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This invention relates to push-pull vacuum
tube systems and, more particularly, to a novel
push-pull system. for use in power amplifiers,

such as those employed in the output stage of .

conventional radio receivers. By the present in-
vention, there is provided a novel arrangement
for obtaining the phase inversion necessary for
push-pull operation of vacuum tubes.

One object of the invention is to provide -a

novel push-pull vacuum tube system employing

a minimum number of parts or elements. More
specifically, the system provided by the inven-
tion eliminates the necessity of employing either
an input transformer or additional phase inver-
sion tubes as found in conventional forms of
prior systems of this general type.

Another object of the invention is to provide
a novel system of this class employing space-

discharge devices or vacuum tubes, at least one

of which has an auxiliary anodic element such
as a screen grid and wherein a signal of inverted

phase is derived from the action of the said

auxiliary anodic element and is applied to the
input of the other tube. :

A further object of the invention is to provide
a2 system of this class wherein vacuum tubes of
the “pentode” type are employed and a signal
is derived from one tube and is applied to the
input of the other tube through a linear net-
WwOork.

The invention may be more clearly understood
by reference to the accompanying drawing, the
single figure of which is a schematic illustration
of a preferréd form of the invention.

Referring to the drawing, the tubes Vi and V2
are of the “pentode” type having their anodes
connected te the input terminals of a single cen-
ter-tapped output transformer T. The cathodes
of these tubes may be grounded and the anodes
may be energized through a power. supply unif
or from g source B connected o the center tap
of the primary of the output transformer. An
input signal from source E may be supplied to
a conventional vacuum tube amplifier V3 and
the amplified signal may be transferred through

-the -resistance-capacitance coupling to the con-

trol grid g1 of the tube Vi. - Following conven-
tional practice the grids of the tubes Vi and V2
will be designated g1, gz and g3, respectively,
in order of their displacement from their as-
sociated cathode. The signal applied to tube Vi

" may be obtained from ahy conventional source,

bb

for example, from the output of a preceding
tube, as shown, or from an audio amplifier, or
from a microphone or any other signal source.

(CL 179—171)

The signal supplied to the control grid g: of
tube V: serves to control the space current in
that tube. The output signal, which is thus pro-
duced in the anode circuit, is approximately
180° out of phase, or, in other words, of oppo-
site phase, with respect to the input signal. In
sccordance with the present invention, the
screen grid gz of wvalve Vi is connected to the
bower supply B through a resistor Ri. 'The ele-
ment g3 of tube Vi may be connected to the
cathode, as shown. The variations in space cur-
rent of fube Vi also causes a signal voltage to
appear across the resistor R: and this signal is
likewise approximately 180° out of phase with
respect to the input signal for the range of op-
erating frequency. Hence, it may be used to
drive the other push-pull tube V2. The signal
across the resistor R1. may be transferred to the
control element g1 of tube V2 by means of the
condenser Ci: and grid leak resistor Rz2. Grid
bias may be supplied to the elements g1 of tubes

Vi and V2 by means of grid leaks Rz and Ra,.
- vespectively, which may be connected to a proper

source of grid bias, such as the source C. If will
be apparent that this bias may be obtained
in any other conventional manner, for example,
from a resistor and shunt condenser in the
cathode circuit of tubes V: and V2. As before,
the element g3 of Va may be connected to the
cathode, and the screen grid gz may be con-
nected to the B supply through a resistor R« or
in some cases this resistor may be omitted. This
will be explained in further detail hereinafter.

As has been pointed out, a signal which is
180° out of phase with respect to the input sig-
nal over the operating range is thus supplied to
the tube Vi, and this tube, therefore, produces
an amplified signal in the output circuit. Thus,
the tubes V1 and V2 operate in push-pull relation
to one another. The secondary or outpul side

_of the transformer T may be connected to any

conventional load circuit, such as a loud speaker
of the electrodynamic type or any other suitable
device.

The device of the invention is well adapted
for amplifier-operation of the type known as
“Class A” in which current flows in each tube
during the entire signal cycle, or for operation
of the type known as “Class AB”, in which cur-
rent flows for nearly the entire signal cycle.

- Where the circuit is designed for Class A oper-

ation, and it is desired to obtain the maximum
power output without undue distortion, the mag-
nitude of the resistor R: may be such that the

input signal supplied to g1 of tube V: is some-
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what larger than thie corresponding input sig-
nal supplied to g1 of tube Vi. In a preferred
form of the invention, the signal to tube Va may
be as much as 20 to 25 per cent larger than the
corresponding signal supplied to tube Vi. This
is possible by virtue of the fact that the low
value of the load resistor Ri of tube Vi, which
resistor supplies signal to tube Vi, permits a
wide grid swing of tube Va2 without appreciable
distortion. When so operated the even har-
monics.of the output signals of each tube will

not exactly cancel and some even harmonics may
-appear in the output circuit.

‘When the tubes
are thus operated in unbalanced relation, the
resistor R« may be omitted. i

‘Where more linear amplification is desired at
the expense of some sacrifice of power output,
the resistor Rs may be included and may be
made equal to resistor Ri. Under these cireum-~
stances, the signal supplied to the element g1 of
tube V2 may be of the same order of magnitude
gs that supplied to element g1 of tube Vi, which
mskes for balanced operation and cancellation
of even harmonics in the output circuit.
amplitude of the signal suppliéd to element g1

. of tube V2 may be controlled by varying the value
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of the resistor Ri, the signal obtained there-
across being approximately proportional to the
value of the resistor.

As has been mentioned above, it is desirable
that the signal applied to the control grid ¢: of
tube Va2 may be substantially 180° out of phase
with respect to the signal applied to the control
grid g1 of tube Vi. This phase inversion or
phase shift is inherent in the operation of a space
discharge device, an increase in the confrolling
signal vaoltage resulting in a decrease in the out-
put signal voltage. The necessity of this phase
inversion arises from the fact that the trans-
former T, when used as shown in the figure, is
adapted to produce in its output circuit a signal
corresponding to the vector difference of the sig-
nals supplied thereto by the load circuits of the
two push-pull tubes. If now, the signals applied
to the control grids of the two push-pull tubes
have some phase relation other than a phase dif-
ference of 180°, the output signal will be cor-
respondingly modified. For example, if the twoe
signals supplied to the control elements were of
equal magnitude and identical phase, the output
signal would be zero, and for other phase rela-
tions and amplitude relations, the signal will cor-
respond to the vector difference, as above men-~
tioned. Where the signal supplied to the tube V2
is obtained from a resistance in the output cir-
cuit of the element gz of tube Vi, and where this

- signal is transferred by means of a capacitance
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and grid leak resistor, the desirable phase inver-
sion of 180° will Be obtained for all frequencies
at which the impedance of the condenser is small
as compared with the impedance of the resistor
Ra. On the other hand, where the impedance of
the condenser approaches that of the grid leak
resistor, then a phase shift will take place bhe-
tween the signal appearing across the resistor Ri1
and that applied to the control grid g1 of tube Vs,
and this phase change will, of course, be that
introduced by the fact that this network con-
tains appreciable reactive components. It is
therefore desirable, where a uniform frequency
characteristic is desired over the operating range
of the device, that the cut-off frequency of the
transfer network to the control element of the
tube Vz be lower than the lowest frequency which
it is desired to transmit. It will further be ap-
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parent that modifications of the frequency char-

acteristic of the amplifier may be obtained by re- .

placing the present resistance-capacitance net-
work by a reactive network having the property

of varying the amplitude and phase relation of -

signals thus transferred to the control element
of the second tube.

It is important to note that the circuit of the
screen gria gz of Vi including the resistor R: is
independent of the output circuit for both tubes,
and this independence of the two circuits is
necessary to avoid regeneration, Due to the fact
that the anodes of the tubes are connected to
opposite ends of the primary winding of the
transformer T, the output current of Vz will tend
to set up a voltage between the anode of Vi and
ground equal and opposite to that between the
angde of Va and ground. If the circuit of the
screen grid g2 of Vi were not independent of the
output circuit including the anode of Vi, then
the voltage induced on the anode of Vi would tend
to be transferred to the input circuit of V3, and
it would oscillate- as a conventional oscillator.
However, following the practice of applicant’s in-
vention, & circuit independent of the output cir-
cuit, except for the common source of energy

(across which no signal is built up), is provided,”

and any tendency of the circuit to regenerate or
oscillate is completely avoided. By deriving the
input signal for Va2 from a circuit separate from
the output circuit of both Va and Vi and con-
nected to an auxiliary element (g2) in Vi, the
current to which element is determined by the
input signal for Vi, the input signal for Vz may be
made independent of the output signal and deter-
mined only by the signal supplied to V1.

In general the tube Vi may be any tube having
an anode, cathode, a control element and an
auxiliary element, such that the space current
to this auxiliary element is controlled by the
aforementioned control element. Thus, tubes of
the type known as “tetrodes” might be used in
the circuit of my invention. Preferably, however,
tubes of the type known as “pentodes” should be
used for the reason that by the use of such tubes
the operating range and power capabilities of the
system are enhanced. Where a tube of fhe
tetrode type is used, it is desirable that the maxi-
mum voltage between the auxiliary electrode (ga)
and the cathode be less than the minimum volt-
age between the anode and the cathode in order
to avoid the introduction of prominent third har-
imonics. If, on the other hand, a tube of the
pentode type is used, which has a shielding ele-
ment (g3) between the auxiliary element and the
plate, then this restriction no longer applies and
the operating range of the device is materially
increased.  The presence of the additional ele-
ment (g3) - further serves to minimize electron
coupling between the auxiliary electrode (g2) and
anode and serves to improve the stability of the
amplifier.

It will be seen that by the use of this inven-
tion, there is obtained a signal of inverted phase
suitable to actuate one branch of a push-pull
ambplifier circuit, without the -use of an input
transformer or an additional phase-inverting
tube other than the one tube used in the push-
pull circuit. As the cost of an input transformer
is substantial, the present invention effects a sub-
stantial reduction in cost as regards prior push-
pull amplifiers embodying such a transformer.
Moreover, by eliminating the phase-inverter tube
of another prior device of this type, which tube
generally provides no amplification, the device of
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of sald one device, means. for applying an input

the invention effects an economy with respect to
the said prior device. It will be seen also that the
distortion inherent in such prior devices has been
elimingted. As the input signal supplied to the
control grid g1 of tube Vz is obtained from across
a resistance and transferred to the control grid
by means of a resistance-capacitance coupling,
considerably less distortion is introduced than
would be obtained by deriving such signal from
across an impedance such as choke or trans-
former in the output circuit of tube Vi. It will
further be apparent that even though the ele-
ment g2 of tube Vi will have a signal appearing
thereon, the actual variation in potential of this
element will be small, due to the fact that both
tubes V1 and V2 act as pentodes and have a high
amplification factor, and for practical purposes,
the tube V1 will behave as a conventional pentode
as far as its anode circuit is concerned. Thus the
deriving of a signal from the screen grid of the
tube V1 will not adversely effect its performance
as a power amplifier.

In the use of such a device as an audio fre-
guency amplifier output stage, it is customary
to provide by-pass elements for the purpose of
limiting the high frequency response of the sys-
tem. For this purpose, condensers Cz and C:
may be connected to the anodes of tubes Vi and
Va3, respectively, and to ground. These conden-
sers serve in cooperation with the transformer
T to provide a high frequency cut-off for the
system.

In a specific embodiment of the invention, the
tubes Vi and Vz were commercial tubes of the
type known as “42” tubes and they were operated
at their rated voltages. The transformer T was
of such character as to transform the load im-
pedance to appear as a resistance of about 12,000
ohms (plate-to-plate) and the resistance Ri1 had
an optimum value of about 4,000 chms. In this
particular case, the resistance R+ was omitted and
the resistances Rz and Rs were of the order of
magnitude of a 200,000 ohms or more. In & mod-
ification of the invention, the magnitude of the
resistance Ri1 was decreased to about 2,000 ohms
and the resistance Rs was the same as Ri.

Although the invention has been illustrated

 and described with particular reference to a pre-

0
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ferred embodiment employing vacuum tubes of
the pentode type, it will be understood that the
system may be modified or varied without de-
parting from the invention. For example, other
types of tubes may be used, as above mentioned,
the invention contemplating broadly the deriva-
tion of a signal from the action of an auxiliary
element of one tube in a circuit independent of
the output circuit for the system, and the appli-
cation of such signal to the other tube to effect
push-pull operation of the tubes. It will be un-
derstood also that the invention is not limited
to operation of the tubes at audio frequency.
Other possible modifications will be obvious to
persons skilled in the art.

I claim:

1. In an electrical system, a pair of space dis~
charge devices, each having a cathode, an anode
and a control element, and at least one of said
devices having an auxiliary element, the control
element of said one device being disposed between
the cathode and the auxiliary element of said de-
vice, an outpuf circuit comprising a winding and
means for connecting one end of said winding
to one anode and the other end of said winding
to the other anode, another circuit, independent
of said output circuit, for the auxiliary element

3

signal to the input of said one device, means for

deriving a signal voltage from said auxiliary ele--

ment circuit, and means for applying said last-
named signal voltage to the input of the other of
said devices. :

2. In an electrical system, a pair of space dis-

charge devices, each having a cathode, an anode -

and a control element, and at least one of said

- devices having an auxiliary element, the control

element of said one device being disposed be-
tween the cathode and the auxiliary element of
said device, an output circuit comprising a wind-
ing, means for connecting one end of said wind-
ing to one anode and the other end of said wind-
ing to the other anode, and a source of anode
potential connected to the midpoint of said wind-
ing, the auxiliary element of said one device be-
ing connected through an impedance to said
source thus forming a circuit independent of said
output circuit, means for applying an input sig-
nal to the input of said one device, whereby a
signal voltage is set up across said impedance,
and means for applying said last-named signal
voltage to the input of the other of said devices.

3. In an electrical system, a pair of space dis-
charge devices, each having a cathode, an an-

ode and a control element, and at least one of .

said devices having an auxiliary element, the
control element of said one device being dis-
posed between the cathode and the auxiliary
element of said device, an output circuit com-
prising a winding, means for connecting one end

“of said winding to one anode and the other end

of said winding to the other anode, and a source
of anode potential connected to the midpsint
of said winding, the auxiliary element of said
one device being connected through a resistance
to said source, thus forming a circuit independent
of said output circuit, means for applying
an input signal to the input of said one device,
whereby there is set up across said resistance
a signal voltage of opposite phase relation with
respect to said input signal, and means includ-
ing a resistance-capacitance coupling for apply-~
ing said last~named signal voltage to the input
of the other of said devices.

4. In an electrical system, a pair of space dis-
charge devices, each having a cathode, an anode
and a control element and at least one of said
devices having an auxiliary element, the control
element of said one device being disposed be-
tween the cathode and the auxiliary element of
said device, an output circuit comprising a wind-
ing, means for connecting one end of said wind-
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ing to one anode and the other end of said wind-~ -

ing to the other anode, and a source of anode
potential connected to the midpoint of said wind-
ing, the auxiliary element of said one device be-
ing connected through a resistance to said source
thus forming a circuit independent of said out-
put circuit, means for applying an input signal
to the input of said one device, said reslstance
being of such value that there is set up there-
across a signal voltage of greater amplitude than
said Input signal, said signal voltage being of
opposite phase relation with respect to said in-
put signal, and means for applying said last-
named signal voltage to the input of the other of
said devices.

60

5. In an electrical system, a pair of space dis-

charge devices, each having a cathode, an anode,
a control element and an auxiliary element, the
control element of each of said devices being dis-
posed between the cathode and the auxiliary ele-

75
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" ment, of sald device, an output circult compris-

ing a winding, means for connecting one end of

- said winding to one anode and the other end of

10

said winding to the other anode, and a source

of anode potential connected to the midpoint of

said winding, the auxiliary element of one of said
devices being connected through a resistance to
said source thus forming & circuit independent

of said output circuit, the auxiliary element of -

the other of said devices being connected through

a second resistance to sald source, means for

_.abplying an input signal to the input of said one
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“device, whereby there 'is set up across said first

resistance a signal voltage of opposite phase re-
lation . with respect to said input signal, and
means for applying said last-named signal volt-
age to the input of said other device.

6. In an electrical system, a pair of space dis~
charge dévices, each having a cathode, an anode
and a control element, and at least one of sald

devices having an auxiliary element, the control -

element of said one device being disposed be-
tween the cathode and the auxiliary element of

said device, an output circuit comprising & wind-

ing and means for connecting one end of said
winding to one anode and the other end of said
winding to the other anode, another circuit in-
dependent of said output circuif, for the auxil-
iary element of said one device, means for apply-
ing an input signal to the input of said one de-
vice, means for deriving a signal voltage from
said auxiliary element circuit, and means for
modifying the phase of said last-named signal
voltage and for applying said modified signal
voltage to the input of the other of said devices.

7. In an electrical system, a pair of space dis-
charge devices, each having a cathode, an anode,
a control grid, a second grid positioned between
said anode and said control grid on the side of
the control grid opposite the cathode, and a third
grid positioned between said anode and said sec-
ond grid, a conductive connection between said

- third grid and said cathode, an output circuit

45

50

comprising a winding, means for connecting one
end of said winding to one anode and the other
end of said winding to the other anode, and a
source of anode potential connected to the mid-
point of said winding, said second grid of one
of said devices being connected through a resist~
ance to sald source thus forming a circult inde-
pendent of said output circuit, means for apply-
ing an input signal to the input of said one de-
vice, wherehy there is set up across said resist-

3,109,091

ance a signal voltage of opposite phase relation
with respect to said input signial, and means for
applying  said last-named signal voltage to the
input of the other of said devices,

8. In an electrical system, & pair of space dis-

" charge devices, each having a cathode, an anode,
& control grid, a second grid positioned between'

said anode and said control grid on the side of
the control grid opposite the cathode, and a third
grid positioned between said anode and said sec-
ond grid, a conductive connection between said
third grid and sald cathode, an output circuit
comprising & winding, means for connecting one
end of said winding to one anode and the other
end of said winding to the other anode, and
& source of anode potential connected to the
mid-point of said winding, said second grid
of one of sald devices being connected through
a resistance to said source thus forming a circuit
independent of said output circuit, the second
grid of the other of said devices being connected
through & second resistance to said source,
means for applying an input signal fo the input
of said one device, whereby there is set up across
said first resistance a signal voltage of opposite
phase relation with respect to said input signal,
and means for applying said last-named signal
voltage to the input of said other device.

9. In an electrical system, a pair of space dis-
charge devices, each having a cathode, an’ anode,
& control grid, a second grid positioned between
said anode and -said control grid on the side of
the control grid opposite the cathode, and a third
grid positioned between said anode and said sec-
ond grid, a conductive connection between said
third grid and said cathode, an output circuit
comprising a winding, means for connecting one
end of said winding to one anode and the other
end of said winding to the other anode, and a
source of anode potential connected to the mid-
point of said winding, filter condensers connect-
ing said anodes to said cathodes, said second grid
of one of sald devices being connected through
a resistance to said source, thus forming a circuit
independent of said output circuit, means for ap-
plying an input signal to the input of said one
device, whereby there is set up across said re-
sistance a signal voltage of opposite phase rela-
tion with respect to said input signal, and means
for applying said last-named signal voltage to
the input of the other of said devices.

EDWIN L. CLARK.
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