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This invention relates to signal-amplifier stages
and, while it is of general application, it is par-
ticularly adapted to the conversion of the output
from an unbalanced audio-frequency amplifier
of a radio-broadecast receiver to a balanced signal
for application to a sound reproducer: :

Tt is frequently desirable in radio-broadcast re-
ceivers to utilize push-pull or balanced audio-
frequency output. stages for driving the sound
reproducer in order to procure a maximum undis-
torted sound output. However, such receivers
_generally include a single tube unbalanced audio-
frequency amplifier so that it becomes necessary
to provide some means for converting the un-
balanced signal output of the amplifier to a bal-.
anced signal for application to the grids of the
push-pull output tubes. The simplest arrange-
ment and that first proposed is a coupling trans-
former with a mid-tapped secondary. winding.
This arrangement has the disadvantage of rela-
tively high cost and a non-uniform- frequency-
response characteristic. _

A second proposal is the use of an auxiliary
phase-inverter tube to develop excitation for one
of the output tubes. While this arrangement is
satisfactory in performance, it is expensive, in-
volving an extra tube, an extra socket, additional
circuit elements, etc., with no increase in the
overall gain of the system. It has further been
proposed to excite the grid of one of the push-pull
tubes from a tap on the output - transformer.
While this arrangement involves a minimum of
expense, the performance is not entirely satis-
factory in several respects. In the first place, due
to the variation of the magnitude and the phase
angle of the primary impedance of the output
transformer, including the reflected impedance
of the sound reproducer over the audio-frequency
range, the phase and magnitude of the inverted
signal applied to the second tube varies consider-
ably over the audio-frequency range, resulting in
unbalance of the system and signal distortion.
Additionally, in such an arrangement there is
appreciable regeneration due to coupling between
the grid of the second tube and the anode circuit
of the first tube and coupling between the anode
circuits of the two tubes, so that the design of
the circuit to avoid oscillation becomes critical.
These disadvantages are accentuated in case the
output tubes are of the triode or low-impedance
type. .

Tt is an object of the invention, therefore, to
provide a new and improved signal-amplifier
stage for providing a balanced audio-frequency
output signal from an unbalanced gudio-fre-
quency amplifier and one which obviates one or
more of the above-mentioned disadvantages of

. the arrangements of the prior art. :
1t is another object of the invention to provide:
. @' new and improved signal-amplifier stage for
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providing an audio-frequency output signal from
an unbalanced audio-frequency amplifier which
involves a minimum of additional circuit ele-
ments, and therefore a minimum cost, and yet
provides a balanced and undistorted signal out-
put over the audio-frequency range for which
the stage is designed.

Tn accordance with the invention, a signal-
amplifier stage comprises a pair of constant-high-
impedance type vacuum tubes each having input
electrodes and an associated input circuit and
output electrodes and an assoclated output cir-
cuit. 'The stage also includes an output trans-
former including a pair of primary windings, the
output cirenits being connected with the windings
to form a balanced output circuit. There are
provided means for applying to the input circuit
of one of the vacuum tubes a signal to be am-
plified, a resistance element in the output circuit
of such one of the vacuum tubes and means for
applying to the input circuit of the other of the
tubes a signal derived from the resistance ele-
ment. By the term “constant-high-impedance
type” vacuum tube is meant a tube having a suh-
stantially constant impedance over the normal
range of signal-input voltages and one which is
at least several times the impedance of a simple
triode vacuum tube. Well-known examples of
tubes of this type are the several pentode fypes
of vacuum tubes and the type 6L6 beam power
tubes. .

For a better understanding of the invention,
together with other and further obijects thereof,
reference is had to the following description taken
in connection with the accompenying drawings
while its scope will be pointed out in the appended
claims.

Referring now to the drawing, the single figure
is a circuit diagram, partly schematic, of a com-
plete superheterodyne radio-broadcast receiver
embodying a signal-amplifier stage of the in-
vention.

Referring now more particularly to Fig. 1, there
is represented schematically a complete carrier-
45 signal receiver of a conventional design embody-

ing the present invention in a preferred form. In

general, the receiver includes a radio-frequency
amplifier 19 having its input circuit connected to
an antenna system {1, 12 and having its output
§0 circuit connected to an oscillator-modulator i3.

Connected in cascade with the oscillator-modu-

lator 13, in the order named, are an intermediate-

frequency amplifier {4 of one or more stages, a

detector and automatic volume control supply {5,
§5 an audio-frequency amplifier {6 of one or more

stages, an audio-frequency signal-amplifier stage

{1, more fully described hereinafter, and a sound
reproducer 18. An automatic amplification con-
trol or A. V. C. circuit is connected between the
60 gutomatic volume control supply unit 15 and the
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inpu$ cireunits of one or more of the tubes of the
radio-frequency amplifier {0, the oscillator-
modulator 13, and the intermediate-frequency
amplifier {4 in conventional manner. .
It will be understood that the various units just
described may, with the exception of the signal-
amplifier stage {7, be of a conventional construc-

tion and operation, the details of which are well”
known in the art, rendering detailed description’

thereof unnecessary. Considering briefly. the op-

eration of the receiver as a whole, and neglecting .

for the moment the operation of the signal am-

plifier {7, presently to be described, a -desired’

carrier signal is selected and amplified by the
radio-frequency amplifier.10, converted to an in-
termediate-frequency carrier signal in the oscil-
lator-modulator {3, amplified in the intermedi-
ate~-frequency amplifier $4, and detected by the
detector of unit {5, thereby to derive the audio-
frequency modulation components comprising
the audio signal. The audio-frequency signal is,
in turn, amplified in the audio-frequency ampli-
fier {8, further amplified in the-audio-frequency
amplifier stage {7 and is reproduced by the sound
reproducer (8 in a conventional manner.

The autcmatic amplification control or A. V. C.

bias derived from the A. V. C. supply unit {5 is"

effective to control the amplification of one or
more of the units 19, 3 and {4 in acecordance with
the amplitude of the received carrier signal to
maintain the carrier-signal input to the detector
of unit {5 within a relatively narrow range for a
wide range of received signal intensities.
Referring now more particularly to the audio-
frequency amplifier stage {7 embodying the pres-
ent invention, this unit includes a pair of vacuum
tubes {9, 28 having input electrodes comprising
control grids 21, 22 and cathodes 23, 24, respec-
tively, and having output electrodes comprising
anodes 25 and 2%, respectively. The tubes 19 and
29 are of the constant-high-impedance type such
as the well-known pentode type of vacuum tube.
The unit also includes an output transformer 27
including a pair of primary windings 28 and 29,
the output electrodes of the tubes 19 and 20 being
connected with the windings 28 and 29, respec-
tively, and a source of space current 4B in a con-
ventional manner to form s balanced outvut cir-
cuit. The transformer 27 is also provided with a
secondary winding 30 connected to the sound re-
producer (8. The transformer 27 is so designed
that, when connected to the sound reproducer 8

for operation, the primary impedance of each of

the windinzs 28 and 29 is only a small fraction of
the anode-cathode impedances of the tubes 9
and 20. The screen electrodes of the tubes 19
and 26 are connected to the source B, while the
suppresser grids of the tuhes {9 and 29 are con-
nected directly to their respective cathodes in a
conventional manner. :

4
nected between the high signal-potential ter-
minal of the resistor 34 and the signal-input grid
22 of the tube 20. Across the primary windings 28
and 28 are connected condensers 36 and 37, re-
spectively, proportioned broadly to tune the pri-
mary windings to approximately the midpoint of

. the audio-frequency range to be translated,

10

thereby to limit the rise in impedanece of the out-
put circuit over the high-frequency portion of the
audio-frequency range. It will be understood that
the source +B.includes suitable filtering elements
for returning the audio-frequency components to

- ground, such as g filter condenser 38. The source

15

+B is also connected to supply space current to
the audio-frequency amplifier 16 through a load
resistor 41. A suitable grid bias is applied to the
signal-input grids 21 and 22 of the tubes 19 and
20, respectively, from a source —C through grid-
leak resistors 39 ‘and 40, respectively.
‘Considering now the operation of the signal-

" amplifier stage 17 described, the signal applied to"

25

- rent.
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the input circuit of vacuum tube 19 is repeated
by this tube in'a conventional manner to develop
in its output circuit including the primary wind-
ing 28 and the resistor 34 an amplified signal cur-
The signal voltage developed across the
resistor 34 by this current is in phase opposition
to the signal voltage applied to the grid 21 so
that it is of the proper phase to apply to the grid
22 of the tube 20. The condenser 35 serves to

- apply this signal voltage to the grid 22 so that the
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The amplifier stage {7 includes means for ap- -

plying to the input circuit of one of the tubes a-

signal to be amplified, this means comprising a
coupling condenser 23 connected between the
output circuit of the audio-frequency amplifier {6

and the siznsl-input grid 21 of the vacuum tube:

19. A resistance element 34 is included in' the

cutput circuit of the tube {8 in series with the
source of anode current --B but outside of the

output circuit of the vacuum tube 28. The unit {1
also includes means for applying to the input eir-
cuit of the other of the tubes a'signal derived from
the resistance element 34, preferably the signal

developed thereacross. This means comprises a-

circuit ‘including a blocking condeénser 85 con-

70

75

vacuum tube 20 develops in its output circuit in-
cluding the primary winding 29 a signal output of
a phase reverse to that developed in the winding
28. The polarity of connections of the windings
28 and 29 are such that they have a cumulative
effect in developing ‘a signal output in the sec-
ondary winding 30 in a manner well understood
in the-art.

Due to the fact that the vacuum tubes 19 and’
20 are of the constant-high-impedance pentode
type having impedances many times as great as
the primary impedance of the transformer 21
when connected to the sound reproducer {8 for
operation, the output currents of these tubes are
almost exactly in phase with their applied signal
voltages so that the signal voltage developed
across the resistor 34 is also almost exactly in
phase opposition with the signal applied to the
grid 21 of the tube 19. By giving to the resist-
ance element 84 a value approximately equal to’
the reciprocal of the mutual conductance of the
tube 19, the signal voltage developed thereacross
will also be substantially equal in amplitude to the
signal applied to the grid 21 so that the tubes 19
and 20 will develop balanced signal outputs and
the output circuit ‘as a-whole will be accurately
balanced. o

Since the impedances of the tubes {9 and 20
are many times the impedance of the output cir-
cuits including the windings of the transformer
21, substantial variations in the external imped-~
ance of the tube circuits, including the imped-
ance reflected from the sound reproducsr I8,
over the audio-freduency range result in inap-
preciable variations inthe phase or magnitude of
the output currents of the tubes 19 and 20,
Therefore, there is a minimum of unbalance and
distortion developed by the system due to varia-
tions in°magnitide ‘and phase angle of the pri-
mary impedance of the transformer 27 over the
audio-frequency range. In addition, since there
is no substdntial variation in the current in the
output circuit of the tube 19 including the re-
sistor -34 ‘due to voltages induced therein by the
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primary winding 29, there is no appreciable re-
generative coupling between the anode and grid
circuits of the tube 20 so that there is no tend-
ency of the stage to oscillate.

The signal-amplifier stage of the invention also
has the characteristic of greatly reducing or elim-
inating in the output circuit hum voltages intro-
duced from the power supply circuit. For ex-
ample, assuming that a 120-cycle hum voltage ess
appears across the filter condenser 88, the portion
of such voltage applied to the grid of the tube {9
may be represented by the expression:

RuRp
R30+ Rp__
R39R1J
Rutp.TE,

Since the hum voltage on the grid of the tube
20 is the algebraic sum of that across the resistor
34 and that across the condenser 38 and since that
aeross the resistor 34 is equal and opposite to
eg19, as explained above for signal voltages, the
circuit constants of the amplifier stage may be
proportioned in accordance with the above equa~
tion to make eg1s one-half of the hum voltage ess
so that the hum voltage applied to the grid of the
tube 20 is also one-half of the hum voltage and of
the same phase. As a result, the hum voltages in
the output circuits of the tubes 18 and 20 bal-
ance out in transformer 27 and are suppressed
from the voice-coil circuit of the sound reproducer
8. Such suppression is, of course, independent
of any residual hum in the voice-coil circuit
due to an imperfectly compensated sound repro-
ducer.

While it will be understood that the signal-
amplifier stage of the invention may incorporate
a, wide range of circuit designs, there follows the
values of the principal circuit elements of a par-
ticular signal-amplifier stage embodying the in-
vention which provided satisfactory operation:

Tubes {9 and 20: Type 6K6

Anode-cathode resistance: 68,000 ohms

Mutual conductance: 2,300 micromhos

Impedance of each of windings 28 and 29, loaded:
Approx. 12,000 ohms

Resistance 34: 470 ohms

Condensers 36, 37: 0.003 microfarad

Coupling condensers 33, 35: 0.05 microfarad

Resistors 39, 40: 0.5 megohm

Resistor 41: 0.22 megohm

While there has been described what is ab
present considered to be the preferred embodi-
ment of the invention, it will be apparent to those
gkilled in the art that various changes and mod-
ifications may be made therein without depart-
ing from the spirit or scope of the invention.

What is claimed as new is:

1. A signal-amplifier stage comprising, a pair
of constant-high-impedance vacuum tubes of the
pentode type each having a cathode, a plate, a
control grid, a screen grid and a suppressor elec-
trode, said suppressor electrode being connected
to said cathode, a source of potential, means for
applying said source of potential between said
cathodes and said screen grids of said tubes, a
balanced output circuit including a transformer
having a pair of primary windings and a resistance
element, the impedances of said primary wind-
ings being small compared to the plate-cathode
impedances of said tubes, one of said primary
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windings being connected in series with said re-
sistance element and said source of potential be-
tween said cathode and said plate of one of said
tubes, the other of said primary windings being
connected in series with said source of potential
between said cathode and said plate of the other
of said tubes, coupling means for applying a sig-
nal to be amplified between said cathode and said
control grid of said one vacuum tube, said one
vacuum tube providing an output across said
one primary winding and said resistance element
which varies linearly with the signal applied to
said one vacuum tube, and coupling means for
applying the signal developed across said resist-
ance element between said cathode and said con-
trol grid of said other of said tubes.

2. A signal-amplifier stage in accordance with
claim 1 in which said resistance element and said
coupling means provide hum components of the
signals produced in said output circuit by said
tubes which are substantially the same and are
balanced out in said output circuit.

3. A signal-amplifier stage comprising, a pair
of constant-high-impedance vacuum tubes each
having a cathode, an anode, a control grid, a
screen grid and an electrode positioned adjacent
said anode which is electrically connected to said
cathode, a source of potential, means for apply-
ing said source of potential between said cathodes
and said screen grids of said tubes, a balanced
output circuit including a transformer having a
pair of primary windings and a resistance ele-
ment, the impedances of said primary windings
being small compared to the anode-cathode im-
pedances of said tubes, one of said primary wind-
ings being connected in series with said resist-
ance element and said source of potential be-
tween said cathode and said anode of one of said
tubes, the other of said primary windings being
connected in series with said source of potential
between said cathode and said anode of the other
of said tubes, coupling means for applying a sig-
nal to be amplified between said cathode and said
control grid of said one vacuum tube, said one
vacuum tube providing an output across said one
primary winding and said resistance element
which varies linearly with the signal applied to
said one vacuum tube, the value of said resistance
element being substantially equal to the recipro-
cal of the mutual conductance of said one tube
so that the signal developed thereacross is sub-
stantially the same as the signal to be amplified,
and coupling means for applying the signal de-
veloped across said resistance element between
said cathode and said control grid of said other of
said tubes.

GUS W. WALLIN.
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