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9 Claims,

The present invention relates generally to im-
proved audlo and video frequency amplifiers, and
to transformers utilizable therein, and more par-
ticularly to lmproved class B audio and video
frequency electronic amplifiers which introduce
extremely slight distortion over a wide hand of
frequencies, by utilizing output transformers of
novel design, cennected in novel relation to the
electronic tubes of the amplifier.

The class B amplifier is a push-pull amplifier
in which the tubes are biased approximately to
cut-off, One of the tubes, in the normal system,
amplifies the positive half cycles of the signal
voltage while the other amplifies the negative half
cycles, the output tramsformer combining the
outputs of the two tubes, to reconstruct a replica
of the signal voltage.

The frequency mits of the conventional audio
or video amplifier depend largely upon the de-
sign of the output transformer, loss in amplifica-
tion at Jow frequencies resulting from the low
ineremental Inductance of the transforraer pri-
mary, and fellivg off at high frequencies result-
ing from. leakage inductance and the various dis-
tributed capacities of the transformer.

In order to obtain a good low frequency re-
sponse the incremental primary inductance of
the transformer must be high relative to the
plate resistances of the tubes used. The primary
winding of the transformer, then, should have
a large number of turns. At the same time the
resonant frequency of the leskage i t: and
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impedance. Such cores are adversely affected,
in respect to the incremental inductance, by D. C.
magnetization. Hence the latter must be avoided.
The effect of leakage inductance on class B

5 Dbush-pull amplifiers has been considered in the
literature, and attention is directed particularly
to an article by A. Pen~-Tung Sah, in Proceedings
of the I. R. E. for November, 1936, Sah points out
particularly the deleterious effects of leakage in-
ductance between primary windings of the output

tra; of such an first, in cansing
a output, as £ and
second, in ing finite time into

the circuit, thus causing transients which dis.
tort the output wave &s one of the tubes changes
fxom a conducting condition o a blocking condi-
tion, and vice-verss, The lattey effect 15 the basis
of great distortion at the higher audio frequen-
ies,

20 It is & primary object of ¥he present invention
to provide improved push-pull amplifiers having
negligible leakage reactance in their output trans-
formers, and hence negligible fransient effects
during change-over of each tube of the amplifier

25 from to e

It is an ancillary object of the invention to pro-
vide novel push-pull transformers having negli-
gible leakage reactance.

It is a further object of the invention to pro-
vide a push-pull wide band transformer of rela-
txve)y simple and econamical construction, which

secondary capacitance must be beyond the high-
est frequency desired to be amplified, so that low
leakage inductance and shunt capacity is essen-
tial, if the frequency response of the transformer
is to be extended.

The above requirements are mutually conflict-
ing, in various respects. The size of the core of
a transformer, i. e, the fotal iron utilized, is lim-
ited by considerations of cost, space and weight
requirements, This in turn fixes the total num-
ber of turns allotted to the primary and second-
ary windings. Decreasing core size and increas-
ing total turns on the primary winding to retain
high primary incremental inductance increases
leakage inductance and shunt capacity, which in
turn, reduces resonant frequency, and hence the
high frequency response of the transformer. In
practice, leakage inductance is decreased by inter-
leaving primary and secondary windings, but this
increases distributed eapacity and so tends to
neutralize the benefity obtained.

As s further hig!
cores must be used, to increase prlmary winding

leakage between primary
windings of the transformer.

It is another object of the invention to provide
an improved push-pull transformer comprising
bifilar primary windings, and futher to provxde
push-pull audio a capable of
transformer having bifilar primary windings.

It is, further, an object of the invention to
provide a push-pull fransformer, having greater

ing between the dary winding and the
primary windings than is available in known de-
signs, without increasing detrimental capacity ef-
fects, thereby to improve the frequency response
and to enlarge the band width of such trans-
formers when employed in amplifiers.

14 is still another object of the invention to pro-
vide a push-pull transformer having radically
reduced effective distributed capacity across the
primary windings, and to provide a push-pull am-
plifier for effectively utilizing a transformer of
this character,

It is & further object of the invention to pro-
vide a push-pull transformer of reduced distrib-
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between

uted capacity and leakage
primary ard secondary windings. .

It is g further object of the present invention
to provide a push-pull amplifier utilizing an out-
put transformer having bifilar primary windings,
the amplifier employing pentode, tetrode or beam
power electronic tubes, wherein is provided means
for maintaining the screen grid of each of the
tubes at a fixed potential with respect to the as-
soclated cathode during operation of the tubes
in the ampiifier.

1t is still another object of the invention to pro-
vide a push-pull amplifier arrangement capable
of effectively utilizing a transformer having sub-
stantially zero leakage Inductance between its
primary windings, and which requires but a sin-
gle anode voltage source for all the tubes of the
amplifier.

I¢ is & further object of the invention to pro-
vide novel push-pull transformer arrangements
which are not bifilarly wound but which have
many of the properties of bifilarly wound trans-
formers, and particularly low or negligible leak-
age inductance between primary windings.

It is still another object of the invention to pro-
vide a eapable of pplyi: large
amounts of undistorted power for modulating
carrier frequency signals,

Brie: the various of
the present invention hereinafter described in de-
tail, and fllustrated in the drawings, attain the
objects of the invention by employing bifilar pri-
mary windings in the output transformers to re-
duce to 2 negligible value the leakage inductance
between these windings. The effect of substan-
tially inating leakage between
primary windings Is radically to reduce transients
during current cross-gver from one to another of
the tubes of a push-pull amplifier, these tran-
sfents being particutarly severe in class B opera-
tion. Leaskage inductance hetween the primary
windings and the secondary likewise contributes
to these transient effects, but in reduced degree.
Relating the primary windings in the manner
stated inherently enables reduction of leakage in-
ductance between primary windings and the sec-
ondary winding.

By proper arrangement and connection of the
primary windings in the transformer the equiv-
alent shunt capacity across the primary wind-
ings, due to the capacity between windings, which
together with leakage reactance and the capacity
of the secondary winding determine falling off
of response at the higher audio frequencies and
the high frequeney cut-off point of the amplifier,
may be similarly reduced, and the windings may
be so related to the electronic tubes of the am-
plifler that but a single anode power supply is
required, and that in certain of the embodiments
conventional Inplit circuits may be employed.

The conventional mode of reducing leakage in-
ductance conslsts of sectionalizing primary and

i d inter-
is ex-

y an or
spersing these, This type of construction
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vensive, and while it succeeds in reducing leak- 9%

age inductance, results in increased capacities.
The total capacity of the transformer windings
may be reduced by avolding the necessity for in-
terleaving or pi-winding, in sccordance with the
bresent invention, in order to reduce leakage
i By the ity for pi-
winding, or interleaving, furthermore, the trans-
former of the present invention may be arranged
more compactly than previously known trans-
formers of the seme performance, resulting in

70

5

4
of iron and In a simpli-
fied, more economically fabricated core and wind-
ing structure.

In the conventional push-pull output trans-
former for class B amplifiers the primary wind-
ings of the transformer are connected in series
between the plates of the electronic tubes of the
amplifier. Accordingly, the primary windings be-
ing closely coupled, the total impedance of the
primary windings is approximately four times
{he impedance of & single primary winding, In
accordance with certain embodiments of the pres-
ent invention the primary windings of the out-
Put transformer are not connected in series with
each other between the amplifier tubes, but are
connected effectively in parallel. Therehy 3 re-
duction in anode terminal to anode terminal im-
pedance of (4, -approximately, may be attained.
Additionally, each coil, by reason of its bifilar re-
lation to another coll, is for the same length of
wire and length of coll of double the number of
layers, resulting in a further decrease of shunt
capacity. Reduction of anode to anode imped-
ance of the windings, is, therefore, reflected in a
corresponding decrease in anode to anode dis-
tributed capacity across the windings, and there-
fore in a radical extension upwards of the cut-
off frequency of the amplifier, at its high end.
Alternately, more turns may be employed in the
primary windings, and the resultant increase of
shunt capacity, due to increase in the number of
turns, can be tolerated.

Audio amplifiers constructed in accordance
with the present invention, and tested for aistor-
tion, have shown less than %% distortion over
the band 20 to 20,000 cycles, the conversion effi-
clency .of the amplifler tubes remaining above
80% over ihe band, with en essentially flat re-
sponse over the band of 20 to 200,000 cycies.
Nevertheless, transtotters constructed in ace
cordance with the present invention Inberently
cost less to build than do transformers of the
highest quality fabricated in accordance with
brior art principles, and require less space and
weigh less than the latter,

Further, no transformers currently available
commercially or known to me are capable of at-
taining the wide frequency response and low wave
formn distortion attainable by the present system,
regardless of their cost, weight or space.

The above and still further objects, advantages
and features of the invention will become ap-
parent upon consideration of the following de-
tailed « ipti of various of the
invention, especially when taken in conjunction
with the accompanying drawings, wherein;

Figure 1 is a schematic circuit diagram of an
embodiment of the invention wherein is employed
a pair of bifilarly wound primary coils in an out-
put transformer, one of the coils heing connected
in the cathode circut of a vacuum tube of a push-
pull amplifier, and the remaining coil eonneeted
in the anode circuit of the amplifier;

Figure 2 is a schematic circuit diagram of a
further embodiment of the invention wherein is
utilized a transformer having two bifilarly wound
primary coils, each comprising two windings, each
bifilarly wound coil having one of its windings
connected in the cathode circuit and the other in
the anode circuit of one of the vacuum tubes of
the amplifier;

Figure 3 is a schematic cireuit diagram Hius-
trating a modification of the system Mustrated
in Figure 2 of the drawings, wherein the push-
pull amplifier utilizes vacuum tubes having screen
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grids, each screen grid being maintained at a con-
stant difference of potentisl with respect to its
assoctated cathode during operation of the ampli-
fler:

Figure 4 Is a schematic circuit diagram of a
modification of the system of Figure 2, wherein
controliable degeneration is provided in the am-
piifier;

Pigure 5 is a schematic circult diagram of a
variation of the system of Figure 1 of the draw-

ings, for
Figure 8 is & schematic circuit diagram of a
of the -

n
ure 2 of the drawing, wherein the output trans~

former is an auto-transformer;

b
Figure 7 is & view, showing s transformer hav-

ing bifilarly wound primary windings for use 1n
push-pull amplifiers arranged in aceordance
with the invention; and,

Figures 8, 9 and 10 represent varfations of the
unity coupled transformer of Figure 7.

Referring now more particularly to the draw-
ings and having reference particularly to Figure
1 thereof, there is hepul] ampl-

10

8 .
ing connected {n the cathode lead of the triode
i, intermediate the cathode I8 thereof and the
0f the pot source (4
The cathode 20 of the triode 2 is connected
directly to ground and a further primary wind-
ing 21 of the output transformer T is connected
between the positive terminal of the potential
source 4 and the anode 22 of the triode 2,

‘The primary windings I8 and 2/ are wound in
bifllar manner, or equivalently, as indicated in
the schematic eircult disgram, the wires form-
ing one of the windings belng immediately adia-
cent the wires forming the other of the windings
so that substantially zero leakage inductance
5 exists as between the windings 18 and 21.

It it be assumed that a sine wave of potential
is applied to the control electrodes &, & by the
sources 8, 9, the positive half of the sine wave
dertving from source 8 effecting current transfer
through the triode I, and the positive half of the
sine wave deriving from source 9§ effecting cur-~
rent transfer through the triode 2, it will he ap-
parex@t that while the positive haif of the first

20

fler constructed in accordance with the principles
of the present invention and utilizing an output
tra; arranged in with the in-
vention.

The amplifier of Figure 1 is {llustrated as em-
ploying a pair of triodes i, 2 as amplifying elec-
tronic devices, the trlodes { and 2 being provided
respectively with grid-leaks 3 and 4, which are
connected between the control electrodes § and
€ of the triodes | and 2, respectively, the mid-
point of the grid leak resistors 3 and 4 heing
grounded via a bias source 7. Driving po-
tential is applied to the control electrodes 5 and
§ from sources conventionally illustrated as gen-
erators 8, §, which may be presumed to provide

+ potentials of opposite phases with respect to
ground, a2nd of sultable relative magnitudes, the
potentials provided by the sources 8, 8 being ap-
pPlied to the contrel electrodes 5, § via coupling

10 and (i r g

§2 and 13 representing the Internal resistances
of sources 8 and §, respectively. The bias es-
tablished by the bias source 7 may be such as to
cause operation of the triodes | and 2 to be eftheyr
as class A, clags AR or class B amplifiers, the
significance of the classification being well un-
derstood in the art, and defined by the Institute
of Radio Engineers in its officlal definitions.
While the circults and structures of the present
application have wide utility in amplifiers oper-
ating in accordance with any one of the above
mentioned classifications, the invention has pri-
mary application to class B amplifiers, and will
be described accordingly as utilized in amplifiers
of this class, without intending thereby to limit
the scope of the invention. For the purpose
stated, the bias source 1 will be established to
have a value such 2 to cut off the plate current
of the triodes { and 2, in the absence of signal
voltage applied to the grids thereof.

The input circuits of the triodes | and 2 will,
accordingly, be seen to be completely conven-
tional and fo form essentially no part of the pres-
ent invention.

A source of anode voliage 14 is provided, con-
ventionally illustrated as n battery to simplify
the drawings. The negative terminal of source
4 1s grounded via the lead 15, and the positive
terminal of source i4 is connected directly via
the lead (§ to the anode 1T of the triode 1, the
primary winding 18 of output transforcer T be«

sine wave is applied to the control
electrode § that the triode 2 is cut off and that
current flow through the primary winding 18
takes place in the direction of the arrow 23. On
the other hand, while the positive half of the
second mentioned sine wave is applied to the
control electrode § of the iriode 2, the triode |
Is cut off and current flow through the primary
winding 2{ takes place in the direction of the
dotted arrow 24 Accordingly, with respect to the
flux produced in the core 25 of the transformer
T, current flow in the windings {8 and 2( is in

1 i so that an al mag-
netie flux is set up in the core 28, and an alter-
nating voltage induced n the secondary wind-
ing 26 of the transformer T, for applieation to
0 the load clrouwit conventionally tiustrated as a
resistance 27.

By virtue of the close coupling existing between
the primary windings 18 and 2(, the close cou-
pling being brought about by the manner of wind-
ing the primary windings 18 and 21, substantially
no leakage reactance will exist between these pri-
mary windings, and, accordingly, as explained
in the article by Sah, clted hereinbefore, no
transient effects will exist during change over of
current carrying function from the triede 1 to
the triode 2, and vice-versa. At the same time,
the direction of the voltages E existing across
both the windings 18 and 21 are always in iden~
tieal direction, despite the fact that current flow
in the two windings is in opposite sense because
of the fact that the windings conduct in alterna-
tion and are ciosely coupled.

If we assume that the triode 2 is cut off, and
the triode I conducting, for example, the winding
{8 induces in the winding 21 a voltage congruent
with its own voltage, and in the same sense in
the two windings, the voitage in winding 21, how-
ever, being incapable of causing current flow in
triode 2 because the input voltage applied to grid
6 is now negative in phase and of sufficient am-
plitude with respect to the voltage applied to the
anode 22 of triode 2 by winding 21, to prevent
such current flow, Precisely the same argument
mey be presented when triode 2 is conducting
and triode { cut off.

Furthermore, the terminals 28 and 28 of the
primary windings (8 and 21 are directly connected
{ogether via the potential source 14, which may
be assumed to have zero impedance, and the to-
5 tal number of furns contained in the windings 18

25

30

85

45

50

60

1]

70




9,477,074

7
and 21 and are precisely equal. Accordingly, no
A. C. potential difference exists between any two
adjacent points of the wlndmgs 13 and 2i, s
that but slight or zero flow

vided with the same number of turns, The ter-
minels 87 and 3§ of the windings 33 and 26 are
over the low im-

"

ce provided by the potential source 4 and,

between sdjacent turns of the prkmary

be be at the same

i8and 2f. Such currents as do flow tend to main-
tain the potentials of adjacent points of the two
primary windings (8 and 21 identical, and ac-

to the proper £ of

the system.

A condenser C may, if desired, be connected di-
rectly from cathode (8 to anode 22 without al-
fering the of the system but
to assure the equipotential relation between ad-
jacent turns, particularly at the higher frequen-
cies, where some leakage reactance might con-
celvably be present due to imperfections of the
winding spacings.

It will be noted, upon close analysis, that, the
triode | being cathode loaded and the triode 2
anode loaded, the former is subject to degenera-
tion and the latter is not so subject. The gains
of the triodes § and 2 are noi equal, for that
reason, and the input signals must be compen-
sated accordingly. This feature of the system of
Figure 1 detracts from its utility, in some degree.

Reference is now made to Figure 2 of the draw-
ings, wherein Is disclosed a variation of the spe-
cific embodiment of my invention illustrated in
Figure 1 of the drawings, employing triode vac-
uum tubes { and 2, and having signal input cir~

8 , M
A, C. potential,

s
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The phase of the voltages aeross
the windings 33 and 8¢ are identical, for the rea-
sons provided in the explanation of the system
of Figure i, so that voltage correspondence ex-
tends elong the lengths of the wires forming the
windings 35, 36 to the remote terminals thereof.
Due to the fact that voltage correspondence exists
between every two adjacent points of the wind-
ings 83 and 38, only slight or zero interwinding
current flow takes place by reason of capacities
existing between the windings. Such current fiow
as does take place due to capacitive coupling is,
moreover, rather than e~
cause It tends further to eltminate voltage difier-
ences between adjacent points of the windings 33,
35,

'The argument presented in the previous para-
graph may okviously be duplicated in respect to
windings 3¢ and 38,

Further, the windings 88 and 35 are wound in
bifilar or eguivalent fashion, as are the windings
88 and 36, so that substantinlly 1o leakage induc-
tance exists among the winding pairs 26, 88 and
35, 50.

Since ielly no leakage e eX-
ists between primary windings, the effect of tren-
sients due to leakage inductance, which have been

cuits dup]icating those disclosed in Figure 1, and
t: with the of

fn the article by Sah, ere completely

the clrcuit connechons and operation of the em-
bodiment of my invention there illustrated, ez-
cept that the signal sources §o and So provide
signals of identical magnitude,

35

‘Whereas in the embodiment of my invention

itiustrated in Figure 1 of the d o single

eliminated in amplifiers construcied in accord-
ance with the arrangement of Figure 2 of the
drawings. Likewise because Interwinding capac-
ity currents are radieally rednced, as well as be~
cauge leakage inductance has been substantially
and for other reasons sbove provided,

primery winding iz connected in the cathode iead
of the triode {, and 2 single primdry winding con~
nected in the anode Jead of the triode 2, in the
system of Figure 2 2 more completely balanced
arrangement is provided, whereln the primary cir=
cuit of the transformer T comprises four windings,
one each in the cathode cireuits of the triodes ¢
and 2, and one each in the anode circuits of the
triodes | and 2. The negative terminal of the
snode supply 14 is again grounded, the positive
terminal of one winding 30 being via

40

45

86

the bigh frequency resongui point of the trans-
formers is ralsed by a matter of octaves over the
resonant frequency of transformers capable of
belng constructed at equivslent cost in accords
ance with prior art principles. The radicsl regue-
tion in shunt capacities and leakage induciance,
furthermore,
reduction of response at the higher frequencies,
50 that the amplifier, taken as a whole, provides
an extremely fiat response over a very wide band
of £

the lead 31 to the anode 22 of the triode 2, and a
second winding 38, in series with winding 36,
being connected via the lead 34 to the anode 47
of the triode {. Accordingly, the windings 36 and
33 are connected in push-pull relation to the tri-
odes [ and 2, and pass currents {n alternation if
the triodes | and 2 are biased for class. B opera-
tion,

A further winding, 85, is connected in the cath-
ode lead of the friode {, and 5 winding 38, in
series with winding 35, similarly connected in the
cathode lead of the triode 2. Accordingly, cur-
rent flow In the winding 35 takes place in phase
with current flow in the winding 33, these eur-
rent flows being additive in respect to fux produc-
tion in the core of transformer T. Likewise cuz-
rent flow in the cathade winding 36 is in phase
with current flow in the winding 30, and fux
production responsive to the eurrent flow in the
windings 30 and 3§ is cophasal in the core of the
transformer T. Furthermore, the magnitudes of
the currents flowing in the windings 33 anq 3%
are tcal and the f the
flowing in the windings 30 and 36 are identlcal,
and all the windings 30, 33, 85 and 88 are pro-

55
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Actual examples of emplifiers comprising the
invention flustrated in Pigure 3 of the drawings
have been constructed and found to produce 2 flat
response curve over the band 20-200,000 cycles,
having less than one-half percent distortion, over
the range of frequencies 20 cycles to 20,000 cycles,
inclusive, the conversion eflclency of the ampli-
fier tubes remaining above 50% ovexr this band,
and the total amount of copper ana iron utilized
being equal to or less than s employed in high
grade transformers of comparable price presently
commercially available, the performance of the
Iatter heing far inferior.,

The embodiment of my invention lilustrated
in Figure 3 of the darwings is substantially similar
to that illustrated in Pigure 2 of the drawings,
except that the triodes 8—2 are replaced by

46—4&1, the being
in & novel manner to assure high power conver-
sion efficlency.

It will be reauzed that bcth the amount and
the efween
the cathode and the screen grid of a pentode, or
8 tetrode, are parameters which determine in
Iarge part the power conversion eficiency of the
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tube. Since the cathode potentials of cathode
loaded pentode or tetrode tubes vary with respect
to ground, it follows that if the screen potentials
are fixed with respect to ground the cathode to
screen potentials will vary, and, in general, the
power conversion efficiency of the tubes will he
found to be reduced.

In order to preserve the power conversion effi-
ciency of pentodes and tetrodes when they are
connecied in cathode loaded circuits, 1t is usual
to connect a condenser between the cathode and
the screen grid, and to connect the screen grid
tq pesiiive ancde patential through a resistance.
The obieet of circuit arrangements of this char-
acter is the maintenance of approximately con-
stant potential of suitable value between the
cathode and the screen grid. The total potential
difference between fthe cathode and the screen
grid approximates the potential difference be-
tween the positive and negative terminals of the
power supply for the tube, less the potential drop
due to the current flow in the screen droppiung
resistance and the drop due to D. C. resistance
of the cathode load impedance. It accordingly
follows that the size of the screen grid dropping
resistance varies in inverse proportion fo the
potential difference between the sereen grid and
the cathode, as the resistance is varied. How-
ever, the minimum size of the screen grid drop-
ping resistance is limited by the amount of load-
ing fmposed on the ouiput clrcuit due to this
resistance, so that an ideal solution cannot be
realized, and maximum power conversion from
pentode and tetrode tubes in cathode loaded cir-
cuits likewise cannot be obtained.

The cirouit {llustrated in Figure 8 of the draw-
ing provides a solution to the problem of attain-
ing maximum power conversion from pentode and
tetrode tubes in cathode loaded push-pull smpli-
fier circuits, arranged in accordance with the
present invention, the solution censisting in con-
necting the screen grid 42 of one pentode 40
directly to the 2node A3 of the other pentode 41,
and the screen grid 44 of the other pentode 4!
directly to the anode #5 of the first pentode 40.
"The connection of the screen grid 42 to the anode
43 implies connection of the screen grid 42 to
the terminal 46 of the output transformer wind-
ing 30, which, as has been explained, in connec-~
tion with the embodiment of my invention illus-
trated in Figure 2 of the drawings, is maintained
at the same A. C. potential as is the point 37 of
the winding 35, Since the terminal 37 is always
at the cathode potential of the pentode 49, like-
wise the terminal 46 of the winding 30 is main-
tained at the same A. C. potential as is the cath-
ode of the pentode 48, the D. C. potential exist-
ing between the two points being, however, that
provided by the potential source 14. Accordingly,
as the cathode of the pentode 40 varies in paten-
tial, due to the presence in the cathode circuit
of the current carrying winding 38, the potential
of the screen grid #2 varies in precisely similar
manner. "The difference in potential is thus main-
tained t, thereby i 1
power conversion from the pentede.

A precisely similar explanation may be pro-
vided in connection with the pentode 41, this
explanation, however, being sufficiently abvious.

1t will be further realized that while I have dis-
c'osed tubes 40 and 41 as pentodes, that precisely
the same principles and mode of operation and
circuit connections may be employed in conjunc-
tion with the use of fetrodes, including beam
power tubes, in the elrcuit of Figure 3.
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Reference is now made to Figure 4 of the draw-
ings, which illustrates basically a system of the
same character as that ilustrated in Figure 2 of
the drawings, there being added to the latter,
however, controllable degenerative feed-back,
still further to reduce the distortion of the am-
plifier, or in the alternatlve to necessitate re-
duced driving signal, as compared with the em-
bodiments of Figures 2 and 3. In the system of
Figure 4 of the drawings, controllable degenera-
tive feed-back is derived by connecting across the
primary windings 35 and 3¢, which are connected
int the cathode leads of the tvicdes { and 2, a re-
sistor 50, the latter then having developed across
itself a voltage which is & replica of the output
voltage available af the ouipuf of the trans-
former T, A peir of variable taps 3¢ and 52 are
provided, taps 51 and 52 being located generally
ob points equidistently loceted with respect to
cathodes 20 and 19, respectively. Accordingly,
by varying the positions of the iaps 51 and §2
the total feed-back voltage to each of triodes |
and 2 may be varied. The voltage deriving from
the tap 51 is applied to contro) electrode 6, via
a coupling condenser 53, which is connected to
one terminal of the secondary winding 56 of an
input transformer S, which is supplied with ex-
citing voltage via a primary winding 5% excited
from the source of signal voltage A in conven-
tiona] fashion, The remaining terminal of sec-
ondary winding 956 is connected o the control
electrode § of the triode 2. While the contro!
electrode 6 is being raised in potential and the
tube 2 is conducting, the potential of the tap 51
decreases in potential due to cutrent flow in
vesistor §0 in the direction of the arrow I, the
cathode 20 of the triode 2 being then at higher
potential than is the cathode 19 of the triode f.
In a similar reanner, the tap 82 ntroduces a de-
generative voltage into the grid of the triode 4
via a caupling condenser §da which is connected
in series with one terminal of the secondary wind-
ing 58 of the transformer S, the other terminal
of winding 58 heing connected to the controi elec~
trode 5 of the triode |. Grid leaks for triodes !
and 2 are provided by resistors §9 and 54, respec-
tively connected in series with bias source §5.

It will be clear, then, that, by moving tap 5
to cathode 19, and tap B2 to cathode 26, zero de-
generation will be introduced into the system, and
that degenerative vollages having values as great
as twice those normally avallable In the system
of Figure 2 may be made available by establish-
ing tap 51 at cathode 19, and tap 52 at cath-
ode 20,

Reference is now made to Figure § of the draw-
ings wherein is illustrated a variation of the sys-
tem of Figure 1 of the drawings. Specifically, in
the system of Figure 1, & primary winding 8 of
a_transformer T is connected in serles with o
cathode circuit of a first triode { and a further
primary winding 24, which is wound in bifilar re-
lation to the primary winding 18, is connected
in series with the anode circuit of a further triode
2, so that effectively the triode f is'cathode load<
ed, while the triode 2 is plate loaded.

In the system of Figure 5 of the drawings the
tube | is cathode loaded by means of the primary
winding 18 of transformer T. Input signal from
the secondary 60 of an inpub transformer S is
applied between the control electrode § of the
tube | and the terminal BT of winding I8 via Ieads
85 and 66. However, the fube 2 is driven in a
different manner in Figure 5 than is the triode
2 in Figure 1, the tube 2 being effectively cathode
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loaded fn the system of Figure 5. To this end
the primary winding 21 is connected in the anode
circuit of the tube 2, in a similar manner to the
connecions previously deseribed in conjunction
with Figure 1 of the drawings. A further signal
is applied in opposite phase to the first mentloned
input signal via 8 winding $2 connected he-
tween the anode 22 of the tube 2 and the con-
trole electrode 8 of the tube 2 via the usuai block-
ing condenser C.

Accordingly, the input circuit of tube § sees
two alternative voltages, one originating in the
primary winding 63 and which is inductively
transfetred to the secondary winding &8, the sec-
ond constituting a degenerative feed-back volt-
age deriving from the primary winding 8 of the
output iransformer T by virtue of the connection
of the terminal 84 of the secondary winding §6
via the lead 89, 56 %o the negative terminaj §7
of the primary winding 48,

The input circuit of tube 2 sees two alternating
voltages, one orizginating In the primery winding
88, which is inductively transferred to the sec-
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ings 85, 36 may be coupled directly fo a load, the
trensformer T acting es an auto-transformer.

I have disclosed a variety of push-pull ampli-
fler systems, employing each s bifilarly wound
transformer, and have illustrated in the
schematic clrcult dlagrams, Figures 1-6, conven-
tlonally, bifilaxly wound transformers. I have,
however, recited that transformer primery wind-
ings equivalent to bifilar windings may be em-
ployed.

Reference is accordingly made to Figures 7-10
inclusive, of the drawings, wherein Is illustrated
a ity of different ¢r winding con-

which may e in the circults
of Figures 1-6, inclusive, Figure 7 illusfrating a
transformer having four primary windings, bi-
filerly wound, and associated with & common gee-
ondary winding, Figure 8 illustrating o possible
substitute for the system of Figure 7, employing
sugerposed coils in place of bifllarly wound coils,
ths transformer of Figure 8 helng in some re-
specis equivalent to the fransformer of Flgure 7,
when the 3 i are properly in a

ondary winding 62, the second a de-
generative feed-back voltage, deriving from the
primary winding 21 of output transformer ¥, and
degenerative by virtue of, the fact that winding 2/
is effectively in the cathode circuit of tube 2,
varying the potentinl of cathode 20 with respect
to that of anode 22, in one phase, while the po-
tential of control electrode 6 is being varied in the
same phase with respect to anode 22 by the volt-
age in secondary 62. Looked af In another way,
the input voltage for tube 2 consists of the volt-
ages of windings 2( and 82 in series. So, when
the positive half cyele of voltage in winding 82 1s
in the direction of the arrow F, the potential of
the control electrode 6 with respect to cathode 20,
2ssuming the latter fixed, increases positively,
‘This results in an inorease of plate current,
Wwhich increases the voltage across coil ‘21, re-
sulting in a voltage rise across winding 21 in the
direction of arrow E'. It will be obvious that,
as seen from the erid-cathode cireuit of tube 2,
voltages B and E’ are oppositely directed and
hence that voltage E’ is degenerative.

Additionally, if & screen grid 67 is provided in
tube I, this may be connected directly to anode
22 of tube 2, and will be maintained at a constant
potential with respect to cathode (9 of tube
equal to the voltage of source I8, because the
same A.-C, voltages exist at all times on anode
22 and on cathode 19, If desired a capacitor, C,
may be connected from cathode 19 to anode 22,

Similarly, a screen grid 88, provided in tube 2,
may he connected directly to the positive terminal
of source {4, and will be maintained at an A-C.
voltage difference from the potential of cathode
20 equal to the voliage of source 14, since no im-
pedance exists between scréen grid 68 and eath-
ode 20,

It will be realized that the tubes { and 2 in
Figure § of the drawings may then be triodes,
tetrodes, pentodes, beam power tubes, or the like,
as desired, and further that in the various em.
bodiments and examples of my invention, illus-
trated and described herein, the specific char-
acter of the el i ifier tubes
may be selected at will from among the various
types available, 1. e, triodes, tetrodes, pentrodes,
beam power tubes and the like.

The system of Figure § represents a simple
variation of the system of Figure 3, demon-
strating that, if desired, the bifilar primary wind-
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n-pull ampiifier in with
the invention. Figures 8 and 10 ilustrate vari-
ants of the transformer of Figure 7 wherein sep-
arate layers of a single coil are incorporated by
suitable interlayer connections in different pri=
mary windings of a push-pull transformer, pro-

o viding & true approximate equivalent for a bi-

filarly wound transformer,

Referring now more specifically to Figure 7
of the drawings, there is illusitated o core 100
of conventiona) structure having wound thereon
2 coll 189 formed of a plurality of bifitarly wound
layers 102, the winding commencing at point 163
and termingiing ab point 104, Leads 19§, {06
are brought out from the commencement polut
188 of the bifllar winding, to which way be ton-
nected B4 and B— terminals of a voltage supply,
when the transformer s connected in an ampli-
fler circuit. Similarly from the eénd of the wind-
iug, at point 188, are brought out two terminals
107, 108, ink for i , 10
the plate or anode Pi of one amplifier tube of a4
push-pull amplifier, and the eathode C2 of the
Temaining tube,

A duplicate coll 110 is wound on the same
core beside the coll 407, having terminals 144 and
112 for connection respectively to B+ and B—
terminals of the voltage supply, and terminals
113, 418 for connection respectively to the
cathode Cf of the one tube and the anode P2 of
the remaining tube. .

It will be noted that the respective windings
are wound in cpposite winding senses with re.
spect to the core 188, for reasons explained here-
inabove, and briefly because the coils 601 and §10
ere intended to produce flux in push-pull, or al-
ternately In opposite directions in the core g0,

Secondary windings 185, 116 ere superposed
on the primary coils {8( snd i18, respectively,
and are shown connected In series by s lead 17,
1t being understood that parallel connection is
equally feasible,

In the broadly or approximately equivalent 5y8-~
tem of Figure 8, bifilar windings are dispensed
with, and four primary windings are provided,
numbered 120, 121, §22 and 123, The superposed
windings 120 and {2{f are wound in mutually
identical sense, and the superposed windings {232
aud 123 in identical sense, the Iatter two oppa-
sitely to the first mentioned two windings, and
the winding pairs are arranged adjacently on the
core. The initial point 124 of winding 20
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may be connected to terminal B— and the ter-
minating peint 125 of winding 12! to terminal
B+, of a plate voltage supply source, by 8p-
propriate terminals provided, and the terminal
points 124 and 125 being thus joined by a path
of negligible A.-C. impedance remain at. iden-
tica)} A.~C. potential. The terminal point (26 of
winding 120 and the initial point (27 of wind-
ing 021 are arraneed to be in close juxtaposition,
and are joined by & condenser K{, which serves
to maintain the points 126 and {27 at identical
A.-C. potenilais.

The terminal point 128 may be connected io
eathode, €2 and the terminal 127 to anode Pi.

The coit 122 may be similarly arranged, ter-
minel (28 being connected to B~ terminal 128
of coil {23 to B+, and terminals 138 and (3!
joined by a condenser K2, so that the terminals
of palr {22, 12§ and the terminals of palr {30,
134 are at identical A.-C. potentials, Terminal
$30 may be connected o cathode C4 and termi-
nal 13§ to anode PZ, of the tubes of the ampli-
fier employing the transformer. The secondary
winding 132 may be arranged as in the embodi-
ment of Figure 7 of the drawings,

It will be realized that leakage inductance, in
the case of the emabodiment of my invention {lius-
trated in Figure 8, will be greater than in the
cage of the embodiment of Pigure 7. However,
the transformer of Pigure 8 may concetvably
be more economically constructed than the trans-
former of Figure 7, and may prove desirable for
that reason, despite its relatively pcorer per-
formance,

In Figure 9 of the drawings is iliustrated a
further modification of the system of Figure 7,
wherein the effect of a bifilar coll s attained by
winding the respective primary windings which
are desired to be unity coupled, in successive
layers, and joining the layers thereafier by
means of suitable leads. Having patticular ref-
erence to a transformer suitable for use in the
amplifier system of Figure 2, for example, the
winding 29 may comprise the winding layers 141,
142, 143, 148, |45, 186, etc., and the winding 30
the alternate layers 147, {48, (4§, 150, 16¢ . . .
The terminal point of Jayer 141 may be connected
to B— and its other end point joined by lead 150
to an adjacent end point of iayer |42, the layers
141 and (42 being wound in the same direction
and current in each turn of both layers {44 and
42 flowing in the same sense, to praduce mufu-
ally additive flux in the core. The process of
layer interconnection is continued to the end of
the winding, the winding layers 141, 142, 143 . ..
being thus connected in series. The alternate
layers, 147, 148, |49 . . . are likewise connected
in mutual series relation by leads I6{, and 2
secondary winding 83 may be superposed on the
primary windings, in conventional fashion. The
terminal points of the outermost pair of adjacent
winding layers may then be brought out to anode
Pl and cathode C2, respectively, ~

A similar pair of primary windings, 164 and
185 may be provided on the core, adjacent to the
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pedance provided by the voliage source B4 and

—, that the potentials of adfacent turns of
each pair of layers Is ideally at identlcal A.-C.
potential. To compensate for any depariures
from ideal conditions, brought about by wind«
ing irregularities and the like, I may intercon-
nect the ends of the windings by means of a
large condenser K, which establishes the ends of
the windings at identical A.-C, potential,

Figure 10 illulstrates 2 winding sequence which
approaches that of the sequence provided in the
embodiment of Figure 8 of the drawings, the
winding being laid in suceessive layers, 170 which
are left mutuelly unconnected when the coil is
wound. The fArst, fourth, fifth, eighih, ninth,
twelfth . . | layers are connected in sevies hy
leads 161 to provide one winding; the second,
third, sixth, seventh, tenth, eleventh . . . layers
are connected in series by leads 162 to provide
thie other winding. The Initial points of the first
and second layer may he connected respectively
to the B+ and B— terminals of a voléage sup-
ply, and the two outermost windings (the eleventh
and twelfth layers of a twelve layer winding, for
example), connected to the cathode, C2, of one
vacuum tube and the anode, Pi, of z further
vacuum tube of a push-pull amplifier arranged
in accordance with the invention. The latter two
terminals may be connected across 2 condenser
K to assure that the same A.-C. potential exists
at these terminals, as in the transformer arrange-
ments of Figures § and 9, inclusive. The upper
windings may be duplicated to provide two pairs
of bifffarly wound equivalents,

It will further be realized, while the trans-
formers illustrated in Figures 7, 9 and 10 ap-
Proach retatively clogely to the ideal, or bifilarly
wound transformer, thab the embodiment of
Figure & is at best a very rough approximation,
and, while operatwe, operates but 1mnertect]y in
circuits arranged in accordance with hhe inven-
fion, and s not recoramended except in cases
where other considerations than excellance of
performance are primary.

Tt will further be realized that furtber variants
of the transformers illustrated in Tigures 7, 9
and 10 may be resorted to without departing

- from the true scope and spirit of the invention,
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which requires the provision of unity coupled
transformers, for best performance, and which
may employ any type of unity coupled transform-
ers having the requisite windings, and which are
known or which may become known to the art.
Consideration of the system of Figures 2, 3, 4
and 6 of the drawings will render evident that
each of the tubes of the amplifiers or modulators
disclosed is operated with negative feedback, since
in each case a primary winding of an output
transformer is connected in a cathode lead of a
tube and the grid-cathode or input circuit is
connected across the winding. Each of the
tubes is, however, also plate loaded, so that part
of the output of each tube derives from its plate
circuit, and part from the cathode circuit.

primary windings 29 and 30, for mn to
the anode P2 and the cathode Cl, and with the
windings 28 and 30 associated a further sccond-
ary winding (64, connected in serjes with sec-
condary winding 183, it being understoad that
parallel connection is equally feasible.

It will be realized, since the windings are ad-
jacent in alternate layers, and since the starting
points of initial layers 41 and 147 are adja-
cent and interconnected by a path. of low im-
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Thereby I provide a pushepull amplifier which
the of both a plate loaded

and a cathode loaded system, simultaneously, in

addition to the other advantages previously dis-

closed, a feature which has not previously been

attainable in push-pull amplifiers useful for wide

band amplification of audio or video signals, or

the like, to my knowledge.

‘While T have various
of amplifiers, or modulators, arranged to employ
to advantage outpus transformers having bifilarly
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wound primary windings, further modifications
may be devised, and re-arrangements and meodi-
flestions of the modifications ilustrated and de~
seribed, resorted to, without depariing from the
true spirit and scope of the inventions, as deflned
in the appended claims.

In particular it will be realized that the vani-
ous embodiments of my invention herein dis-
closed have particular application, though not
exclusive epplication, to class AB and class B
power amplifiers, and their variants, and hence
to utilization as modulators In various systems of
modulation, and particularly to class B plate
modulators.

What I claim and desire to secure by Leiters
Patent of the United States is:

1. A push-pull wide band audio {requency am-
plifler, comprising, a frst electronic amplifier tube
having a first anode, cathode and control elec-
trode, & second electronic amplifier tube havirg
2 second ancde, cathode and control electrode, a
source of ancde voltage baving a positive and a
negative terminal, a magnetle core, first and sec-
ond primary output transformer windings of sub-
stantiaily equel inductance and having each a
high impedance at sald sudlo frequencies, ar-
ranged in bifilar relation about said core, means
for connecting said Arst winding between seid
negative terminal and said first cathode, means
for connecting said second winding between said
positive terminal and sald second anode, $hird
2nd fourtih primary output windings of substan-
tially equal inductance and having each a high
tmpedance at said audio frequencies arranged in
bifilar relation about safd core, means connecting
said third winding between said negative termi-
nal and s2id second cathode, means for connect~
ing said fourth winding hetween sald positive ter-
winal and seid firsh anode, & secondary winding
eoupled substantially equally to said first, second,
third and fourth windings, and a push-pull input
civenit for sald Bast and second electronic ampli-
fier tubes, responsive to 2 wide band audio source
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and having high impedance af audio frequencies
Hnking said core and wound in identical winding
sense, to said first winding
sense, means for connecting one of said further
windings between said positive terminal and said
first anode, means for connecting the other of said
further windings betWeen said negative terminal
and said second cathode, and a push~pull wide
band input circulf for applying a wide band of
2udlo jrequencies to said control electrodes in
push-pull relation, and means. for bilasing said
electronic amplifier tubes for anode current fow
In 2% least one of said tubes f all times in re-
sponse to said signals, :

5. The combination In accordance with claim
4 wherein said first and second electronic ampli-
fler tubes have & first and a second screen grid,
respectively, and wherein Is provided means for
meintaining constant potential between said first
sereen grid and said first cathode and between
said second screen grid snd said second cathode,
during operation of sald amplifier.

6. The combination in accordance with claim
4 wherein sald means for meintaining constant
potentinl between said first screen grid and said
first eathode comprises a direct current connec-
tion between said first screen grid and said second |
anode, and wherein said means for maintaining
constant potential between said second sereengrid
and said second cathode comprises . direct cur-
rent connection between said second screen grid
and said first anode.

7. & wide band amplifier, comprising, a first
amplifier tube having a first cathode cireuit and
@ 8rst anode cireuit, a second amplifier tube hay-
ing a second cathode cireuit and a second anode
clreuit, an outpuy transformer having o magnetic
core, a frs palr of unity coubled primary wind-
ings and & second pair of unity coupled primary
windings, both Hnking said oore, Mmeans for con-
necting one of said Arst pair of windings in said
frst anode circuit and the other of said fist pair
of windings in said second cathode circuit, means

or

for driving said control elect: with
rhased wide band audio voltages.

2. The combination in accordance with claim 1
which includes means for blasing said amplifier
tubes for class B operation.

3. The combination in accordance with claim
1 wherein said first amplifier tube comprises a
first screen grid, and wherein said second ampH-
fier tube comprises a second screen grid, means
for connecting sald firsh screen grid directly to
sald second anode end means for connecting said
second screen grid directly to said first ancde,

4. A push-pull wide band audio frequency am-
plifler, comprising, a frst electronic amplifier
tube having a first anode, cathode and control
l 2 second tube hav-
ing a second anode, cathode and control electrode,
2 source of anode potential having & negative and
& positive terminal, an output transformer having
a magnetic cere, multiturn primary windings of
substantially equal inductance and having high
¥ at andio f ies linking said core
and coupled to said first and second bubes, said
primary windings comprising e least two closely
coupled windings wound in identical winding
sense, means for connecting one of said windings
between sald negative terminal and said first
cathode, means for eonnecting the other of sald
windings between said positive terminal and said
second anode, sald primary windings compris-
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ing at least two further closely coupled multi- -
s h

urn of

1 one of said second pair of primary
windings in sald second anode ‘circuit and the
other of said second pair of primary windings in
sald first cathode cireuit, a load circuit coupled
substantally equelly to all said primary wind-
ings, means for biasing said amplifier tubes to
provide current flow in at least one of seid tubes
in response to any finite signal, and a wide band
input circutt connected in push-pull relation to
said control electrodes for applying said wide
band of signals thereto,

8. An amplifler for amplifying a wide band of
signals with essentially fiat Tesponse, comprising,
& first electronic ampiifier tube having a first
anode, cathode and control electrode, a second
electronic amplifier tube having a second anode,
cathode and control electrode, & source of anode
voltage having a positive and a negative termi-
nal, a magnetic core, iirst and second primeary
cutput windings arranged in unity coupled rela-
tion about said core, each of said windings hav-
ing an impedance at the low end of said band.
which is of the same order of magnitude as the
internal resistance of one of said tubes, means
for connecting said first winding between said
negative terminal and said first cathode, means
for connecting safd second winding between said
Dbositive termina] and said second ancde, third
and fourth primary output windings arranged in
unity coupled relation about said core, said third
and fourth primary output windings each sub-

2n i

equal

is one of said
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first and second primary windings, means con-
necting said third winding between said negative
terminal and said second cathode, means for con-
necting sald fourth winding between said posi-
tive terminal and sald first ancde, an untuned
joad circult coupled to sald first, second, third
and fourth windings equally, an input circuit
coupled in push-pull relation to said first and
second control electrodes for applylng to said
control electrodes in push-pull relation said wide
band of signals, and means for biasing sald am-
plifier tubes for operation with anode current
flowing in at least one of said amplifier tubes at
all times in response to sald signals.

9. The combination in accordance with claim
8 wherein each of said first and second amplifier
tubes comprises & further control elecirode,
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means for connecting sald further control elec-
trode of said first amplifier tube to sald second
anode over s path of negligible impedance, means
for connecting sald further conirol electrode of
5 sald second amplifier tube to sald first anode over
a path of negligible impedance.

FRANK H. MCINTOSH.
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