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(CL 179—171)

7 Claims.

This invention relates to electronic tube am-
plifier control systems for use in sound record-
ing equipment and, more particularly, to ar-
rangements in such amplifiers for automatically
controlling the output volume in accordance with
some function of the volume :of the signal being
amplified.

In sound recording systems to be used to make
sound records from a wide variety of sources,
such as. telephone conversations, conferences, of-
fice dictation, radio, and the like, in which the
initial sounds have & wide range of average in-
putb signal levels, e. g. from —120 db. to +10 db,,
and a wide range -of volume variations .at such
average levels, e. g. 60 to. 70 db,, it is necessary
to amplify all signals, regardless of their diverse
initial levels, to the particular average level nec-
essary to operate the recorder element, e. g. 10
to 20-db., and to reduce the range of volume vari-
aiion in the. amplified signals to a sufficiently
narrow range so that the recorder eglement will
not “blast” or “overcut,” €. g. a range of 25 to
30 db. In the past it has been customary to at-
tempt to achieve these results by the use of au-
tomatic volume control circuits, commonly ab-
breviated “A. V. C.-circuits.”. These circuits have
been of two general types: the “forward-acting”
type and the “backward-acting” type. The first
is a cireuit in which a portion of the input signal
is amplified by a separate amplifier, rectified,
and fed in a negative sense as an operating -grid
bias to the control grid of -one of the amplifier
tubes of the variable-gain, e. g. remote-cut-oiff,
type se as to control the gain of the amplifier
system in accordance with the volume -of the in-
put signal. In the “backward-acting” type, a
portion -of the output -signal is rectified and fed
back as an operating grid ‘bias to the control
grid of one of the amplifier tubes to control the
amplification factor of the amplifier system in a
similar manner, The first, or “forward-acting”
type, system is relatively simple to desigh and
operate, its operating characteristic tending to
be degenerative, but it is subject to the -disad-
vantage that the amplifier output level is main-
tained practically constant regardless of input
level so-that, if its spéed of response:is sufficiently
fast to be of practical use, it-completely robs the
amplified signal of what might be called “vol-
ume level perspective,” 1. €. a relative difference
in volume level between loud :and soft passages
in the amplified signal, preducing a substantiaily
mono-level output, which usually is highly un-
desirable. The curve of such an operating char-
acteristic is shown at B in Figure 1. The sec-
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ond, or “backward-acting” type of automatic vol-
ume control is of the “compression” variety. It
causes the amplifier to operate as & non-linear
amplifier in which the range of volume change
at: its input is reduced in accordance with some
predetermined ratio at-its output. For example,
assuming the amplifier to have a 2 to 1 compres-
sion ratio, if the input signal varies through a
range -of 40 db., the output signal will only vary
through a range of 20 db. The curve of such an
operating characteristic is shown at Cin Figure 1.
such a system has the advantage of maintain-
ing “volume level perspective” while still reduc-
ing the volume range of the signal to be re-
corded to the volume range which can be han-~
dled by the recorder element. However, it has
the disadvantage that its operating characteristic
tends to be regenerative so that it is subject to
“motor-boating” even when carefully designed’
unless it is provided with circuits having long
time-constants, -a design feature which renders
it useless for many practical applications.

Tn accordance with the present invention, com-
pression of the amplified signal to a desired lim-
ited volume range throughout a wide range of
input signal levels is accomplished with a “for-
ward-acting” type of A. V. C. circuit by the pro-
vision. of a novel control arrangement. A por-
tion of the input signal potential is amplified,
rectified to -provide a D. C. potential and then is
applied as an A. V. C. operating bias on one of
the amplifier tubes, all in the usual manner.
However, at the same time, a portion of this
A. V. C. D. C. potential is fed back to control
the .amplification factor of the fube amplifying
the portion of the input signal which is fed to
the A. V. C. circuit. This novel arrangement per-
mits effective A: V. C. operation throughout a
very wide range of input signal levels and also
preserves “volume level perspective” in the am-
plified output signal.

Accordingly, it is-an object of the present .in-
vention to provide a novel “forward-acting” type
A. V. C.system which incorporates the advantages
but none of the disadvantages of the “back-
ward-acting” type of A. V. C. system. If is a
further object of the present invention to pro-
vide such an A. V. C. system in which the com-
pression ratio may be varied throughout a wide
range; and one which operates properly through-
out a wide range of input signal levels without
blocking or overloading of the A. V. C. circuit
components. These and other apparent objects
and advantages of this invention are obtained by
the means described in the following specifica-
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tion and may be more readily understood by
reference to the accompanying drawings where-
in:

Figure 1 shows typical operating characteristic
curves of various types of automatic volume con-
trol systems including those of an amplifier sys-
tem embodying the present invention; and

Figure 2 shows the schematic wiring diagram of
an amplifier system embodying the present in-
vention.

Curve A represents the operating characteristic,
i. e. the relationship of the input volume level to
output volume level, of a theoretically perfect
amplifier not provided with any A. V. C. circuit,
in which the output level varies directly with the
input level. Curve B shows the operating char-
acteristic curve of a typical amplifier equipped
with the usual “forward-acting” type of A. V. C.
circuit in which the output increases in direct
proportion to the input level up to the point,
point X in Figure 1, at which the A. V. C. circuit
commences to function, after which the output is
held at a substantially constant level regardless
of further increase in the level of the input signal.
Curve C is the operating characteristic curve of
a typical amplifier equipped with the usual type
of “backward-acting” A. V. C. ¢ircuit in which the
output level increases directly with the input level
up to the point X at which the A. V. C. circuit
becomes effective and thereafter at a predeter-
mined rate at some fixed ratio with respect to the
rate of increase of the input signal, e. g. usually
at a ratio of 2 to 1. In accordance with the pres-
ent invention, an operating characteristic curve
of the type illustrated by curve C can be achieved
with a “forward-acting” A. V. C. circuit and the
slope of the curve above the point X, usually called
the “compression ratio” of the A. V. C. circuit, can
be adjusted to suit the particular needs of the
recording being made.

Referring to Figure 2, the schematic wiring
diagram of an electronic tube amplifier incor-
porating an A. V. C. circuit embodying the present
invention is shown. This recording amplifier
includes a source of signal to be recorded, gen-
erally indicated by the enclosed area 180, such as
a microphone, telephone, radio or the like; g pre-~
amplifier stage, generally indicated at 102, and
including an input transformer T—1 and g pen~
tode amplifier tube V—I{; an A. V. C. controlled
amplifier stage, generally indicated at 1084, includ-
ing a variable-mu pentode tube V—2;an A. V. C.
circuit comprising, an A. V. C. potential amplify-
ing stage, generally indicated at | 06, including
a variable-mu pentode tube V—3, and an A. V. C.
botential rectifier circuit generally indicated at
188, including a double diode rectifier tube V—4;
a driver stage, generally indicated at | 106, includ-
ing a triode amplifier tube V—5; a power ampli-
fier stage, generally indicated at 112, including
a beam power pentode tube V—&; an output cir-
cuit, generally indicated at {14, including an out-
put transformer T—2 and a recorder element
M—1; and a power supply circuit, generally in-
dicated at 118, including a full-wave rectifier tube
V—T17 and a power transformer T—3, for supplying
operating potentials to all of these amplifier por-
tions.

The signal to be recorded from the signal source
180 is impressed through the input transformer
T—I to the grid 12 of the pre-amplifier pentode
V—I of the pre-amplifier stage {02. This pre-
amplifier pentode V—I is provided with the cus-
tomary cathode bias resistor R—1 with its bypass
condenser C—I connected to a common ground
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4
circuit 18, and its suppressor grid 15 is connected
to its cathode {{ in the usual manner. Its plate
I3 is connected through a plate 10ad resistor R—2
and its screen grid {4 through a series resistor
R—13 to a suitable positive high voltage terminal
118 in the power supply (18, the screen grid 14
also being bypassed to ground by a bypass con-
denser C—2, The amplified signal appearing
across the plate resistor R—2 is applied through
a coupling condenser C—4 to the control grid 22
of the remote-cut-off screen grid pentode tube
V—2 in the amplifier A. V. C. stage 184 where it is
amplified in the normal manner so that the ampli~
fied signal appears across its plate load resistor
R—A4, which is connected to a positive high voltage
terminal 122 in the power supply (16. The sup-
pressor grid 29 of the pentode V—2 is connected
to the cathode 21 in the usual manner, the cathode
21 in turn being connected to the common ground
circuit 0. The pentode V—2 is also provided
Wwith a screen grid series resistor R—5 and bypass
condenser C—25.

The amplified signal from the pre-amplifier
stage 102 is also fed to the A. V. C. potential
amplifying stage (06 through a coupling con-
denser C—=6 to the control grid 82 of the pentode
tube V—3 where it is amplified before being
rectified by the A, V. C. rectifier circuit 108,
This A. V. C. potential amplifying tube V—3 is
provided with the usual grid return resistor R—6,
cathode bias resistor R—1 with its bypass con-
denser C—1, and screen grid resistor R—8 with
its bypass condenser C—8 and plate load resistor
R—8 connected to a positive high voltage tap
120 in the power supply 116. Its suppressor grid
35 is connected to its cathode 3l in the usual
manner. The amplified A. V. C. potential which
appears across the plate resistor R—8 of amplifier
tube V—3 is applied through g coupling condenser
C—9 to the A. V. C. rectifier tube V—4, 'This
rectifier tube V—4 is a double diode connected
in a voltage-doubler arrangement as shown in the
diagram, so that the rectified A. V. C. pulsating
D. C. potential appears across resistor R—I0
shunted by a condenser C—1i0. Briefly, this
voltage doubler rectifier arrangement operates as
follows: During the portion of the cycle of the
signal impressed on the grid 382 of A. V. C. poten-
tial amplifying tube V—3 when the grid is going
negative, the current through this tube decreases,
thus decreasing the voltage drop across plate
resistor R—2 and increasing the positive poten-
tial above ground of plate 33 and the side of the
coupling condenser C—39 connected thereto, This
causes condenser C—9 to be charged through the
cathode 43 and the anode 44 of one of the diodes
of rectifier tube V—4 to a voltage equal to the
beak value of this voltage change. During the
next half cycle of the signal voltage, when the
grid 32 of tube V—3 goes bositive, the current
through tube V—8 increases, thus increasing
the voltage drop across the plate resistor R—9
and thereby decreasing the potential above
ground of the plate 33 of tube V—3 and, thus,
of the plate of condenser C—9 connected to this
resistor, This, in turn, causes condenser C—38
to discharge through cathode 41 and anode 42 of
the other diode of rectifier tube V—4 and con-
denser C—10, thereby causing condenser C—I10
to be charged to a voltage substantially equal to
the voltage change across the plate resistor R—9
of tube V—3 during one complete cycle of the
signal voltage. This discharge of condenser
C—38 prepares it for the next negative half cycle
of the signal voltage and, at the same time, pro-
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duces across resistor R—10 the D. C. potential
to be used as the A. V. C. control potential which
is 3 function of the magnitude of the input sig-
nal. A part of this potential, determined by the
position of a slider 46 on resistor R—I10, is applied
a% 4 negative operating bias to the A. V. C. poten-
tial amplifying pentode V-——3 by means of a con-
nection from this slider 46 through the grid re-
turn resistor R—6 to the contiol grid 32 of tube
Vi—3. With this novel arrangement of applying
4 portion of the A. V. C. D. C. potential back
to the grid of the A. V. C. potential amplifying
tube V—3, an A. V. C. effect is superimposed
upon the original A. V. C. effect so as to greatly
increase the signal range ovéer which the A. V. C.
cireuvit is effective. - As will hereinafter be de-
seribed, by suitably positioning the slider 48 on
resistor R—18 to determine the portion of the
A, V. C. D. €. potential fed back to tube V-—3,
the slope of the A. V. C. operating character-
istic curve can be preédetermined as desired. A
biag resistor R—Ii1 is connected in the cireui}
between the cathode 43 of rectifier tube V—=4
and the common ground circuit 180 and the
cathode end of this resistor R—41{ is connected
0 g sliding contact 48 on a bleeder yvesistor R—28
connected across the output termninals (18 and
{28 of the power supply (16, With the connec-
tion just indicated, @ positive bias potential is
applied to the cathode 43 of one diode of the
A. V. C. rectifier tube V—4 to provide & bias
which prevénts the A. V. C. citcuit from oper-
ating until the signal voltage exceeds a prede-
termined value, ag will heveinafter be déscribed
in greater detail, The A. V. C, D. C. potential
develobed neross resistor R—10 is applied through
a tonnection from the negative end 138 of this
yegistor through a grid resistor R—12 to the con-
trol grid 22 of the amplifier A. V. C. tube V—2 o
control the amplification factor of this tube and
thus détermine the extent of amplification of the
signal in the amplifier system.

The volume-controlled araplified signal ap-
pearing atross the plate resistor R—4 of the
A. V. C. amplifier tube V—2 is applied through
4 coubling condenser C—1i1 and & recording level
control potentiometer P—{ to the control grid
52 of the driver tube V—5. This amplifier tube

V=% is provided with the usual cathode bias
resistor R--22 with its bypass condenser. C—i2
eonnected to the common ground eircuit 18, and
1t> plate 58 is connected through a plate load re-

istor R—-21 to a suitable high voliage tap 124 in
the power supply 116. The output of the driver
stage 110 is applied to the power output amplifier
stage 112 by connecting the plate 53 of the driver
tube V—5 through a coupling condenser C—I13
to the control grid 62 of the beam power pentode
V-—8. The control grid 62 of tube V—&§ is alse
connected to the common ground circuit (90
throiigh the usual grid resistor R—13 and its
cathode 61 is connected to this ground eircuit 19
through the customary cathode biasing resistor
R-—18 with its bypass condenser C—1{4. The cir-
cuit of the power amplifier stage 112 is of con=
ventional desigh. The anode 63 of tube V-—6
is connected to one side of the primary of the
output transformer T—2, the other side of which
is conneeted to a suitable high voltage tap 126
in the power supply 116. The screen grid 64 is
connected to another tap 124 therein of slightly
iower voltage. The secondary of the output
transformer T—2 is connected to the recorder ele-
ment M—1 and one side of this secondary is
gonnested 'to the common ground eireuit 10.
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This recorder element M=—i may be of any:suit«-
4ble type; such as that shown in U. S. Patent
o, 2,054,080 to M. J. Johnson for impressing
the usual sound groove oh a suitable recording
medinm, such, for example, as the wax cylinder
i15 shown in the drawings. ‘

The ‘power supply {16 is of the conventional
full-wave rectifier type. It includes a power sup-
ply transforiner T=-3 the primary of which is
connected to an alternating current supply line
158 through a fuse F—1 and a 'double-pole single=
throw “off-on” switeh S—i, and a full-wave rec-
tifier tube V—=7 having a cathode Ti and two

. gnodes 12 connected in the usual manner to the
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high voltage secondary of the transformer T-—3
and to a filter system comprising & plurality of
fltéring resistors R==15, R-=i8, R—IT, R—I8,
R-—19, the bleeder resistor R=28, and filter con-
densers C=={5, C—16, C==11, C==18, C==19 and
C==20 connected in the usual manner. It pro-
vides D. C. operating potentials betwesn the nega-
tive terminal 128 and a plurality of positive high
voltage terminals 118, 128, 122, 124 and 126 con=
nected to the various amplifier circuit portions
as above-described.

Tn the amplifier system just described incor=
porating the mnovel “forward-acting” A. V. C.
circuit embodying the present dnvention, it is
possible t6 achieve the desirable operating char-
acteristics shown by curve C in Figure 1 of 2
“packward-acting” A, V. C. arrangement, i. e, the
retention of “volume level perspective,” w1thout
the disadvantages inherent therein, and o set
the slope of the A. V. C. operating characteristic
curve at any value desired between that of the
normal “backward-acting” A. V. C. arrangement
shown by curve C, 1. e. o compression rabio of
approximately 2 to 1, and that of the normal
“forward-acting” A. V. C. circuit illustrated by
curve B in Figure 1, i. e. an infinite compression
ratio. Such an adjustment of the compression
ratio of the A. V. C. circuit is accomplished by
adjustment of the slider 45 on the resistor R—I{0.
If this slider is moved to the positive terminal
i37 4% the end of resistor R—I8, none of the

A, V. C. D. C. potential is fed back to the AV, C.

potehsial amplifying tube V=—38, and thus the
circlit operates as o normal “forward-acting”
A, V. C. circuit providing an opérating curve
similar to curve B of Figure 1. If the slider
4% is moved to the othér terminal 130 at the
negative end of resistor R—19 so that the entire
A. V. C. D. C. potential is fed back to the control
grid 82 of A. V. C. potential amplifying tube V—3,
5s well as the control grid 22 of the A. V. C.
amplifier tube V—2, then thé operating char-
acteristic curve of the amplifisr system is that
of the usual “back-acting” *A. V. C. circuit ¢or-
responding to curve C of Figure 1 having an ap-
proximate 2 to 1 compression ratio. By posi-
tioning the slider 46 at some point intermediate
tarminals 138 and 132 of resistor R—I8 inter-
mediate compression ratios can be obtained as,
for example, compression ratiosof 4tolor8tol
as illustrated by curves D and E, respectively, of
Figure 1. Additional flexibility in the control of
the characteristics of the A. V. C. system em-~
bodying the present invention, is achieved by
the provision of the slider 48 on the bleeder re-
sistor R—28. As above described, the setting of
this slider 48 determines the amount of fixed
positive bias applied to the cathode 43 of the
A, V. 'C. restifier tube V—4, thus affecting the
point on the operating curve at which the A. V. C.
elrcvit ‘goes into operation. In addition to per-
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mitting control of the slope of the A. V. C. char-
acteristic curve over wide limits, the novel
A. V. C. circuit arrangement of the present in-
vention makes possible an A. V. C. arrangement
which operates over an exceptionlly wide range
of input signal levels, a feature which is of con-
siderable importance in making satisfactory
sound recordings from a wide variety of signal
sources. In the usual A. V. C. circuit, when the
A. V. C. potential amplifying tube, i. e, tube V—3,
is operated with sufficiently high operating po-
tentials to quickly charge the A. V. C. condenser
C—I10 and thus permit rapid operation of the
A. V. C. circuit, an operating characteristic which
is necessary in many sound recording systems,
the A. V. C. potential amplifying tube V—3 tends
to become saturated and block at high input sig-
nal levels if it is effective at low levels. On the
other hand, if its circuit is adjusted so that it is
operative on high input signal levels, it is in-
effective when the input signal level is very low,
thus limiting the input signal level range over
which the A. V. C. circuit is effective. In accord-
ance with the present invention, this disadvantage
is overcome by the novel feature of feeding back
a portion of the A. V. C. potential to the A. V. C.
potential amplifying tube so that its range of
effective operation is considerably extended.

As many embodiments may be made in the
above invention and as many changes may be
made in the embodiment above described, it is to
be understood that all matters hereinbefore set
forth or shown in the accompanying drawing is
to be interpreted as illustrative only and not in
a limiting sense.

We claim:

1. In an electronic tube amplifier system for
sound recording, an A. V. C. compression circuit,
comprising, in combination, first amplifier means
including A. V. C. means responsive to a D. C.
bias potential for controlling its gain, means for
applying the signal to be amplified to the input
circuit of said first amplifier means, means for
connecting the output circuit of said first ampli-
fier means to the output circuit of said amplifier
system, second amplifier means including A. V. C.
means responsive to a D. C. bias potential for
controlling its gain, means for applying the in-
put signal to the input circuit of said second
amplifier means, means for converting the ampli-
fied signal output of said second amplifier means
into a D. C. potential, means for applying said
D. C. potential as an A. V. C. potential to con-
trol the amplification of said first amplifier
means, and means for applying a predetermined
portion of said D. C. potential as an A. V. C.
potential to control the amplification of said
second amplifier means.

2. In an electronic tube amplifier system for
sound recording, an A. V. C. compression circuit,
comprising, in combination, first amplifier means
including A. V. C. means responsive to a D. C.
bias potential for controlling its gain, means for
applying the signal to be amplified to the input
circuit of said first amplifier means, means for
connecting the output circuit of said first ampli-
fier means to the output circuit of said amplifier
system, second amplifier means including A. V. C.
means responsive to a . C. bias potential for
controlling its gain, means for applying the input
signal to the input ecircuit of said second amplifier
means, means for converting the amplifier signal
output of said second amplifier means into a
D. C. potential, means for applying said D. C.
potential as an A. V. C. potential to control the
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amplification of said first amplifier means, means
for applying a predetermined portion of said D. C.
potential as an A. V. C. potential to control the
amplification of said second amplifier means, and
means for biasing said converter means to render
it inoperative until the amplified signal output
from said second amplifier means reaches a pre-
determined value.

3. An A. V. C. compression circuit for use in
an electronic tube amplifier system, comprising,
in combination, a first A. V. C. amplifier circuit
including a first variable-mu pentode tube, a sec-
ond A. V. C. amplifier ecircuit including a second
variable-mu pentode tube, an input circuit for
applying the signal to be amplified to the input
of said first A. V. C. amplifier circuit and to the
input of said second A. V. C. amplifier circuit, an
output circuit for connecting the output circuit
of said first amplifier circuit to the remainder of
said amplifier system, rectifier means for chang-
ing the amplified signal output of said second
amplifier circuit into a D. C. A. V. C. potential,
means connecting the D. C. output of said rectifier
means to the control grid circuit of said first pen-
tode tube as an A. V. C. grid biasing potential,
and voltage control means applying a predeter-
mined portion of the D. C. output of said rectifier
means to the control grid of said second pentode
as an A. V. C. grid biasing potential to permit
adjustment of the compression ratio of said
A. V. C, circuit.

4. An A. V. C. compression circuit for use in
an electronic tube amplifier system, comprising,
in combination, a first A. V. C. amplifier circuit
including a first variable-mu pentode tube, a sec-
ond A. V. C. amplifier circuit including a second
variable-mu pentode tube, an input circuit for
applying the signal to be amplified to the input
of sald first A. V. C. amplifier circuit and to the
input of said second A. V. C. amplifier circuit,
an output circuit for connecting the output cir-
cuit of said first amplifier circuit to the remainder
of said amplifier system, rectifier means for
changing the araplified signal output of said sec-
ond amplifier circuit into a D. V. A V. C. po-
tential, means connecting the D. C. output of
sald rectifier means to the control grid circuit of
said first pentode tube as an A. V. C. grid biasing
potential, voltage control means applying a pre-
determined portion of the D. C. output of said
rectifier means to the control grid of said second
pentode as an A. V. C. grid biasing potential to
permit adjustment of the compression ratio of
said A. V. C. circuit, and means for applying a
positive D. C. bias to the cathode of said rectifier
means (o permit the amplified signal output of
said amplifier circuits to reach a predetermined
level before said A. V. C. circuit becomes effective.

5. In an electronic tube amplifier system, an
automatic volume compression circuit, compris-
ing, in combination, first amplifier means in-
cluding means for controlling its gain in accord-
ance with a bias potential, means applying the
signal to be amplified to the input circuit of said
first amplifier means, means connecting the out-
put circuit of said first amplifier means to the
output circuit of said amplifier system, second
amplifier means including means for controlling
its gain responsive to a bias potential, means ap-
plying the input signal to the input circuit of said
second amplifier means, means applying a first
predetermined portion of the amplified signal out-
put of said second amplifier means to the gain
control means of said first amplifier means, and
means applying a second predetermined portion
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of the amplified signal output of said second am-
plifier means to the gain control means of said
second ampiifier means.

6. In an electronic tube amplifier system for
sound recording, the method of automatically
compressing the magnitude of the output signal
in accordance with the magnitude of the input
signal which comprises the steps of performing
a first amplification cperation on said input sig-
nal, performing a second and separate amplifica-
tion operation on said input signal, producing a
control potential in accordance with the magni~
tude of the amplified output signal of said second
amplification operation, controlling the gain of
said first amplification operation with said con-
trol potential, simultaneously controlling the gain
of said second amplification operation with said
control potential, and applying the amplified sig-
nal output of said first amplification operation
to the output portion of said amplifier system.

7. In an electronic tube amplifier system for
sound recording, the method of automatically
compressing the magnitude of the output signal
in accordance with the magnitude of the input
signal which comprises the steps of performing
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o first amplification operation on said input sig-
nal, performing a second and separate amplifica-~
tion operation on said input signal, rectifying the
output signal of said second amplification opera-
tion to produce a D. C. control potential, applying
said D. C. control potential to control the gain
of said first amplification operation, simultane-
ously applying a portion of said D. C. control
potential to control the gain of said second ampli-
fication operation, and applying the amplified
signal output of said first amplification operation
to the output portion of said amplifier system.

CARL L. FREDERICE.

ROGER C. CURTIS.
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