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Thls invention relates to control circuits for

sound recording and reproducing systems, and
more especially to automatic volume control or

compression circuits in electromc tube ampllﬁers_

for use with such systems.
In order to produce satisfactory records on the

usual recording mediums with normal types of

recorder elements, the level of the signal applied
to the recorder element must be maintained with-
in a relatively narrow range regardless of the

10

original range of the sound being recorded. This

is especially difficult when a single recording sys-
tem must be used to record sounds of widely dif-

ferent levels from many sources, such as in the
recording of telephone conversations, radio pro-~-

grams or communications, conferences, speeches,
and the like. This reduction in the volume range
of the sounds being recorded to the limited range

required at the recorder is usually accomplished
by the provision in an electronic tube amplifier
of an automatic volume compression circuit, fre-
quently referred to as an “A. V. C.” circuit. In
the usual operation of such circuits a D. C. Volt-

20

age 1s produced which is proportional to the in-:

put signal applied to the amplifier if the A V. C.
circuit is of the “forward-acting” type, or to the
output signal of the amplifier if the A, V. C. cir-
cuit is of the “backward-acting” type. This D. C.
voltage is applied to the grid of one or more vari-

able-gain -amplifier tubes, which may be of the

20

“super-control” or variable-mu type, to control -
their amplification factor and therefore the gain
of the amplifier in accordance with the strength

of the signal.
- Ideally such an A. V. C. cn‘cuﬂ; should operate

almost intantaneously to bring the amplifier gain
to the proper value before the first portion of
any sound or syllable. of speech can “blast” the

recorder unit and “overcut” the recording me-
dium. Experience has shown that in order to ob-

40

tain a high quality recording the operating time:
of the A. V. C, circuit, i, e. its “compression time,”

should be about ten milli-seconds or less.

Such -

a. compression time has been almost impossible

to realize practically in “single-ended” amplifiers,
1. e, other than “push-pull” amplifiers, for two
principal reasons.

45

The first reason is that a fast’

acting A, V. C, circuit having a short compres-"

sion time causes the magnitude of the averase
level of the signal passing through the amplifier
to vary at such a high rate as to produce audible
tone or “bump,” as it is flequently called. For

-5l

example, with a ten milli-second compression
time, the amplifier gain varies at a rate compar--

able to that of a sound having a frequency of one

51
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tortion in the amphﬁed signal.
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hundred cycles per second. Th1s sound-or “bump”* |

occurs each time the A, V. C. circuit operates and
is superimposed upon and interferes with the-

signal being amplified. In the past, in order to
avoid this undeswab]e effect, it was necessary to
increase the compression time of the A. V. C. cir-"
cuit until its rate of operation was reduced to
some V&lue comparable to a sub-audible fre-‘ '-'
quency. However, such a remedy is limited by
the amount of blasting and overcutting, caused
by the reduction in the speed of opera,tlon of the:
A. V. C. circuit, which can be tolerated in the_?'
recording system. The second reason is that it’
is impossible to filter the A. V. C. control’ Volt-_:
age satisfactorily in an A. V. C. circuit having
a. short compression time because such a short
action period requires circuits with small time--
constants which means circuits having small re-
sistance and capacity values and therefore lim-
ited filtering effectiveness. ' In order to operate
satisfactorily the A. V. C. control voltage should
be substantially pure D. C. With insufficient’
filtering in the A. V. C. circuit such as results
from short t1me constant circuits, the A. V. C.
potential will be a pulsating D. C. containing’ anlf--
A. C. component corresponding to the signal be-
ing amplified, and this component will be im-~-
pressed on the grids of the amplifier tubes along "
with the signal, thus causing considerable dis-
Normally, this
effect can be overcome only by increasing the
compression time of the A, V. C. dircuit because
an A, V. C. circuit which operates at a rate com-
parable to some a.udlble frequency must of neces-
sity transmit that frequency and therefore can--
not be designed to eliminate this distortion volt--
age by ﬁltermg Thus, single-ended amplifiers:
having a. suﬂic1ent1y rapid A. V. C. action for high -
quality recording are subject to the disadvantages
of “bumping” and distortion. Further rapid act-
ing A. V. C. circuits may cause blocking -of thef'

amplifier tubes due to large swings in the A. V. C.-
potential.” Although these dlsadvantages may be
partially overcome by the use of a push-pull-[
transformer-coupled amplifier in which  the
A. V., C, potential is applied “in phase” to' the -
grids of the first two tubes, even such an ampli-"
fier- is subject to blocking and distortion when
used in conjunction with an A. V. C. cr.rcmt hav-"-
ing a short compression time. ° B

In accordance with the present mventlon g
high fidelity single-ended amplifier may be ‘oper-
ated throughout'a wide range of signal levels
with an A. V. C. circuit having a very short com-"

- pression time without “bumping,” d1stort;ng, qr:
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blocking, by the provision of simple and novel
circuit arrangements for cancelling out the
“bumps” and distortion, and preventing block-
ing of the amplifier, all without the use of high
‘quality transformers and other expensive and
complex circuit elements. |

Accordingly; therefore, it is ai an. Gb,}EGt of ‘this-

invention to provide an electromc tube ampli-

fier having a rapid action A. V. C. circuit which:

does not cause ‘“bumping,” distortion, or block-

.

' for reproducing, as will be described hereinafter.

=1 |

10

ing. It is a further object to:provide such:an-

amplifier which is particularly adapted for use

in sound recording and reproducing :gpparatus: .

for recording sounds from sources.of. widely. di--

vergent levels, and to provide novel circults: for
- controlling its operation.

These and other apparent objects and advan-
tages of this invention are obtained by the means

described in the following specification:andimay

be more readily understood by reference to the

accompanying drawing which shows schematical--

ly..an.electric recording and. reproducing appa-
1&1:.115 embodying. the invention. |

Referring to . the.drawing, the recording. and
reproducing. apparatus. shown. therem generally

comprises a-source of signal to be recorded, gen-

erally.indicated by the blocked area 108; such.as
& microphone, telephone, radio, or the like; a pre-
amplifier. stage, generally:indicated.at 102, in-
cluding a- voltage .amplifier tube V—I; an am-
plifier: A, V. C. stage; generally 1nd1cat,ec1 at 104,
including.: A. V. C.
Vo—2.2nd: V—3; an. A. V. C. potential amplify-

ing-,and rectifying-circuit; generally indicated at
Q. 35.

{08; including. an amplifier tube V—4. and.
rectifier. tube V—5; a phase-inverter cathode-

follower- circuit, generally indicated at 108, in-.

cludmg vacuum . tubes V—6 and V—T1: a power
amplifying stage generally indicated. at 119, in-
cluding. . a.. power. amplifier. tube V—8; . a.power
supply- for. all. of these -circuits . genera,lly indi-

cated..at. 112, including a rectifier:.tfube V-—8; a.
recorder and . reproducer: mechanism, generally.
indicated at:116; and:-an output circuit, generally .
indicated: .at 114, which may .be selectively.con-
‘nected..either- to an- electrical recorder element
130: or; a ; loudspeaker unit 118- dependent. upon
whether the - apparatus- is- condltmned for re-.

cording .or reproducing.

The - 51gnal to be- recorded from.: the sxgnalg.

source 100 is-impressed through an input trans-

former. T—1{. to, the grid 12 of -the. pre-amplifier.
triode V—i .of the:pre-amplifier stage {02. The
pre-amplifier tube V—{ is provided with the cus--
tomary -cathode :bias.resistor R—4&: with its:by=
passcondenser:-C-—19, and--a-.plate load resistor.
R~—3-connected to.a. smtable positive-high:voltage-
terminal. {26 :in. the:power supply t{2. The am-
plified signal appearing across the- plate_ resistor.
R——5. of-  tube -V—{ is applied. through a-.cou--
piing ~condenser:C—4..to the control grid- 22 of
the remote-cut-off screen-grid . pentode V—2 in
the amplifier-A.. V. C. stage- 104 . where itris-am-

plified-:in. a. normal manner- -so- -that the. ampli- .

fied:signal..appears. across its: -plate.load. resistor

R-—1 1 .which is connected. to a: positive-high voli--
age-terminal- 124 in.power-supply:112. The sup-.
pressor grid.2%5 of the pentode. V-—2.:1s connected
to.the cathode 21-in -the.usual manner, and V—2..
70

1s provided with the.customary .screen-grid..re-
sistor-R~-9 and bypass condenser C—8: The con-

trol.-grid: 22 of.. tube  V—2-is-.arranged -to. be:
grounded -through .a-relay.contaet:- K—8 to: pre--
vent-the appearance of any - parasitic-signals-on.
the grid-22.when. -the.apparatus.is conditioned

controlled. amplifier- tubes

- power supply 112,

15 nected:todits cathode:41 in the usual manner. The

20

- potential-

25
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- to the A V. C. rectifier V—5.

The amplified signal from pre-amplifier stage
102 is also fed to the A. V. C. circuit 106 through
a condenser C—35 to the control grid 42 of a re-
mote-cut-off screen-grid pentode V—4 which
amplifies_the A. V. C. potential.before it .is rec-
tified:by:the: A V. C. rectifier V—5i This A. V. C.

potential amplzfymg tube V—4 is provided with

- the usual grid return resistor R—28, cathode bias

resistor R—271 with its bypass condenser C—Ii1,

-sereen-gnd resistor- R—25 with its bypass con-

denser G—19, and plate load resistor R—24 con-
nected:to -as positive-=_ high voltage tap 124 in the
Its suppressor grid 495 is con-

amplified: A, V..C. potential which appears across

the .plate. resistor. R—24 of amplifier tube V—4

is applied"through a coupling condenser C—I5
This rectifier
V-——>5 is a double diode connected in a voltage-
doubler: arangement as shown in the- diagram
so - that- the. rectified A:.. V. C. pulsating; D.. C..
appears - across resistorsi R—22 and:
R--23;- shunted by a condenser C—Ii4: Briefly,.
this voltage-doubler rectifier arrangement opers.
ates as follows:. during. the portion of the:cycle
of the. signal impressed on: grid 42 of A. V. C..
potential: amplifying tubke Ve—§- when: the grid:
is..going.negative,- the: current through-this tube:
decreases; thus-decreasing the voltage.drop-across:
plate’ resistor R—24-..and increasing the positive:
potential-above ground of-plate 43:and the side:
of1 coupling: condenser ' C—15 connected: thereto::
This causes condenser: C—195-to be chargedito-a:
voltage-equal:to-the peak value- of! this- voltage:
change- through cathode §3:and anode- 54:0of :one-
of -the- diodes of:rectifier tube V—8§! During: the-
next. half:cycle. of. the signal voltage when:the:
grid-42-of tube V-—4:is going positive, the current .
through tube. V—4§ increases;: thus increasing:the-
voltage: drop - across: plate - resistor R—24 and:
thereby- decreasing the potential” above: ground:
of:the plate of .condenser C—I15:connectedto this-
resisstor: and - the: plate: 43 of tube:V—4: This,

5. im turn, causes- condenser: C—I15i to- discharge-

through: cathode 54 and anode: 52:of the other:
diode of rectifier:tube- V—bd-and condenser C—I4§-
thereby: causing: condenser-C—I14-t6 be:charged:
to-a-voltage: substantially equal to:the voltage:
change: across:plate resistor -R-—24:0f tube D=4
during. one complete cycle of .the signal voltage:

This: discharge:of: condenser C—I18:prepares: it"
for the:next negative half cyecle of the signal
voltage and at the same time produces across

resistors R—22 and R—23"the D. C. potential

to- be used as the A. V. C. control potential and’
which::is proportional to the magniftude of -the
signal potential. Part of this-potential is ap-
plied: asa negative blas to the contrel grid 42 of
the-A. V. C. potential amplifying pentode V—4§
by - connecting - the juncture between  Tesistors-
R-—22'and R~—-23 through the grid return resistor-
R—28 to:-the control grid 42 of tube V—4. Wit

“this novel-arrangement of applyinhg a portion: of-

the A: V. C. D. C. potential back: to the grid of
the-A- V. C. potential ‘amplifying tube V—4; an
A; V. C. effect is superimposed upon the original
A. V. C. effect so as to greatly increase ‘the signal -
range-over- which the A. V. C, circuit is effective.
By choice. of suitable values for resistors R—22
and: R-—23 - determining: the proportion -of the-
A. V. C. D. C. potential fed back to'tube V—4,
the.slope-of-the A. V. C. operating characterlstm |
curve-can be-predetermined as desired. |

The A; V. C. D,.C. potential developed.across -
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resistors R—22 and R-—23 is applied through a
connection from the negative end of resistor
R—22 through a grid resistance R—8 to the con-
trol grid 22 of the amplifier A. V. C. tube V—2
above-described and, in the same phase, through
a similar resistance R—8 and a relay contact

K—I1, hereinafter to be described, to the control
grid 32 of the other remote-cut-off pentode tube

V—3 of the amplifier A. V. C. stage 104. Tube
V—3 is identical to tube V—2 and is similarly
provided with the usual plate load resistor R—12

connected to high voltage terminal 124, and
screen grid resistor R—I10 and bypass condenser

10 from the signal voltage, the A. V. C. “bump” volt-

C-—1. A series circuit comprising a resistor R—1

and a condenser C-—6 is connected from the con-
trol grid 32 of tube V—3 to ground so that the
impedance across the input of tube V-3 is sub-
stantially equal to the impedance across the
input ‘of tube V-—2 due to the plate circuit im-
pedance of V—{ and the grid circuit impedance
of V—4, so that the response of tubes V—2 and
V—3 to changes in the A. V. C. potential applied
thereto fthrough resistors R—6 and R—8, re-
spectively, is substantially identical. 'The con-
trol grid 32 of tube V—3 may also be connected
through a relay contact K—2, alternate to the
above-mentioned contact K—I, to a grid return
resistor R-——30 and, through a filter formed of
- @& resistor R—26 and a shunting condenser C—3,
to the reproducing element 132 of the recorder-
reproducer mechanism ({6 when the apparatus

18

20

. 6
inafter to be described, that the A. V. C. “bump” "
and distortion voltages appearing across resistor
R—I1{ are cancelled by the corresponding volt-
ages appearing across resistor R—I12, thereby

“leaving only the signal voltage to pass on to the

power amplifier stage 110. This is accomplished
by the novel circuit connections shown in the
drawing. The amplified voltage appearing across
resistor R—I1 comprising components resulting -

age, and the A. V., C. distortion voltage, is re-
duced by a voltage divider formed of a resistor
R—I13 and a resistor R—29, and this reduced
voltage is applied through a coupling condenser
C—I10 to the control grid 62 of one of the triodes
V—©&6 of the cathode-follower phase-inverter cir-
cuit 108.
the plate resistor R—12 of tube V—3 comprising
components resulting from the A. V. C. “bump”

and distortion voltages is fed through an attenu-

ator R—48, connected in parallel with resistor
R~-12, and a coupling condenser C—Ii0 to the

- control grid 12 of the other triode V—1 in the

26

30

is conditioned for reproducing and tube V—3

is operated as the input amplifier tube. At the
same time the A. V. C.. potential is grounded
by another relay contact K—1 connected to re-
sistor R—8. The A. V. C. amplifier tube V—4§,
the components of its associated circuits, and the
A, V. C. rectifier tube V—5§ are all suitably se-

lected so that condenser C—i4 can be charged

rapidly to the full A. V. C. potential, i. e. in a
period of the order of ten milliseconds. Inas-
much ‘as the charging time of condenser C—I4
determines the compression period of the A. V. C.

circuit this permits the A. V. C. response of the

amplifier to be made sufficiently rapid to permit

high quality recording without blasting or over-

cutting. .

With the circuit thus far described, it is evi-

dent that the voltage which appears across the
plate resistor R—I | of tube V—2 is a combination
- of the signal from the source {00 amplified by
tubes VeI and V—2, plus any “bump”’ produced
by operation of the A, V. C. circuit, plus any dis-
torting voltage which may come from the A. V. C.
circuit due to the presence in the A. V. C. poten-
tial of an A. C. component{ resulting from some
of the signal voltage leaking through the A. V. C.

3b

40

15
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circuit caused by lack of sufficient filtering in the

A. V., C, circuit. On the other hand, the voltage
which appears across the plate resistor R—1{2 of
tube V—3 is merely a combination of any “bump”

60

voltage produced by operation of the A. V. C. cir-

cuit plus any distortion voltage appearing in the
A. V. C. potential due to the presence of an un-
filtered A. C. component of the signal. These
“bump” and distortion voltages appearing across

resistor R—I2 are in phase with, and of substan- -

tially equal magnitude to, the two similar voliage
components appearing across pla,te resistor R—1 {
of tube V—2,

These voltages appearing across reswtors R—l l
and R—I2 are impressed, respectively, upon the

66 .

70

control grids 62 and 12 of the two triodes V—6. |

and V—T connected in the phase-inversion cath- .

ode-follower circuit 108 in such a manner, here-

(f+

cathode-follower phase-inverter circuit 108. The

cathodes 61 of tube V—86 and T1 of tube V—T are
connected together and to ground through a grid
biasing resistor R—I8 and a cathode-follower load:
resistor R—I{71. The grid returns of the tubes
V—b6 and V—1 are made through grid resistors
R-—1d and R—I16, respectively, connected to-
gether and to the junction of resistors R—I17 and
R—18. Resistance R—I8 is of such value as to

provide a normal operating grid bias for the tubes

V—6 and V—T, whereas cathode follower re~
sistor R—IT is a much higher resistance than
R—I18 and forms part of the plate load of these.
tubes, as is usual in normal cathode-follower op-
eration. The remainder of the plate load of these
tubes is provided by two resistors R—19 and
R—20 connected from the anodes 63 and 73 of
tubes V—6 and V—-1, respectively, to a suitable
high voltage terminal 122 in the power supply
112. The operational characteristics of the
cathode-follower phase-inverter circuit just de-
scribed are such that any voltage impressed on the
control grid of one of the tubes, e. g. tube V—8,
not only appears across the plate resistor of that
tube, e. g. plate resistor R—19, but also appears

across the plate resistor of the other tube, e. g.
plate resistor R—20 of tube V—1, in approximate~
ly equal magnitude but in opposite phase. With-
out going into a rigorous analysis of the opera-
tional characteristics of this circuit which bring
about these results, the cause of these effects may
be understood from the following brief explana-
tion. When the control grid 62 of tube V—6 be-
comes more positive its increased cathode-anode
current causes the voltage drop across cathode-
follower resistor R—I7T to increase, thus causing
the cathode 61 likewise to become more positive -
with respect to ground, thus “following” the po-
tential applied to the control grid 62 while the
voltage drop across plate resistor R—I19 increases
simultaneously. At the same time, assuming that
no signal is impressed on the control grid 72 of -
tube V—T1 so that its grid remains at a fixed
potential with respect to ground, the cathode T{
of tube V—1, being connected to the cathode 61
of tube V—6, becomes more positive with respect
to its control grid 12, i. e, its control grid becomes
more negative with respect to its cathode, thus
reducing its cathode-~anode current and hence

reducing the voltage drop across its plate re- -
sistor R—20 at the same time that the voltage . .
drop across the plate resistor R—19 of tube V—§ -

The amplified voltage appearing across
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is'increased. Thus:any :voltage impressed on the:
control -grid of one of the two: tubes V—& and

V—1 will appear across the plate resistor of that.
tube and also across the plate resmtor of the other
tube ‘but in reverse phase.

The novel and a,dmnta,geauls' results acmeved N
by the-circuit just described are now . apparent.

The voltage appearing across plate resistor R—4
of tube V—2, comprising the signal voltage plus
the A, V. C. “bump” voltage pius the A. V. C.
distortion voltage, is impressed on the control

10:

- grid 62 of tube V—E& so that this voltage appears
across the plate resistor R—{8 of tube V—8 and =

at: the same time it appears in inverse phase
across-the plate resistor R—2% of tube V—T.
Simultaneously, the voltage appearing  across

plate resistor R—12 of tube V=3, comprising the:
A. V. C. “bump’” voltage plus the A. V. C. distortion .

voltage, is impressed upon the control grid 72 of
tube V—T so that it appears across the plate re-

16

sistor R—20 of tube V—1 in phase with the cor- |

responding voltage appearing across R—18% as a
result of the “bump’” and distortion voltages im-.
pressed on grid 62,
operation of this circuit, it also appears in in-
verse phase across resistor R—I19. Thus, the.

total- voltage appearing across the plate resistor

- R—19 of tube V—b6 is equal to the sum of the
signal voltage plus the A. V. C. “bump” vollage
plus: the A. V. C. distortion voltage, due to the

However, due to. the novel

8
When the apparatus is conditioned for repro-.
ducing, the signal is fed from reproducer element:
i32:through tube V—3 to the grid of tube V—T-
where it appears.across the plate resistors R—18..
and R—20 of tubes V—6 and V—I1. In order to:
permit -the volume of: reproduction t0 be set at
a different value from. the recording volume, a-
separate reproducing volume control is provided. :
by utilizing the signal appearing across plate re-
sistor R—20 instead of that appearing across-
R—19. This is accomplished by impressing: this.
signal through a coupling condenser C—18, a re-
producing volume control potentiometer R—36,-
and a° relay contact K—4, alternate to contact. .
K—3, on to the grid 32 of power ampllﬁer tube: -
V—3. ;
The circuit of the power amphﬂer stage III] is
of conventional design. The anode 83 of tube.
V—_§ is connected to one side of the primary ofian .

00 output transformer T—2, the other side of which:

is connected to a suitable high voltage tap 120.in .

- the power supply ti2. Its screen grid 84 is con-

20

R—21,

nected to another tap 122 therein of slightly lower: -
voltage. The customary cathode biasing resistor
with its bypass condenser C—13, is con-.
nected to the cathode 81, and, in order to provide:
a suitable inverse feed-back in this power ampli-:
fier circuif, the cathode lead from resistor R—21-

- is connected to one side of the secondary of out~ -

30

voltage applied to the grid 62 of tube Vb, plus;.

the two last-named voltages in a negative sense,

their phase being inverted, due: to the. Voltagar
applied to grid 12 of tube V—1, so that the net

voltage appearing across resistor R—{9 is the
- signal voltage alone, the A. V. C. “bump” and dis-
tortion voltages being cancelled out.

In-actual operation, it is an inherent charac-

teristic of the cathode-follower phase-inverter

circuit above-described that when a voltage is
impressed on the grid of one tube the voltage ap-
pearing acrosg the output resistor of that tube is
slightly larger:-than the inverse phase voitage ap-

pearing across the output resistor of the other:

tube:. One reason for this effect is that the effec-

39

40

46

tive cathode to grid voltage applied tc the first -

tube-is slightly greater than that applied {o the.
second  tube because of the feedback action of
the common cathode-follower resistor R—I1. Be-
cause of this circuit characteristic just described,
in order to achieve complete cancellation of the
AV.C “‘bump’ and distortion voltages, the above~
described voltage-divider circuits, formed of the

two resistors R—I13 ‘and R—29, and of the at-

tenuator R—A48, are provided in parallel with the

60

55

plate resistors R—11 and R—12, respectively, of *

tubes V—2 and V—3. This permits the ratio of
the input voltages to tubes V—6 and V—I to be
set by a suitable adjustment of the attenuator

R—48 so that the AV.C. “bump” plus distortion

60

voliage components impressed on the control grid

12 of the tube V—T1 from plate resistor R—I12 of
tube V—3 are slightly greater than the corre-
sponding voltage components impressed on control

grid 62 of the tube V—86 from the plate resistor

R—11 of tube V—2, as above described.

656

The signal voltage, with the A.V.C. “bump” and -
distortion voltage components cancelled out, ap-

pearing ‘across plate resistor R—19 of tube V—-—-G'

is 1mpressed on- the power amplifier stage 110
through a ‘coupling -condenser C—1{2, a record-
ing volume: control pﬂtentlometer R—3T1, and a
relay contact K—3, hereinafter to be described,

on:the control grid 82 'of a beam—power type power "
-5

amplifier ‘tube V—8.

79

put transformer T—2, the other side of the sec- .

ondary being connected to the ground circuit.

‘The high side of the secondary of the output trans-~

former T—2 also is connected through a relay:
contact X—5 (o the recorder element {30, the:

other side of which is connected to the grounded..

side of the secondary of transformer T--2. By.
means of a relay contact X—8, alternate to con--
tact K—5, the output of the power amplifier,
stage 110 from the secondary of transformer T—2.:
can be connecied to the loudspeaker (18.
The recorder element {30 and reproducer ele- .-
ment 132, which may be of any suitable {ype such
as those shown in U. S. Patents No. 2,181,437 to -
Norton or No. 2,318,828 to Yerkovich, of the re-
corder-reproducer mechanism. {16 are mounted
on a mechanical control mechanism, generally in-
dicated at 134, operated by control lever 138, .
whereby either the recorder element or the:re-
producer element may be operatively positioned

With respect to a suitable recording medium such

as the wax cylinder 138. The control lever §36 is
adjustable to three posifions, a “recording” po-
sition in which the recorder (30 is moved . into.
operative position with respect to the record 138, .
a “‘reproducing’’ position in which the reproducer
element 132 is moved into operative position with .
respect to record (38, and a “‘neutral” position in -
which neither the recorder nor reproducer ‘ele--
ments are in operative relationship to the record.
Four contact points 140,:.142, 144 and (46 .are-
associated with the mechanical control mecha- .
nism 134 so that contact is made between points..
140 and (22 when the control lever 136 is in: “re-
cording” position, and hetween contacts 144 and..

148 when the controllever. 136 is in “reproducing”’

position, and in which the circuits between con-
tacts 140 and (42 and between (44 and (486 :are
open when the control lever 136 is in “neutral”
position.  The function of these contacts Wlll he-
hereinafter described,

The power supply 112 is of the conventmnal
full-wave rectifier type comprising a power supply
transformer T—3 connected to an alternating-

- current supply line {150 through a fuse FP—I and.

a double-pole: smgle-throw “off-on” switch S—I1,
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g full-wave rectifier tube V—9 having a cathode
91 and two anodes 92 connected in the usual man-
ner to the transformers T—3 and to a filier sys-
tem comprising a plurality of filtering resistors
R—42, R—43, R—A44, R—A45, a Dbleeder resistor
R—46, and filter condensers C—21, C—23, C—25,
C-——26, and C—28 connected in the usual manner,
providing D. C. operating potentials between &
negative terminal 128 and a plurality of positive
high voltage terminals (20, 122, 124 and {26 con-
nected to the various circuits as above-described.

‘This power supply circuit is of the usual type
except for the provision of a relay coil M—I1 con-
nected in series with the filter resistance R—42
in the positive side of the output of the power
supply between a terminal {19 connected to the

10

cathode 91 of rectifier V—9 and terminal 129, as

shown in the drawings. This relay coil M-I
operates the various contact points k—I through
K—8, above-described, to close contact points
K-—I1, K—3, and K—5 when it is deenergized,
and to close contacts K—2, K—i4, K—6, K—T and
K—8 when it is energized. The filter resistor
R~82 has a resistance approximately equal to
the resistance of relay coil M—I{1. With this ar-
rangement, when the “off-on” switch S—I is
closed and the apparatus is in operative condi-
tion, the plate currents of all of the tubes pass
through resistor R—42 and relay coil M—I. This
relay coil M—I1 and resistor R—42 are connected
to the above-mentioned control contacts 140,
i42, 144 and 146 associated with the recorder-
reproducer mechanical control mechanism {34.

20

20

Terminal 119 of resistor R—A42 is connected to -

contact point 146, terminal 128 of relay coil
M—I is connected to contact 140, and a terminal
{21 ‘between relay coil M—1{ and resistor R—42
is connected to contact points 142 and 144. Thus,
when recording-producing lever 136 is in “re-
cording” position, thus closing the circuit be-
tween contacts 140 and {42, relay coil M—{ is
short circuited and ftherefore deenergized;
whereas, when control lever {36 is in “reproduc-
ing” position, thus closing the circuit between
contacts 144 and 146, resistor R—42 is short cir-
cuited, thus increasing the current through re-
lay coil M—I so that it is fully energized. When
recording-reproducing control lever {36 is in
“neutral” position both relay coil M—{ and re-
sistor R—42 are in series with the plate supply
‘of all the tubes. This introduces a higher than
normal resistance in this circuit and thus de-
creases the plate current to all the tubes, This
arrangement tends to decrease the load on the
tubes when the apparatus is in “neutral” or non-
operating condition and thus tends to. prolong
fube life and reduce servicing requirements.
Summarizing the operation of this control sys~
tem above-described, when the recording-repro-
ducing control lever 1386 is placed in “recording”
position, relay coil M—I is short circuited and
thus deenergized. This connects the A. V. C.
control voltage from rectifier V—5 through re-
sistor R—8 and contact K—I to the grid 32 of
tube V—3. If also connects the recorder volume
control potentiometer R-—31 through contact
K3 to the grid 82 of the power amplifier tube
V—8. Finally, it connects the high side of the
secondary of the output transformer ~T—2
through contact K—5 to the recorder element
130, Simultaneously the recorder element 30 is
positioned in operative relationship to the record
{38. When a signal from the signal source 100
‘is introduced to the input of the apparatus this
gignal is amplified by tubes V—I, V—2, and V—8
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plifier A. V. C. stage 104.

‘corder

10

‘and applied to the recorder element (30. . At the

same time a portion of the signal is amplified and

rectified by circuit 106 into an A: V. C: control

potential which controls the amount of ampli-
fication of the signal by fube V—=2 in the am-
Through the action
of tube V—3 and the ca,thode -follower phases
inverter stage IBB formed of tubes V—6 and
V—1, any “bump’ or distortion voltage caused by
the-operation of the A. V. C. circuit is cancelled
out in the output of tube V-—6, in the manner
above~-described, so that the signal amplified by
tube V—8 and applied to recorder element 130

corresponds to the original signal undistorted by

the operation of the A, V. C.-circuit and by any
A. V. C. “bump.” The average volume of the
signal being recorded is defermined by the set-
ting of the recording volume control R—31.
‘When the recording-reproducing control lever

136 is placed in “reproducing” position, relay coil

M—I1 is energized, thereby opening confacts
K—1, K—3 and K—5 and closing contacts K—2,
K—~4, K—b6, K—T and K—8. This grounds the
control grid 22 of amplifier tube V—2 through
contact K—8 to obviate the possibility of a sig-
nal or other interfering volfage being impressed
upon the grid of this tube during reproduction.
The A. V. C. control voltage from the output of

Tectifier V—5 is rendered inoperative by being

disconnected from the control grid 32 of tube

V—3 by opening of the contact K—1 and by be-
-ing grounded through the closing of conftact K—-1.
At the same time the reproducing element (32 is

connected through contact K—2 to the control
grid 32 of tube V—3, whence it is amplified and
appears across the plate load resistor R—20 of

tube V—1 from which it is fed through the re-
producing volume control R—386 and contact K~—4

to the control grid 82 of power amplifier tube
V—8. It is further amplified by tube V-—8 and
passed through the output transformer T—2 and

contact K—6 to the reproducing loudspeaker

118. As above mentioned, the volume during re-
production is determined by the setting of repro-
ducing volume control R-——36..

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 matter hereinbefore set
forth or shown. in the accompanying drawing is

to be interpreted as 111ustrat1ve only a,nd not in

a limiting sense.
We claim:

1. In sound recordmg and reproducmg ap-
paratus, the combination of, a source of signal
to be recorded, an electronic tube amplifier, re-
means, a record medium, reproducer
means, loudspeaker means, positioning means for

putting said recorder means in operative rela-

tion to said record medium when in one posi-
tion, for putting said reproducer means in oper-
ative relation to said record medium when in
another position, and for moving both said re-
corder and said reproducer means out of oper-
ative relation to said record medium when in a

neutral position, .relay means connecting said
signal source to the input of said amplifier and
connecting the output of said amplifier to said
‘recorder means during recording when in one
‘position, and connecting said reproducer means
to the input: of said amplifier and connecting

the output of said amplifier to said loudspeaker

‘means when in an alternate position during re-
‘producing, biasing means for holding said relay

76 means in one position, solenmd means for mov- |
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ing :sald relay means to - its alternate -position
‘when energized, a power supply for -energizing
sald :amplifier, said solenoid and an impedance
of approximately equal value connected in series

in 'one:supply line from Ssaid power supply to .

sald- amplifier, switch means for short-circuit-
g said solenoid in response to movement of said

positioning means to one:position, for short-cir-:

cuiting said impedance in response o movement
of sald positioning means to its other position,

and for leaving. both said solencid and said re-

sistor 'in said power -supply’ circuit. when ' said
positioning means 1is in. its neutral position,
whereby the power stipplied to said amplifier is
reduced during standby periods when the ap-
paratus. is'neither recording nor reproducing.

2. "Sound recording and reproducing equip-
ment, comprising, 'in combination, a record
'medmm ‘a -source of signal to be: recorded, a re-
‘corder element,: a reproducer -element, a loud-
speaker: element, an electronic tube A. V.. C. am-
.pllﬁer mcludmg circuit means for producmg a
D CA V. C. potentlal which is a funection of
the:sighal to be recorded, first and second iam-
plifier ‘stages each inéludmg a- remote cut-off
pentode tube, means applying said A. V. C. po-
tential to both of ‘said: -pentode amplifier ‘stages,
two:ivacuum ‘tubes connected in. a -cathode-fol-
lower phase-inverter circuit,
the'output of said first amplifier stage to the in-
put ‘of ‘'one of said phase-inverter tubes, means
connecting: the ‘output of said second amplifier
stage to. the" nput of the other of said phase-
inverter tubes, ‘and: smtchmg means respt}nswe
to.rthe positioning ‘of said recorder ‘element in
operative relationship:to said record medium for
connecting ‘said signal source to . said first am-
plifier stage and:for -connecting the output. of

one:of said phase-inverter tubes to:said recorder

unit, and -responsive -to the “positioning of said
reproducer in operative relationship tosaid rec-
crd'medium forapplying the signal from said re-
producer ‘element to the input of said: second 8,101 ~
plifier stage, for rendering said: A, V. 'C  po-
tential means inoperative :and. for applying the
output of said-other: phase—mverter tube 1o sald
loudspeaker element, = |

- 3. "Sound recording and reproducing -equip-
ment ‘eomprising, in ‘combination, a’ record me-
dium, a.source of signalito be recorded, a recorder
element;:a -reproducer element, a:loudspeaker ele~
ment, an electronic tube A. V. C. gmplifier includ-
ing circuit means for producing g DoC.'A. V! C.
potential :'which is :a funection ‘of the signhal

to:be recorded, first and:second amplifier stages

each: including:ia remote: cut~off  pentode tube,
‘meahs applying said A. V. C. potential to both of
said pentode amplifier stages, two vacuum tubes
connected ‘In. cathode-follower 'phase-inverter
circuit, ‘means .connecting  the- output of said

first -amplifier stage to the input of one of said

phase-inverter -tubes, means connecting the out-

put :of said-second amplifier-stage to the input

of:the other of said phase-inverter tubes, switch-
ing' means responsive to the positioning of szaid
Tecorder: element in operative relationship to
‘sald record medium for connecting: said signal
~source fo said. first amplifier-stageiand for con-
necting .the output of one-of said phase~-inverter

tubes: to - said- recorder unit, and responsive to

the -positioning of "said:reproducer in- operative
relationship to said record medium for applyving
the 'signal from said reproducer:element to the
input-of said ‘second amplifier stage, for render-
ing:=s2id ‘A, V.. C.:potential means inoperative

means connecting’

10

15
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‘dnd for applying the ‘cutput of said other phasé-

inverter tube to said loudspeaker element, first

voiume control means in the output circuit of said
first-phase-inverter tube, and second volume con-

trol means in the output circuif of said second
phase-inverter tube, whereby the amount of am-

plification used when recording and when repro-
ducing may. be set independently. at . dlfferent

levels without interaction therebetween.
4. Sound recording and reproducing - equip-

‘ment, comprising, in combination, a record me-
dium, a source of signal to be recorded, a re-
corder element, a reproducer element, a loud-

speaker element, an electronic tube A. V. C. am-

plifier including circuit means for producing &

D. C. A, V, C. potentia]l which is a function :of

- the signal to be recorded, a first amplifier stage

20

20

30

35

40

45

ineluding a first variable-mu vacuum tube, a sec-

ond amplifier stage including a second variable-
mu vacuum tube, the cathode of said second tube
being connected to that of said first tibe -and

1o a'coramon ground circuif, means for applying

said A. V. C. potential to the: control grids of

both of said tubes-to supply an :operating bias

thereto, third and fourth vacuum fubes each
having a cathode, anode, and control grid; means
for coupling the plate of said first tube to the
control grid of said third tube, maans for cou-

Ppling the plate of ‘said second ‘tube toc the con-

trol grid of said fourth tube, means connecting
the cathodes of said third and fourth tubes to-
gether and to said grounad circuit throueh s com-
mon -resistor forming part of the anode load of

said tubes,: biasing means for supplying a bias
potential between the cathodes and the control

grids of said third and fourth tubes, two plate
resistors each. connected to the anode of one of
said third and fourth tubes and-each forming the
remaining porticn of the anode load of iis re-
spective- tube, ‘means connecting: said two last-

named plate- resistors together and through :a
source of-positive anode potential to said ground

circuit, and:switching means responsive to the
positioning of said recorder element in operative
relationship to said record medium for connect-
ing -said signal source to .the -grid of said fArst
amplifier tube and for connecting the output of

- saidithird or fourth tubes to-said recorder ele-
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ment, and responsive to the positioning of said

Teproducer element:in:operative -relationship to
sald record medium for applying the signal from

said reproducer -element to: the grid of:said sec-

ond amplifier tube, for -rend'ering. ‘said A, V. C.
potential means inoperative, and ‘for applying
the- output of: the- éther:of szid third or faurth

tubes: to-said loudspeaker element,

J. Sound - ‘recording ' gnd - repmducmg equrp-
-ment comprising, in-combination, a. record: me-
dium, a source of signal to be recorded, a: re-
torder- element, a Teproducer: element, a loud-

speaker‘element, an electronic tube A; V: C.ati-~

pllﬁer 1nclud1ng ‘circuit means:for producing a

D. C. A"V, C. potential'which is-a function: 6f the
5 3:'s1gna,1 to: be’ recerded a ﬁrst a,mphﬁer Stage in-
cluding & fir'st var 1a,b1e-mu vacuum tube & second
amplzﬁer sta,ge mcludmg a second varlable miu

"Va.c:uum mbe the cathode of sa,ld second tube

bemg cannected to that of said’ ﬁrst tube a,nd to

a common ground clrcult means. for applmng
_'sald A V. ¢ potentla,l to the control grlds of
both of said tubes.to-supply an. operating:-bias
thereto;.third and fourth vacuum tubes each hav-
-ing a. cathede a,node and control grid,. -1eans

for coupling the plate of said firstitube-to. the con-
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trol grid of said third tube, means for coupling
the plate of said second tube to the control grid
of said fourth tube, means connecting the cath-
odes of said third and fourth tubes together and
{o said ground circuit through a common resistor
forming part of the anode load of said tubes,
biasing means for supplying ‘a bias potential be-
‘tween the cathodes and the control grids of said
third and fourth tubes, two plate resistors each
connected to the anode of one of said third and
fourth tubes and each forming the remaining
portion of the anode load of its respective tube,
means connecting said two last-named plate re-
sistors together and through a source of positive
anode potential to said ground circuit, and
switching means responsive to the positioning
of said recorder element in operative relation-
ship to said record medium for connectine said
signal source to the grid of said first amplifier
tube and for connecting the output of said third
or fourth tubes to said recorder unif, and re-
sponsive to the positioning of said reproducer
in operative relationship to said record medium
for applying the signal from said reproducer
element to the grid of said second amplifier
tube, for connecting said A. V. C. potential pro-
“ducing means to said common ground circuit,
and for applying the output of the other of said
~third or fourth tubes to said loudspeaker ele-
ment. |

6. Sound recording and reproducing equip-
ment, comprising, in combination, a record me-
dium, a source of signal to be recorded, a re-
corder element, a reproducer element, a loud-
speaker element, an electronic tube A, V. C. am-~
plifier including circuit means for producing a
D, C. A V., C. potential which is a function of
the signal to be recorded, a first amplifier stage
including a first variable-mu vacuum tube, 3
second amplifier stage including a second vari-
able-mu vacuum tube, the cathode of said sec-
ond tube being connected to that of said first
tube and to a common ground circuit, means for
applying said A. V. C. potential to the control
grids of both of said tubes to supply an operat-
ing bias thereto, third and fourth vacuum tubes
each having a cathode, anode, and control grid,
means for coupling the plate of said first tube to
‘the control grid of said third tube, means for
coupling the plate of said second tube to the
confrol grid cof said fourth tube, means connect-
ing the cathodes of said third and fourth tubes
together and to said ground circuit through a
common resistor forming part of the anode load
of said tubes, biasing means for supplyving a bias
potential between the cathodes and the control
grids of said third and fourth tubes, two plate
resistors each connected to the anode of one of
sald third and fourth tubes and each forming
the remaining portion of the anode load of its
respective tube, means connecting said two last-
named plate resistors together and through a
source of positive anode potential to said ground
circuit, and switching means responsive to the
positioning of said recorder element in operative
relationship to said record medium for connect-
ing said signal source to the grid of said first
amplifier tube and for connecting the output of
said third or fourth tubes to said recorder unit,
and responsive to the positioning of said repro-
ducer in operative relationship to said record
medium for applying the signal from said repro-
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ducer element to the grid of said second amplifier

tube, for connecting said A. V. C. potential pro-
ducing means and the grid circuit of said first

75

of said fourth

14

tube to0: said common ~ground. cireuil,; ahd for

applying the output of the other .of said third

~or fourth tubes to said loudspeaker element.
1. In sound recording and reproducing equip-

ment having a record medium, a source of sighal
to be recorded, a recorder element,; a reproducer

element,. and a Iloudspeaker .element; the com-

bination with said elements of an electronic tube
A. V., C, amplifier including circuit means for pro- -
ducing a D, C. :A. V. C. potential which is a
function of the signal to be recorded comprising
first and second amplifier stages each including

& variable-gain tube; means applying said A. V. C,

potential to both of said amplifier stages: two
vacuum tubes connected in a cathode~follower
phase-inverter circuit; means connecting the
output of said first amplifier stage to the input
of one of said phase-inverter tubes: means con-
necting the output of said second amplifier stage
to the input of the other of said phase-inverter
tubes; and connection means associated with the
input circuits of said amplifier stages, the output
circuits of said phase-inverter circuits, and said
A. V, C. potential means, and adapted to be con-
nected to g circuit switching means; whereby
the sighal source may be connected to the input
of said first amplifier stage and the output of
one of said phase-inverter tubes may be connected
to the recorder unit by operation of the switch-
Ing means in response to the positioning of the

Trecorder element in operative relationship to the

record medium, and a signal from the reproducer
celement may be connected to the input of said
second amplifier stage, the output of said other
phase-inverter stage may be connected to the
loudspeaker element, and said A, V. C. potential
means may be rendered inoperative by operation
of the switching means in response to the posi-
tioning of the reproducer in operative relation-
ship to said record medium.

8. For use in sound recording and reproduc-
ing equipment having a record medium, a source
of signal to be recorded, a recorder element, a
reproducer element, and a loudspeaker element:
In combination, an electronic tube A, V. C. ampli-
fier including circuit means for producing a D. C.
A. V. C. potential which is a function of the signal
to be recorded; first and second variable-gain

stages; the cathode circuits of said stages being

connected together to a common ground circuit:
means for applying said A. V. C. potential to
sald stages to supply an operating gain control
bias thereto; third and fourth vacuum tubes
each having a cathode, anode, and control grid:
means for coupling the plate circuit of said first
amplifier stage to the control grid of said third
tube; means for coupling the plate circuit of
sald second amplifier stage to the control grid
tube; means connecting the
cathodes of said third and fourth tubes together
and to said ground circuit through a common
resistor forming part of the anode load of said
tubes; biasing means for supplying a bias poten-
tial between the cathodes and the control grids
of said third and fourth tubes: a resistor in the
anode circuit of each of said third and fourth
tubes forming the remaining portions of the
anode loads of said tubes; means connecting said
last-named resistors together through a source of
positive anode potential to said ground circuit;.
and switching means responsive to the position-
ing of a recorder element in operative relation-
ship to a record medium for connecting a signal
source to the input of said first amplifier stage
and for connecting the output of said third or
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;fourth: tubes -to a: recerder element, and respon- B REFERENCES CITED

‘sive to:the positioning of a reproducer element

in.operative relationship.to.a record medium for = The following: references are. of recard «in the
-applying the signal from said reproducer element file .of this: patent:

-to:the: input:.of :said- second- a.mpllﬂer stage, for .5 - UNITED STATES P ATENTS
-rendering said ‘A, V., C. potential means inopera- ' |
tive, and for applying: the output of said third.or Number Name Date
:faurth tubes to a-loudspeaker -element. 2318624 Peity ... May 11, 1943
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