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" " Application filed July 14,

My invention relates broadly to volume
control systems and more particularly to a
cireuit arrangement for a broadcast receiver
having means for automatically opposing in-
creases in amplitude of the signaling energy.
 One of the objects of my invention is to
provide means for impressing variable cur-
rent upon the input system of the radio fre-
quency amplifier of a radio broadcast receiver
opposite in phase to the incoming signaling
energy and proportioned in amplitude to the
amplitude of the incoming signaling energy.

Another object of my invention is to pro-
vide means for automatically controlling the

volume of sound reproduced by a broadcast -

receiver by impressing upon the circuits of

‘the amplification system in the receiver

energy In phase operation to the incoming
signaling energy for opposing increase In
amplitude of the incoming signaling energy
due to fading effects. .

Still another object of my invention -is to

- provide an arrangement of rectifier circuit

86

associated with the radio frequency ampli-
fication system of a broadcast receiver and
energized from a succeeding circuit cf the

broadcast receiver for impressing upon’ the -

preceding circuit current in phase opposition
to the incoming signaling current to oppose
any tendency of increase in signal amplitude

under conditions of fading. -

A further object of my invention is to
provide a method for automatically control-
ling the volume or amplitude of signal energy
in a radio receiver or similar device by tak-

ing energy from some portion of the radio
- ing 2y p

40

frequency -circuit when that energy exceeds
a predetermined value, and feeding this
energy into a preceding partiof the circuit in
phase opposition to the received energy.
Other and further objects of my invention
will be understood from the specification

~hereinafter following by reference to the ac-

&0

companying drawings, in which: - :
Figure 1 1llustrates a circuit arrangement
for a radio broadcast recelver embodying the

‘principles of my invention; Fig. 2 illustrates

a modified circuit arrangement for one stage
of radio frequency amplification showing the
means for distributing a portion of the in-
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coming signaling energy to the rectifier con-
trol circuit of the volume control circuit of
my invention; Fig. 3 illustrates an arrange-
ment of detector circuit having means for

impressing energy representing the radio fre--

quency component. of the received signal

_upon the control circuit to the rectifier illus-

trated in Fig. 1; Fig. 4 shows a further modi-
fication of the detector circuit which may be
employed according to the principles of my
invention; Fig. 5 illustrates a method of con-
necting the control rectifier for the volume
control cirenit in parallel with the input cir-
cuit of the detector for effecting volume con-
trol in the receiving system; Fig. 6 illustrates
a circnit arrangement for impressing con-

trol current from a succeeding portion.of '

the receiving circuit to a preceding portion
thereof through the shield grid circuit of one

of the preceding amplifier stages; Fig. 7

illustrates a modified form of connection be-
tween the control rectifier and the antenna
circuit of a radio broadcast receiver; and
Fig. 8 shows the application of my inven-
tion to the audio frequency amplifier circuits

" of a broadcast receiver. ‘
My invention -provides means for distrib-
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uting current from a portion of the ampli- -

fication circuit of a radio broadecast receiver
whenever the amplitude of the incoming sig-
naling energy exceeds a predetermined value
and impressing such current upon a ‘preced-
ing portion of the amplification circuit in
phase opposition to the phase of the incom-
ing signaling current. Under conditions of

fading, the signaling current may rise and
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fall in amplitude -giving undesirable oper- -

.ation of the sound reproducing system and

interfering with the enjoyment of the radio
broadcast program. Such fading conditions
are apparent in long distance broadcast re-

90

ception where an incoming program may be

lost in part while other parts of the program
may be received with such amplitude as
to be unbearable to the average listener and
to overload the average loud_ speaker. By
means of the circuit arrangement of my in-
vention, the volume of reproduced sound is
maintained at substantially constant ampli-
tude. I provide a rectifier control circuit
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which is coupled to a selected portion of the
amplification system for introducing into the

‘amplification system current in phase oppo-

sition derived from a succeeding portion of
the amplification circuit for opposing the ef-

fects of the incoming signaling energy when .

such signaling energy increases in amplitude
beyond a prédetermined value. The prin-
ciples of my invention may be carried out
by a variety of different circuits, some of
which I have illustrated in the accompany-

' 'ing drawings,
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In Fig. 1 is shown one of the arrangements

.which have been reduced to practice. The

radio receiver is diagrammatically illustrat-
ed as comprising radio frequency amplifier

. stages 2 and 3, a, detector tube 4, and audio
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frequency amplifier 60. The input circuit
of the radic frequency amplifier connects to
antenna system 61 through a coupling systen:
having' primary winding 6 and inductively
coupled windings 5 and 7. Conductors 26
represent the busses through which alternat-
ing current is conveyed to the filaments of
the tubes, and 25 represents a voltage supply
for the plates and grids of the several tubes,
usually a rectifier and filter energized from

-rectified - alternating current. Tube 4 is a

detector of the plate rectification type. In-
ductance 13 and condenser 15 provide a tuned
input circuit to the detector 4. - Coupled to
coil 13 there is provided a coil 14 which is
connected in series with coil 5, tube 1, and
a portion of resistance 29. Coil 5 is coupled
to antenna coil 6 and tuned coil 7. Tube 1
is a rectifier. The function of the part of
resistance 29 included in the circuit is to
place a steady negative potential on the anode
1o of tube 1 so that there will be no flow of
electrons from the cathode until the peak

‘radio frequency voltage between cathode and.

anode exceeds a predetermined value. This
radio frequency voltage is obtained through
coil 14 and coil 13, and the voltage at which
tube 1 is to pass current is determined by the
amplitude of signal desired in the detector
tube 4. The desired amplitude is customari-
ly determined by listening to the output of
the receiver through loud speaker 62. Tube
1 is biased so that it begins to operate at
practically any desired amplitude of detector
input voltage. Before the radio frequency
voltage reaches this chosen value, theré will
be no current in tube 1,-coil 5, or coil 14, but
when this value is exceeded there will be one
pulse of current ‘at every cycle. Coil 5 is
coupled to coil 6 so that the instantaneous
values of currents will be in phase opposition,
so that when current begins to flow in coil 5
the energy input to the receiver is decreased.

. Condenser 28'is placed in the circuit as shown

'65

so that the radio frequency current will not
need to pass through resistor 28

As the current in the antenna 61 is small -
compared to that in coil 13 any tendency for
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the antenna current to increase will produce a
large increase in the bucking current in coil
5, so that the energy input to the receiver is
instantaneously .reduced .to that value at
which rectifier 1 just begins to pass current.

‘As no energy is drawn from coil 14 when
its.voltage is lower than that required forthe
operation of tube 1, the volume control ap-
paratus does not interfere with the reception
of weak signals. The coupling between coils
14 and 13 is made variable which provides a
method of varying the radio frequency volt-
age applied across tube 1, which gives an-
other method of regulating the amplitude of
signal at which the automatic control becomes
effective. S

There are many methods of tapping sources
of this bucking current and many methods
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for feeding this bucking current into another -

part of the circuit. Figs. 2 to 8 show several
modified circuit arrangements which may be
used. Ineach figure only a fragmentary part
of the radio receiving circuit is shown.” In
all the illustrations, including Fig. 1, the
same reference numbers refer to correspond-
ing parta. , '

In Fig. 2, T have shown a method of tap-
ping energy from the plate circuit of tube 3
in such manner that coil 81 does not ap-
preciably rob coil 13, nor affect its tuning.
As the plate resistance of a shield grid tube
is high, the external impedance seldom
matches it, so this additional impedance sup-
plied by coil 30 and its coupled circuits may
even increase the efficiency and cause the tube
to give better amplification, which will be
beneficial. Coil 81 may be tuned by con-
denser 32 if voltage amplification is needed.
The two ends of the coil 31 are connected to
tube 1.and coil 5 as in Fig. 1. 33 represents
the usual by-pass condenser. Condenser 32
may be one of a gang of condensers, or it may
be tuned separately, thereby giving another
{)neails of regulating the voltage on tube num-

erl. - :

Fig. 3 shows a method of using the radio
frequency current in the plate circuit of de-
tector tube 4, thus obtaining one more stage of
amplification for the volume control appara-
tus and eliminating any danger of this ap-
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paratus affecting the tuning of the radio fre-

quency stages. 34 is a radio frequency choke
coil which forces most of the radio frequency
current to flow through blocking condenser 16
and coil 35 to'ground. Coil 86 is coupled to
coil 85 and its two ends are connected as pre-
viously described with reference to coils 14
and 31 in Figs. 1'and 2. Coil 36 may be tuned
with a_condenser but this. greatly increases
the effective impedance of coil 35, so it is
preferable to operate it as shown because path
16 and 35 must be a low impedance path to
ground. ' .

Fig. 4 shows a modified form of control

120

circuit wherein the primary winding 87 of a =~ -
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transformer is directly connected in the plate
lead of the detector tube 4 hetween the plate

- of the tube and the primary winding 17 of
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audio frequency transformer 18.

Fig. 5 shows a method of directly tapping
the input circuit of detector tube 4 and also
another method of feeding the bucking cur-
rent into the antenna 61. It is niot necessary
to use thesetwo methods together; any one
of the methods here described of obtaining
bucking current may be used with any of the
methods for feeding this current into another
part of the circuit. In this figure, the energy
is taken directly~from the ends of coil 13.
Wire 43 leads from this coil through coil 5
to the anode 1a of two element tube 1. The
cathode of this tube is. connected through
wire 45, a portion resistance 29, and wire 46 to
the other end: of coil 18. Tube 1 and coil §
act as previously described, except that coil 5
is coupled to a separate coil 40 in the antenna
circuit, and induces in this coil an E. M. F.
which opposes the .antenna current. Con-
denser 42 is a by-pass for radio frequency

5 current. Wires 45 and 46 tap resistor 29 at .

such points that the anode of tube 1is at a
negative potential with respect to the cathode
for the reason previously explained. . Coil 5,
instead of being in the position shown, could
be inserted at point 56 in the wire connected
to the cathode of tube 1, and coupled to coil
40 asshown. ' : )

" Fig. 6 illustrates a three element rectifier

- and another method of feeding the bucking

current into the circuit. Coil 49 feeds radio

frequency energy into coil 50 which may be.

tuned by condenser 52 as shown, The grid
is biased: by moving contact 55 so that no
plate current flows until the radio frequency
pulsations in coil 50 exceed a predetermined
value. When this value is exceeded then
there are, in the plate circuit, pulsations of
current at radio frequency which may be
used as previously described for bucking the
energy in any preceding part of the circuit.
51, 53 and 5¥ represent by-pass condensers,
and wire 54 taps resistance 29 at the point
which gives the proper plate voltage for tube
la. .

There is illustrated here another method

. of feeding the bucking current into the cir-
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cuit. ‘The current in coil 48 induces an
E. M. F. in coil 47 which is in the shield grid
line of tube 2, thereby causing fluctuations
in the shield grid potential. Coils 48 and

47 are to be so coupled that the pulsations of .

E. M. F. on the shield grid are in such time
phase as to directly oppose the pulsations on
the control grid,and thereby reduce the radio
frequency energy in the plate- circuit. A
small choke coil 58 may be inserted as shown
if it is found that there is insuflicient energy
supplied the shield grid, so as to prevent loss

" to ground.
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This bucking energy may also be intro-

3

duced in a similar manner in the conttol grid
lead or the plate lead. Also, instead of in-
troducing the energy through a transformer,
it may be introduced directly into various
parts of the circuit across an impedance.

Fig. 7 illustrates such a /Zonnecti(“)n where

wires 6 and 63 lead to the source of bucking
current which-flows through resistance 59

70

setting up an E. M. F. which opposes the

antenna I&. M. F. Resistance 59 may be re-

placed by an inductance or a capacity. In-

stead of employing the half wave rectifier
shown at 1a, full wave rectifier may be used.

‘My invention is also applicable to the audio
frequency amplification .portion of the
broadcast receiver as illustrated in Fig. 8.
T have illustrated the detector at 4 associated
with the audio frequency power amplifier
tubes 60 .and 70. Increases in volume of

reproduced sound in the loud speaker 62 are

accompanied by increases in amplitude of the
-audio frequency current in the output -cir-
cuit of power amplifier tube 70, thereby in-
creasing the current through the primary
winding 64, which energy is inductively
transferred to the sccondary winding 65 and
applied to the control circuit ¢f rectifier
tube 1. The anode circuit of rectifier tube
1 connects through winding 71 returning to
the potential source across potentiometer 29

_returning through the tap 66 to the cathode

circuit. As the rectifier 1 is excited, a buck-

ing E. M. F. is set up in winding 71 tending

to oppose signaling energy in winding 72

-:(vhich is. transferred thereto from winding
3. : '

The operation of the automatic system of
my invention depends upon the amplitide of
the carrier wave and as the amplitude in-
creases the opposition effect introduced into
the signal receiving circuits correspondingly
increases, thereby restoring the operation of
the circuits to.normal condition. I have
found the circuit arrangement of my inven-
tion practical in its construction and success-
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ful in its operation and while T have shown -

a number of embodiments of my invention, I
desire that it be understood that modifica-
tions may be made and that no limitations
upon my invention are intended other than
are imposed by the scope of the appended
claims. - :

What I claim as new and desire to secure
by Letters Patent of the United States is as
follows: h '

1. In a signal receiving system, a multi-
plicity of electron tube amplification stages,
and means coupling one amplifieation stage
with a preceding amplification stage for
feeding back energy to said preceding am-
plification stage in phase opposition to the
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incoming signaling energy in proportion to -

the amplitude of the incoming signaling en-
ergy. '
2. A signal receiving system comprising

130
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a multiplicity of ampliﬁcétion_ stages, and
means coupling a portion of one amplification

. stage with a portion of a preceding ampli-

(@]
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fication stage for impressing energy there-

-on in 180° phase displacement. with respect

to_incoming signaling energy in said pre-
ceding amplification stage for regulating the
amount of energy in said signal recerving
system. : :

3. In a signal receiving circuit, an ampli-
fication system including a multiplicity of
intercoupled electron tube stages, a circuit
extending between a portion of one electron
tube stage and a portion of a preceding elec-

.tron tube stage for transferring current from

the succeeding amplification stage to the pre-

- ceding amplification stage, and means in

20
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said circuit for displacing the phase of the
current thus transferred with respect to the

phase of signaling current in said preceding"

amplification stage, whereby the effects of in-
creases in amplitude of incoming -signaling
energy are automatically opposed in propor-

-tion to the amount of energy received.

- 4. A radio broadcast receiver comprising
an amplification system including a multi-
plicity of intercoupled electron tube ampli-
fication stage with the circuit of a preceding
tion of the circuit of one electron tube ampli-
fication stage with the circuit of a preceding
electron tube amplification stage for trans-
ferring current therebetween, and means for
displacing the phase of the current. thus
transferred with respect to the phase of in-
coming signaling current in said preceding
amplification stage for opposing increases

in amplitude of the incoming signaling cur-

rent for maintaining the amount of energy

_in said ‘amplification stages at a constant

value. .
5. A radio receiving system comprising ah

‘amplification system including a multiplic-

ity of electron tube amplification stages; a
circuit coupling a portion of one electron

‘tube amplification stage with a portion of
a preceding electron tube amplification
_stage, and ‘a rectifier disposed in said circuit

for rendering effective upon said preceding

N amplification stage current impulses opposed

5o
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in phase.to the phase of the incoming signal-

ing currents in said preceding electron tube

1,884,081

in circuit with said means, said rectifier
having its input circuit excited by en-

_received - from said succeeding am- -

er,
plgcation stage and adapted to deliver
current impulses from the output circuit

70

thereof to said preceding amplification stage

in. phase opposition to the current im-
pulses derived from the incoming signaling
energy, the opposition effect being variably
controlled according to the amplitude of the
incoming signaling energy for maintainin
the amplitude of signaling energy delivered'
by said amplification system substantially
constant.- : ' :

7.'In a radio receiving system, an ampli-
fication circuit including a ‘multiplicity of
electron tube interconnected amplification
stages, a circuit intercoupling a. succeedin,
amplification stage with 'a preceding’ ampli:
fication stage, sald circuit including a recti-
fier having its input circuit excited by energy
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derived from said succeeding amplification -
stage and having its output eircuit connected -

to deliver current impulses to said preceding
amplification stage in phase opposition to
the phase of the incoming signaling energy,
and means for controlling the amplitude of
energy delivered from said succeeding am-
plification stage to the input circuit of said
rectifier, whereby. increases in signal ampli--
tude beyond a predeteérmined . limit intro-

duces opposition effects between the current

impulses delivered by said rectifier and the

incoming signaling energy.

. In testimony whereof I affix my signature
ERNEST R. HENTSCHEL.
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amplification stage for variably controlling

. the amplitude of the signaling energy trans-

ferred through said amplification system for
maintaining the amplitude of\signaling en-
ergy delivered by the output of said am-
plification stages substantially constant.

6. A radio broadcast receiver comprising
an  amplification system including a multi-
plicity of intercoupled electron tube ampli-
fication stages, means intercoupling a portion

* of the circuit of one electron tube amplifica-

85 .

tion stage with the circuit of a preceding elec-
tron tube amplification stage for transferrin
current therebetween, and a rectifier dispose
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