tuned in the potential values -
associated with these last named resistors be-
come Tespectively 4250 volts, +20 volts, —40
volts, —43 volts, and —100 volts, effectively ap-
proaching cut-off of the radio frequency tubes. 25
Of course, a moderately strong signal will only
partially cut off the controlled tubes in the man-
ner usual to automatic volume control systems.

It will be observed that an accurate balance
is required between the values of Ri, Rz and R4, 30
to prevent the voltages marked zero volts and
—3 volts from varying badly under zero signal
conditions. 'To remove this difficulty, the re-
sistors are first calculated on a voltage divider
basis as indicated. The value of Rz is then de- »
creased 10 or 15 per cent. This would cause the
voltage on the positive terminal of Rs (0 V.
point) to rise to possibly 10 volts positive if the
diode connection were not present. In fact, the
voltages remain practically unchanged because 40
of the diode current which flows when the diode
plate is very slightly positive. Each of the re-
sistors may now be varied over moderate limits
without affecting the bias on the amplifier tubes
appreciably. About one-half mil of plate current 45
in the automatic volume control tube would be
required to cut off the amplifier tubes plate cur-
rent in this preferred embodiment.

When the diode connection is made, the poten-
tial of the positive end of Rs becomes the same 50
as ground potential within one or two tenths of a
volt due to the diode current which flows. Moder-
ate variations in the values of Ri, Rz and R4 now
calise unappreciable variations in the potentials of
the terminals of Rs to ground. When a signhal is 65
applied, the A, V. C. tube does not start to func-
tion until the signal amplitude reaches a prede-
termined value of several volts on the gtid of the
A. V. C. tube. Plate current then flows, increas-
ing the current in Ri: and decreasing that in Re, 60
Rz and Ra. The potentials of the terminals of Rs
cause negative biasing off of the radio frequency
amplifiers just sufficient to maintain the radio
frequency voltage applied to the A. V. C. tube at
the desired value over a wide range of input 6
amplitudes.

In Fig. 1 the automatic velume control tube is
shown actuated with intermediate frequency on
its grid. By adjusting the ratio of screen volt-
age to bias voltage, the intermediate frequency 70
voltage required to barely start plate current may
be adjusted to any desirable value such as 10
volts of intermediate frequency. Increasing this
one or two more volts will be sufficient to cut off
the radio frequency tubes. - Hence, a very flat 75.¢
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curve will be obtained, of radio frequency input to

desirable to keep- intermediate frequency out of
the automatic volume control tube to prevent the

. intermediate frequency harmonics being fed back

to the input circuit. This makes it desirable to
actuate the automatic volume control tube with
direct current.

In Fig. 2 there is shown a circuit arrangement
for actuating the automatic volume control tube
with a direct current component. As in the case
of Fig. 1 the power potential supply source is not
shown, but the leads 30 and 3! are to be under-
stood as connected to the -+B and —B terminals
of the power potential source. The resonant cir-
cuits 1! and 13, which were described in connec-
tion with Fig. 1 as tuned fo the operating inter~
mediate frequency, are connected between the
intermediate frequency amplifier network and the
second detector.
networks preceding circuit (1 are similar to those
shown in Fig. 1 preceding the circuit i1 therein.
The second detector tube is of the type known
as an 85-tube, and is of the duplex diode pentode

type, That is to say, the tube 32 includes a pen-

tode section independent of a pair uf diode sec-
tions. This type of tube is now well known to

those skilled in the art, and most generally com- .

pbrises .a common cathode sieeve for the diode
and pentode sections, the diode anodes 23 in the
present case being strapped together and con-
neected to the high potential side of circuit 13.
The cathode is connected to the low potential
side of circuit {3 through s resistor 34 shunted by
a condenser 35, the control grid of the pentode
section being connected by lead 36 to the un-
grounded side of resistor 34. The electron stream
from the cathode 3§ to the electrodes of the pen-
tode . section of tube 32 is independent of the
electron stream fiowing to the diode anodes 23.
For this reason the tube 32 functions in a dual
capacity. One of these capacities comprises diode
rectification for second detection, while the other

capacity comprises pentode amplification, of the.

audio frequency component of the second detec-
tion step. The audio frequency amplifier network
usually connected to the output electrode of the
pentode section of tube 32 is not shown, but the
circuit necessary for the utilization of the direct
current component of the pentode section output
is shown.

The automatic volume control -tube is of the
pentode type, as in Fig. 1, and has its control grid
connected to the anode of the pentode section of
tube 32 through a path which includes lead 24,
resistor 42 and lead 43. The lead 43 is connected
to the positive potential lead 38 through a re-
sistor 43’. The low potential side of resistor 42
is connected to the negative potential lead 31
through a resistor 44, the less negative side of
resistor 44 being at a potential of about —15 volts.
The ground lead I8 is corinected to the cathode
36 of tube 32 through a bias resistor Rs, but it is
to be noted that if the dicde second detector does
not have to be maintained at a positive poteutial,
the detector cathode resistor Rs may be omitted. -

The bleeder R1, Rz, R3, and Re is employed as
in Fig. 1 the anode of tube 48 being connected to
the junctions of resistors Ri and Rg, the zero volt
side of resistor R3 being connected, as in Fig. 1,
through lead {7 to the suppressor grid of the radio
frequency amplifier tube 2. The automatic vol-
ume control lead {8 is connected to the —3 volt
point of resistor R4 as in Fig. 1, the remaining
connections being the same as in this last named

It will be understood that the

3

figure. The screen grid potential for tube 40 .is
derived from the junction of resistors 59 and 51,
the latter resistors being connected in series he-
tween leads 80 and !8.

The control grid of the tube 48 is maintained
well below cut-off since the voltage divider is
disposed in the plate circuit of the detector tube
82, this arrangement being similar to that em-
ployed in Fig. 1. Hence, any moderate change in
the values of the detector plate resistors simply
changes by a slight amount the values of bias
change required to begin to actuate the automatic
volume-contrel tube. It should be noted that in
Fig. 2 all the elements of both tubes, except the
control grid of tube 49, are at all times positive
with respect to ground. The cathodes of the sig-
nal amplifier tubes, as shown in Fig. 1, are of
course grounded. '

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 particu-
lar organizations shown and described; but that
many modifications may ke made without depart-
ing from the scope of my invention as set forth
in the appended claims. ’

What I claim is:

1. In combination, a signal amplifier, a control
tube, a voltage divider, means for connecting the
output electrode of said control tube to a point
of positive potential on said divider, an amplifier
gain control connection conductively connecting
the signal control grid of said amplifier to o point
on said divider which is negative with respect to
sald first point, means for maintaining the cath-
odes cof the amplifier and control tube at a com-
mon voltage which is intermediate the voltage of
said two points, and means for transferring am-
plified signal energy from saigd signal amplifier
to the input cireuit of said control tube.

2. In combination, & signal amplifier, a control
tube for regulating the amplifier gain, a voltage
divider, means for connecting the output elec-
trode of said control tube to a point of positive
botential on said divider, a gain control connec-
tion conductively connecting the signal control
grid of said amplifier to a point on said divider
which is negative with respect to said first point,
means for transferring amplifier signal energy
from said signal amplifier to the inpub circuit of
said control tube, means for maintaining the am-
plifier and control tube cathodes at a common pos-
itive voltage with respect to the amplifier grid, and
means for connecting the control grid of the con-
trol tube to a point in the divider circuit of such
negative potential that the control tube is cut off
in the absence of signal energy.

3. An aufomatic volume control for a receiver,
the latter including at least one signal amplifier
provided with a tube having a cathode, an anode
and a control grid, said control comprising a suc-
ceeding control tube provided with g cathode,
control grid and plate, means for coupling the
grid of the control tube and the anode circuit
of the preceding amplifier, a common source of
direct current voltage for the amplifier and con-
trol tube, means for establishing the cathodes of
the amplifier and control tube at a common

voltage, a.gain control connection from the am- ;

plifier grid to a point on said source which is at
a predetermined negative voltage with respect to
a second point on the said source, said second
point being at a voltage equal to that of said com-
mon voltage, a connection from the control tube
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anode to a third poinf on said source which is
positive with respect to the first two points.

4. In a system as defined in claim 3, a connec-
tion from the said cathodes to the negative ter-

. minal of said source.

5. In a system as defined in claim 3, means in
the space current path of the control tube for
maintaining the control tube grid at cut-off
voltage in the abseiice of received signals.

6. In a system as defined in claim 3, an aux-
iliary anode in the control tube, and a connection
from the auxiliary anode to said second point
on the voltage source.

7. An automatic volume control for a receiver,
the latter including at least one signal amplifier
provided with a tube having a cathode, an anode
and a control grid, said control comprising a suc-
ceeding control tube provided with a cathode,
control grid and plate, means for coupling the

‘grid of the control tube and the anode circuit of

the preceding amplifier, a common source of di-
rect current voltage for the amplifier and control
tube, means for establishing the cathodes of the
amplifier and control tube at a common voltage,
a gain control connection from the amplifier grid
to a point on said source which is at a prede-
termined negative voltage with respect to a sec~
ond point on the said source, said second point
being at a voltage equal to that of said common

.voltage, a connection from the control tube anode

to a third point on said source which is positive
with respect to the first two points, said voltage
source comprising a plurality of resistor elements
arranged in the space current path of the control

tube, the voltages of the first and second points

become increasingly negative with signal ampli-
tude increase, and the voltage of the third point
becomes less positive.

8. An automatic volume control for a receiver,
the latter including at least one signal amplifier
provided with a tube having a cathode, an anode
and a control grid, said contrcl comprising a
succeeding control tube provided with a cathode,
control grid and plate, means for coupling the

5,020,363

grid of the control tube and the anode circuit
of the preceding amplifier, a common source of
direct current voltage for the amplifier and con-
trol tube, said source comprising a plurality of
resistors arranged in series in the control tube
space current path, means for establishing the
cathodes of the amplifier and control tube at &
common voltage, a gain control connection from
the amplifier grid to a point on said source which
is at a predetermined negative voltage with re-
spect to a second point on the said source, said
second point being at a voltage equal to that of
said common voltage, a connection from the con-
trol tube ancde to a third point on said source
which is positive with respect to the first two
points, and an additional signal amplifier, inter-
posed between the first amplifier and control
tube, and having its cathode at the said com-
mon voltage and its grid connected to the said
first point.

9. An automatic volume control for a receiver,
the latter including at least one signal amplifier
provided with a tube having a cathode, an anode
and a control grid, said control comprising a suc-
ceeding control tube provided with a cathode, con-
trol grid and plate, means for coupling the grid
of the control tube and the anode circuit of the
preceding amplifier, & common source of direct
current voltage for the amplifier and control tube,
means for establishing the cathodes of the am-
plifier and control tube at a common voltage, a
gain control connection from the amplifier grid
to a point on said source which is af a prede-
termined negative voltage with respect to a sec-
ond point on the said source, said second point
being at a voltage equal to that of said common
voltage, a connection from the control tuke anode
to a third point on said source which is positive
with respect to the first two points, said voltage
source comprising a resistive potentiometer ar-
ranged in the control tube plate circuit, and a
signal demodulator coupled to the amplifier anode
circuit.

VERNON D. LANDON.
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