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My invention relates to radio or like circuits in- -

corporating balanced push-pull devices, particu-
-larly to circuits in which a push-pull amplifier

~

or like device is coupled to a single-ended load

circuit, and its object is to provide an improved
balancing arrangement for circuits employing a
push-pull device coupled to a load circuit of this
character. S, ) - 5

- It is desirable at times to supply from the out-
put circuit of a push-pull amplifier a single-ended
load circuit having one end at ground radio-fre-
quency potential. For example, such a push-
pull device or amplifier may be required to sup-
ply a single wire antenna, :

It has been found that if the single-ended

"load circuit is resistive only, then although the
neutralizing of the amplifier circuit is not af-
fected, nevertheless the introduction of the re-
sistive load has the serious effect of changing

‘the relative amplitude and phase of the radio fre~

quency output voltages of the two amplifier tubes,
the loading of the tubes thereby becoming un-
balanced. - Further; if the load includes g reac-
tive component still greater unbalancing is pro-
duced, ) : :

It has been necessary heretofore, in order to re-~
store the push-pull device to proper balance when

racitive compensating elements; Fig. 2 represents
& modification employing capacitive compensat-
“ing elements; and Figs. 3 to 5 represent modifica-
tions employing inductive compensating elements.
" In Pig. 1 the numeral (0 designates a usual

- push-pull amplifier or like push-pull device com-

- and .12,
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. output - circuit to resonance,

prising a pair of electron discharge devices (1
The numeral {3 designates an output
circuit which includes a capacitive means {4 con~ .
stituted by capacitors or capacitor sections 15 and
18 in series, and the numeral 17, an inductive
means having windings 18 and 19 in series.. Usual .
input circuit tuning capacitors 20 and 2f and
usual neutralizing capacitors 22 and 23 are pro-
‘vided, | ‘

The rectangle 24 designates generally & single-
ended load circuit grounded at one extremity 28,
and to which one extremity 26 of the output cir-
cuit 13 13 connected. The load circuit 24 may be
constituted by an antenna circuit or other like .
circuit, and may be resistive only or may inciude
a reactive component. The output circuif in- -
ductance 17 may be made variable for tuning the
The capacitors or
capacitor sections I8, 18 of the capacitive means

i4 in the output circuit are so arranged as to be. .

" made oppositely variable simultaneously as in-

coupled to the single-ended load circuit, to effect

turning adjustments in one or more of the ca-

pacitive and inducfive tuning elements in the

output circuit of the device. Since the tuned out- .

put circuit must be maintained at approximate
resonance at the same time that these adjust-
ments are made, therefore such readjustments of
" the individual output circuit elements to restore

balance have been found to be very difficult to
make and. such method of restoring balance to

be impracticable in practice. _

In accordance with the present.invention the
foregoing difficulty is avoided by the provision
of variable impedances in the output circuit of

. the push-pull device or ¢mplifier so arranged
that balancing of each tube of the amplifier and o

-in general the compensating for the unbalancing
effect of the single-ended load circuit is accom-
plished without disturbing the total tuning of
the output circuit for resonance. For this pur-

. ‘Pose the variable impedances may be constituted
by capacitive or by inductive elements. -

- 'The novel features which are considered to be
characteristic of my invention are set forth with
particularity in the appended claims. My inven-

tlon itself, however, both as to its organization
and method of operation together with further

objects and advantages thereof may best be
understood by reference to the following de-

- scription taken in connection with the accom-:

panying drawing wherein Fig. 1 is & diagrammatic
representation of a push-pull circuit arrangement
jncorporating my invention and including ca-
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dicated by the oppositely extending arrows; for
a purpose which will be explained presently. .
In operation of the system illustrated sche- -
matically in Fig. 1, to compensate for the unbal- -
ance in the-loading of the discharge devices §{
and 12 tending to be produced because of the
coupling of the push-pull device (0 to the single-
-ended load circuit 24, the capacitive means i4 is
adjusted to increase or decrease as desired the
reactance of one of the capacitor sections, as {83,

. while making a corresponding change in the op- .

posite direction in the reactance of the other
section, 8. The design of the capacitive means
i4 is such, however, that the reactance of the
capacitors or capacitor sections 16 and 18 in se-
ries remains substantially constant.

.For a capacitance means. meeting the above-
mentioned requirements for use, for example, in
& high frequency push-pull system, a typical
calibration may be as follows:

’ . Capsacity of | Capacity of
Rotor position in degrees sec. 15 in sec. 18 1n
. . mmids, - mmfds.

6.0 0.0

6.7 2.6
10.0 10.9
20.0 6.7
30.0 6.0

Assuming that the calibration of the variable
capacitive means {4 is substantially as above
given for compensating for the load unbalance
in discharge devices {1 and 12 occasioned by the



2.
single-ended load, it will se seen that when the
capacitances of sections (5 and (6 are simul-
taneously varied oppositely the total output

circuit capacitance of the two sections in series
remsains practically constant at a value of ap-
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and 31 respectively to be identical except that

. the rotors are in opposed relation, the balancing

proximately. five micromicrofarads. Therefore,

the tuning of the output circuit 13 to resonance
is not affected by the varying of the capacitor,
sections 15 and 16 for the purpose of compen-
sating for load unbalance in the dlscharge de~
vices.

In a practical case the constant capacitance

thus provided by the capacitor sections I5 and:

18 in series may be utilized as the total output
circuit capacitance, any necessary tuning of the
output circuit 13 to resonance being then accom-
plished by the inductance means iT which may
be made variable for this purpose.

Referring to Fig. 2, the systein illustrated
therein is in general the same as that illustrated
in Fig. 1 except that Fig. 2 represents a case in
which it is desired that the tuning to resonance
of the output circuit, 21, be effected by means of
a usual variable capacitance 28. In this case a
capacitance means 29, corresponding to the
capacitance means 14 of Fig. 1, for compensat-
ing the unbalance caused by the single-ended
load 24, is connected in shunt with the usual
tuning capacitance 28, and is operated in the
same manner as described in connection with
Fig. 1.

Referring to Fig. 3, the system illustrated
therein is similar in general to that of Figs. 1
and 2, differing therefrom in the means for com-
pensating unbalance. In the system of Figs. 1
and 2 the unbalance of the push-pull stage is
compensated by capacitive means. In some
cases, however, the desired load balancing is
more conveniently accomplished by variable in-
ductance means such, for example, as provided
by the two inductance elements 30 and 3! the
reactance values of which are varied while the
total reactance of these two elements in series
in the output circuit remains constant. In the
example shown in Fig. 3 the inductance means
may be in the form of a variometer or similar
rotating winding device having a stator consti-
tuted by stator windings 32 and 33, and a rotor
constituted by rotor windings 34 and 85. One
inductance element 30 of the above mentioned
two inductance elements thus comprises a stator
winding 82 and a rotor winding 34, and the
other inductance element 31 comprises the other
stator winding 33 and the other rotor winding 35.

In order that the reactances of the two in-
ductance elements 30 and 3t may vary oppositely
for compensating the unbalance caused by the
single-ended load 24, either the two rotor wind-
ings or the two stator windings are so wound
or connected as to be in “bucking” or opposing
relation. In the present case rotor windings 34
and 3% are illustrated as in opposing relation,

the stator windings 32 and 33 being in “boost- .

ing” or aiding relation.

With the inductance elements 30 and 31 ar-
ranged as above described, the.total inductance
of the rotor constituted by the two rotor wind-
ings 34 and 35 is equal to the sum of the in-
ductances of sach of the latter windings minus
twice the mutual inductance between them. Also
the total inductance of the stator constituted by
the stator windings 32 and 33 is equal to the sum
of thelr inductances plus twice the mutual in-
ductance between them. Thus, assuming the

winding arrangement of inductance elements 30
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means constituted by these inductance elements
30 and 31 provides a total reactance in the out-
put circuit which is of constant value regardless
of the position of the rotor, At the same time
when the rotors are moved to desired positions
for compensating the unbalance caused by the’
single-ended load circuit 24, the reactance of one
rotor winding, as 34, in combination with & cor-
responding stator winding, as 382, varies inversely

-as the reactance of the other rotor winding 85

in combination with the other stator winding 33.
In the system above described in connection
with Fig. 3, the rotor winding 34 in series or
parallel with the stator winding 82 may consti-
tute one section of the usual output circuit in-

_ductance, thus corresponding, for example, to

winding" 18 of output circuit inductance 11 in
Fig. 1, the other rotor winding 35 together with
the other stator winding 33- constituting the
cther section of the usual output circuit induct-
ance and corresponding to winding {9 of in-
ductance (1. The inductance element 30 con-
stituted by windings 32 and 34, and 31 consti-
tuted by windings 33 and 33 therefore may pro-
vide the total output circuit inductance means
in cases where, as illustrated in Fig. 3, the normal
output circuit tuning to resonance is accom-
plished by means of a suitable variable capacl-

vtance, 28.

Referring to Fig. 4, the system shown therein
is similar to that of Fig. 3 except that in Fig. 4
the inductance means 30, 31 for compensating
the load unbalance caused by the single-ended
load 24 may be provided, if desired, in shunt
with the usual output circuit inductance 1.

In Fig. 5, the variable induetance means for
compensating the load unbalance is illustrated
as being constituted by two separate but simi-
larly arranged and connected variometers or ro-
tating winding elements 36 and 31. 'To produce
the desired compensating effect the two devices
are made oppositely variable as indicated by the
uppositely extending arrows. Since the total out-
put circuit inductance is the sum of the induc-
tance of the various stator and rotor windings
pius the sum of the mutual inductances:between

" corresponding sections of the stator and rotor
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windings, therefore the value of this total out-
put circuit inductance remains constant during
the load balancing operation.

As in the system of Fig. 3, the load balancing
elements 36 and 37 of Fig. 5 may constitute the
entire inductance for the output circuit, as il-
lustrated in Fig. 5, the tuning of the output cir-’
cuit to resonance then being ‘accomplished by a
usual capacitive means 28, or, similarly to the
system of Fig. 4, the load balancing elements 36
and 31 may be connected in shunt with a usual

" ‘output circuit inductance.

My invention has been: descrlbed herein in par-

- ticular embodiments for purposes of illustration.

85

It is to be understood, however, that the inven-
tion is susceptible of various changes and modi-
fications and that by the appended claims I in-
tend to cover any such modifications as fall

- within the true spirit and scope of my inven-.

70

({ ]

tion.

What I claim as new and desire to secure by
Letters Patent of the United States is:

1. In combination, a push-pull device and a
tuned coupling circuit for connecting said device
to a single ended load circuit tending to cause
unbalance of said device, said push-pull device




2,380,389

comprising two electron discharge devices hav-
ing cathodes connected together and anodes con-
nected to opposite ends of said tuned circuit, said
tuned circuit comprising two branches connected
in parallel, one of said branches comprising two
tunable reactance elements of one sign connected
in series and having their center connection con-
nected to said cathode and the other of said
branches comprising a reactance element of the
opposite sign whereby said circuit may be tuned
to parallel resonance, said load circuit being con-
nected between said center connection and one
of said anodes whereby said push-pull device is
unbalanced, and means for simultaneously vary-
ing oppositely the reactances, respectively, of said
two elements while maintaining substantially
constant the total reactance of said two elements
in series whereby compensation for said unbal-
ance of said device may be effected without dis-
turbing the tuning of said tuned circuit.

2. In combination, a push-pull device and a
tuned coupling circuit for connecting said de-
vice to a single ended load circuit tending to
cause unbalance of said device, said push-pull
device comprising two electron discharge devices
having cathodes connected together and anodes
connected to opposite ends of said tuned circuit,
said tuned circuit comprising two branches con-
nected in parallel, one of said branches compris-
ing two tunable capacitance elements connected
in series and the other of said branches compris-

ing an inductance element whereby said circuit

may be tuned to parallel resonance, said load cir-
cuit being connected between said center con-
nection and one of said anodes whereby said
push-pull device is unbalanced, and means for
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simultaneously varying oppositely the capaci-
tance, respectively, of said two capacitors while
maintaining substantially constant the total ca-
pacitance of said capacitors in series whereby
compensation for said unbalance of said device
may be effected without disturbing the tuning of
said tuned circuit.

3. In combination, a push-pull device and a
tuned coupling circuit for connecting said device
to a single ended load circuit tending to cause
unbalance of said device, said push-pull device
comprising two electron discharge devices having
cathodes connected together and anodes con-
nected to opposite ends of said tuned circuit, said
tuned circuit comprising two branches connected
in parallel, one of said branches comprising tun-
able capacitors and the other of said branches
comprising two inductance elements in series and
having their center connection connected to said
cathode whereby said circuit may be tuned to
parallel resonance, one of said elements compris-
ing a stator section and a rotor section in aiding
ing relation, the other of said elements com-
prising & stator section and a rotor section in
opposing relation, said load circuit being con-
nected between said center connection and one
of said anodes whereby said push-pull device is
unbalanced, and means for varying the relative
positions of said stators and their respective ro-
tors thereby to vary oppositely the inductances,
respectively, of said elements while maintdining
substantially constant the total inductance of said
tuning circuit to effect compensation for unbal-

.ance without disturbing the tuning of said tuned

circuit. : .
PAUL D. ANDREWS.




