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. . . 
My invention relates to push-pull amplifier Sys 

tems and, more particularly, to such Systems as 
may be driven by a single-ended Source. It is a 
primary object of my invention to provide im 
proved means for obtaining push-pull output 
from a single-ended Source. 
As it is well known in the art, it is desirable 

for high fidelity sound output to employ a push 
pull out-put amplifier. In such Systems as haWe 
been used in the past to obtain push-pull Output 
from a single-ended source, the output capabil 
ities of the push-pull amplifier have not been 
utilized to full advantage, since a series resist 
ance has customarily been employed in the anode 
output circuit of one of the pair of output tubes 
in order to obtain a driving voltage of suitable 
phase for the control grid of the second output 
tube. Furthermore, some of the prior systems 
proposed have an inherent tendency toward self 
OScillation due to regeneration. In addition, Some 
of these systems are characterized by a certain 
amount of undesirable hum Which appears at 
the loud Speaker. 

It is a particular object of my invention to pro 
Wide a push-pull amplifier circuit which obtains 
improved output. 
Another object of my invention is to provide 

Such a System which is free of any tendency 
toward self-oscillation between the push-pull 
tubes as is sometimes encountered because of 
the similarity of the circuits to the Hartley os 
Cillator. 
Another object of my invention is to provide 

Such an amplifier in Which undesirable hum is 
Substantially eliminated from the output. 
A further object of my invention is to provide 

a push-pull amplifier, driven by a single-ended 
Source, which employs a transformer in the anode 
circuit of the first-tube to supply grid excitation 
for the second tube, thereby effecting an economy 
of parts. . . . 

The features of my invention which I believe to 
be novel are set forth with particularity in the 
appended claims. My invention itself, however, 
together with further objects and advantages 
thereof, may best be understood by reference 
to the following description taken in connection 
with the accompanying drawing, in which Fig. 1 
is a schematic circuit diagram of a push-pull 
amplifier system which suitably embodies my in 
Wention, and Fig. 2 is a schematic diagram of 
another modification. Like numerals indicate 
like elements in the two figures. 

Referring to Fig. 1, an electron discharge de 
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Vice f having cathode, anode, and control elec 
trodes 2, 3, 4, respectively, serves as a single 
ended audio amplifier. Audio-frequency signal 
Voltage is applied to the control electrode 4 of 
device f from a suitable source 5, which may com 
prise the second detector of a Superheterodyne 
receiver. The customary cathode bias resistor 6 
and by-pass condenser 7 are provided between the 
Cathode 2 of device and the low potential side 
of the audio-frequency source 5, which is shown 
Connected to ground. Positive direct operating 
Voltage is applied to the anode 3 of device i from 
a suitable source, here shown as a battery 8, 
through the customary anode load resistance 9. 
The amplified audio-frequency output appearing 
across the load resistance 9 is coupled to the con 
trol electrode 0 of device , which is one of a 
pair of electron discharge devices , 2 by means 
of the customary coupling capacitance i3 and 
grid leak resistance 4. Devices , 2 are con 
nected in push-pull, the cathodes 5, 6 being 
directly connected together and thence to ground 
through a common cathode bias resistance 7 and 
by-pass condenser 8. The screen grids 9, 20 
of devices f, 2 are directly connected together, 
positive direct Screen operating voltages being 
Supplied from a suitable source, here shown as a 
battery 2. 
I provide an anode output circuit, comprising 

the parallel combination of the primary winding 
22 of a conventional output transformer 23 and a 
capacitance 24, connected in series between the 
anodes. 25, 26 of devices il, 2 respectively. Also 
included in the anode circuit of device is the 
primary winding 27 of an auxiliary transformer 
28, shunted by a resistance 29. Suitable positive 
unidirectional operating potentials are supplied 
to the respective anodes 25, 26 from battery 2 
through a tap 30 on the primary winding 22 of 
output transformer 23. The secondary winding 
3f of output transformer 23 is connected to a 
Suitable load, here shown as a loudspeaker 32. 
In order to obtain true push-pull operation, the 
Secondary Winding 33 of auxiliary transformer 28, 
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being isolated from the primary winding 27 by 
an electrostatic shield 34, is connected between 
the control electrode 35 of device 2 and ground. 

In operation, signals emanating from the audio 
frequency source 5 are applied to the control grid 
4 of device , and the amplified output is im 
pressed on the control electrode iO of device 
in a manner Well known in the art. The result 
ing variations in the anode current of device 
Set up audio voltages across resistance 29 which 
are 180-degrees out of phase with the grid voltage. 
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A corresponding audio voltage is induced across 
secondary winding 33 of auxiliary transformer 
28 and applied to the control grid 35 of device 
2. Since the respective control grid voltages 

of devices , f2 are always opposite in phase, 
the varying anode currents of devices , 2 com 
bine in the primary winding 22 of the output 
transformer 23 to produce additive effects on 
the load current in push-pull fashion. The elec 
trostatic shield 34 between the Windings of the 
auxiliary transformer 28 is necessitated by the 
high audio-frequency potential difference be-, 
tween the windings. 

It will be seen that the: use of an auxiliary 
transformer to supply grid excitation voltage for 
the second tube eliminates the necessity of the 
customary coupling condense and grid leak re; 
sistor. A further economy of parts is effected 
by using an output transformer 23 having a single 
tapped primary winding shunted by a single con- ; 
denser, instead of employing a circuit which 
usestWo primary windings, eachshunted by a con 
denser. Furthermore, the use of a separate phase 
inverter tube is avoided: 
A further advantage of the circuit of Fig. 1 is 

that any hunn voltage appearing across the source 
of the direct. operating potential: is isolated from 
the control grid of the second tube, by the auxil 
ially transformer: A still further advantage over 
a. System utilizing a resistance, in series, with one 
half of the primary Winding: of the output, trains 
former results from the low direct voltage; drop 
in the primary Winding of the auxiliary trans 
former. This provides...an, increased output from 
a given; anode, Voltage supply. Furthermore, the 
System is inherently stable, there being very little 
tendency toward self-oscillation, 

Referring to Fig. 2, a further modification is 
shown in which the auxiliary transformer is con 
nected in the low potential side of the anode 
cathode circuit. In this application, the parallel 
combination, COImprising resistance, 29 and the 
primary winding. 2 of the: auxiliary transformer 
28. is connected, between the cathode 5 of de 
vice: , , and the cathode bias, resistance. 7, and 
by-pass, condenser 8. In all other respects, the 
circuits of Fig. 1. and, Fig.2 are identical. By, SO, 
locating the auxiliary transformer, the necessity, 
of, an electroStatic shield between the: Windings 
thereof is, eliminated, since: the primary, 27. is no. 
longer at a high audio-frequency potential With 
respect to the secondary. 33. This arrangement 
also permits the use of, a step-up transformer, 
thus, by proper design, the grid excitation, volt 
age for device 2 may be made substantially the 
same in magnitude as that...for device. If, and at 
the same time the impedance of the primary 27 
may be made low so as to avoid serious degenera 
tion in device f . The use of step-up transformer. 
also permits, the value of resistance 29 to be 60 
decreased, thus providing a still" further increase. 
in the net audio-frequency output appearing at 
the loudspeaker 32 for a given excitation voltage 
at source 5. The magnitude of the grid excita 
tion voltage applied to device f2 may be con- 65 
trolled by suitably adjusting the value of resist 
ance 29. 
While I have shown and described certain pres 

ent preferred embodiments of my invention, it 
will be, understood that numerous variations and 70 
modifications may be made, and I contemplate 
in the appended claims to cover any such vari 
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ations and modifications as fall within the true 
spirit and Scope of my invention. 
What I claim as new and desire to secure by 

Letters Patent of the United States is: 
1. In combination with a single-ended source 

of signal voltage, an electronic amplifier system 
comprising a pair of electron discharge devices 
connected in push-pull, said devices having re 
speetive anodes, and control electrodes, said 
source being connected to the control electrode 
of one of said devices, means comprising a first 
transformer for coupling the output of said sys 
ten to a useful load, a second transformer hav 
ing a primary winding connected in the anode 
cathode circuit of said one device and having a 
resistance in parallel therewith, and the second 
aly, Winding of said Second transformer being 
connected between the control electrode of the 
other of said devices and ground, and means for 
applying substantially equal positive unidirec 
tionals operating potentials to said anodes: 

2. In combination. With a single-ended source 
of Signal: Voltage; an electronic amplifier system. 
comprising: a pair of electron discharge devices 
Connected in push-pull, said devices, having, Ice 
Spective anodes and control, electrodes, said 
Source: being coranected to the: control electrode of 
One of said devices, a push-pull output, circuit for 
said devices. Congrising a transformer having. a 
primary Winding and a secondary Winding, said 
primary, Wiadiag, beings, connected in: Series with 
the: anode: of said, one device, said secondary 
Winding being connected between the control elec 
trode of the other of said devices, and the low. po 
tential; sides of Said source, a, resistance, connected 
in parallel. With Saidprimary, winding, and means 
for applying, Substantially equal positive direct 
operating potentials, to, said anodes. 
3. In combination. With. a. single-ended source 

of Signal voltage; an electronic amplifier system 
comprising. a pair of electron discharge. devices 
connected in push-pull, said devices having re 
Spective cathodes, anodes, and control, electrodes, 
Said. Source being connected to the control elec 
trode of one of Said devices, an output circuit 
connected between said anodes, means compris. 
ing a transformer. having primary and secondary 
windingS. for applying signal voltage to the con 
trol electrode of the other of said devices in 
proper" phase for push-pull operation, said pri 
mary winding being connected in series, between 
Said cathodes and in parallel with a resistance, 
said Secondary winding being connected between 
the control electrode of said second device and 
ground, and means for applying substantially. 
equal positive unidireetional operating potentials 
to said anodes; 
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