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This invention relates to inductance devices.
It is desirable with respect to certain types of
inductance devices that a high impedance be
obtained with one distribution of current in the

5 windings and a low impedance be obtained with
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another distribution. It is particularly desir-
able, for example, in the instance of the in-
ductance device associated with the output cir-
cuit of push-pull vacuum tube modulators, that
the ratio of the series alding impedance of the
windings to the parallel opposing impedance be
large.

An object of the invention is to increase the
ratio of the series aiding impedance to the paral-
lel opposing impedance of the windings of in-
ductance devices.

Ancther object of the invention is to improve
the transmission efficiency of inductance devices
used to inductively connect two electrical cir-
cuits. :

According to a feature of the invention, thin
sheets of conductive material such as copper
foil are disposed between each two adjacent lay-
ers of winding of an inductance device being
50 arranged, in a manner to be later described
in detail, that they tend to further decrease the
impedance corresponding to the low impedance
distribution of current in the windings and yet
have little or no effect on the impedance corre-
sponding to the high impedance distribution in
the windings.

A full understanding of the invention may he
gained from a consideration of the following de-
tailed description when read in connection with
the appended drawings in which:

Fig. 1 shows a modulator circuit of a type
with which the invention may advantageously
be used;

Fig. 2 shows in partial section the application
of the invention to an inductance device;

Figs. 3 and 4 are enlarged schematic views of
the inductance device shown in Fig. 2; and

Figs. 5 and 6 are graphs showing the results
of tests performed upon two inductance devices,
one of which was provided with the arrangement
contemplated by this invention.

Referring now to Fig. 1, the circuit of a push-
bull modulator is schematically illustrated which
may be of the type deseribed in Patent No.
1,615,878, issued July 3, 1928 to H. S. Black. Tn-
cluded are a pair of three-electrede electron dis-
charge tubes ! and 2. - An input circuit compris-
ing two parallel branches, one branch including
common path 3 and individual path 4 and the
other branch including common path 3 and in-

dividual path 5 is connected between the fila-
ments and grids of the two tubes.

An incoming line 6 is associated with the mod-
ulator input circuit through a transformer 7.
The other terminral of the line § may be associ-
ated with a source of signaling variations, not
shown. A source of sustained high frequency
waves 8 is also connected to the input circuit of
the modulator across the incoming line 6 by
means of a coupling coil 9.

The circuit illustrated is of the type in which
modulation is produced in the input circuit of
the modulator by the action of an impedance
included therein. Such an impedance may be
represented by high resistance elements 10 and
{ included in the input paths 4 and §, respec-
tively. This method of producing grid current
modulation is disclosed in U. 8. Patent 1,699,711,
issued January 22, 1929 to =, Peterson, and need
not be here described in detail.

The modulator output circuit which comprises
two parallel branches, one branch including
common path {2 and individual path 18 and the
other branch including common path {2 and in-
dividual path {4 is connected between the fila-
ments and plates of the tubes f and 2. A battery
15 and choke coil 15 are connected in the com-
mon path 12 to supply a constant space current
to the two tubes. An outgoing line 17 is associ-
ated with the modulator by means of a trans-
former 18, the primary of which is included in
the common output path {2. The condenser 9
may he included in series with the primary wind-
ing of transformer {8 to prevent the flow of di-
rect current through it.

It will be seen from the above that carrier waves
from the source 8 are differentially impressed
upon the respective control elements of the tubes
t and 2, and that at the same time speech cur-
rents or other modulating waves from the line 6
are similarly impressed upon the said control
elements. According to the well known action
of grid current modulators, these waves are com-
bined in the tube input circuit, and the combina-
tion frequencies, together with the unmodified
components, appear in the tube output circuit,

The arrangement of this modulator is such
that the unmeodified wave components are bal-
anced out in the output circuit of the modulator,
and only the side bands produced by modulation
are transmitted. To assure an effective balance
inductance coil 20 is included in the plate cir-
cuit of the modulator.

The inductance coil 20 included in the output
circuit of-the balanced moduiator comprises two
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windings 22 and 23 connected between the com-
mon path 12 and the individual path {3, and
between the common path (2 and the individual
path i4, respectively. The windings of this coil
are connected in the circuit in such a way that
they act in series aiding as to the wave com-
ponents which arve differentially impressed upon
the tube input circuit, and hence offer a high im-
pedance to the passage of these waves. The
windings 22 and 23 of coil 28, however, are con-
nected in parallel opposing relation as to the
sidebands produced by modulation, since the side-

band components flow between the plate and the

Alament in the same direction in each branch of
the divided circuit, and these components alone
appear in the common path {2 of the plate cir-
cuit. Since the outgoing line {7 is coupled to
the common path 12 in which only the sideband
components are flowing, it is evident that the
sideband energy alone is transmitted to the line.

It is desirable therefore that the impedance of
the windings of inductance 28 be as small as
possible with respect to the parallel-opposing
distribution of currents, i. e., the paths provided
for the sidebands produced by modulation, and
yet a high impedance should be presented for
the series-aiding distribution of current, 1. e,
the path provided for the wave components dif-
ferentially impressed upon the tube input cir-
cuit.  Tn order to increase the ratio of these im-
pedances the inductance 28 is constructed as
shown in Fig. 2.

Referring to Fig. 2, inductance 20 comprises
two windings 22 and 28 wound on shell type
core 25. Strips of conductive mafterial, such as
copper foil, 26, 27, 28, 28 and 36, are disposed
between adjacent layers of the windings while
paper strips may also be placed between the lay-
ers in the usual manner if desirable. The ends
of each conductive strip are either insulated or
spaced from one another in order to prevent
formation of short-circuited turns.

The conductive strips are so disposed that they
are, so far as practical, parailel to the flux lines
set up by currents passing through the series-
aiding path of the windings, i. e., the path pro-
vided for the wave components differentially im-
pressed upon the tube input circuit shown in
wg, 1. TFig. 3 shows, in a schematic manner,
the. relationship of the strips 25, 27, 28, 29 and
30 to the lines of flux set up by the series-aiding
current distribution in the windings. As shown,
the flux lines do not tend to cross the conductive
strips due to their parallel relationship there-
with and are not therefore affected to any ap-
preciable extent by the presence cf the con-
ductive strips. In other words, so far as the
series-aiding path is concerned, the character-
istics of inductance 28 are not appreciably
changed by the provisicn of the strips of .con-
ductive material between the layers of windings.

Now, in general, the positions of the flux lines
in space change when the current distribution
in  the windings changes so that the direction
of the fiux lines set up by the currents passing
through the parallel-oppesing path of the wind-
ings, ‘1. e, the path provided for the side-
band. produced by modulation, is, in general,
perpendicular to the direction of the se-
ries-aiding flux shown in Fig. 3. The parallel
opposing flux lines are therefore set up in such a
direction that they tend to cross the conductive
strips 28, 217, 28, 28 and 38. As shown in Fig. 4
eddy currents (represented by:the dotted lines)
are set up in the conductive strips as a result of
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the action of the flux lines.  The flux lines are
largely suppressed by these eddy currents.

As g result of the cumulative effect of the eddy
currents set up in the conductive strips dispozed
bhetween the layers of winding, the field set up
by the currents of the parallel-opposing path is
largely suppressed. This suppression of flux re-
sults, in turn, in a substantial reduction of the
impedance of the parallel-opposing pati.

Tt is apparent, therefore, that the provision of
the means contemplated by this invention re-
sults in a material reduction in the impedance
of inductance 23 with respect to the parallel-
opposing path through the windings and yet has
no appreciable effect on the impedance of the
series-aiding path.

The effect, as determined by actual observa-
tion, of the provision of conductive layers, In ac-
cordance with this invention, upon the impedances
of the series-aiding and  the parallel-opposing
paths of an inductance device is represented by
the curves of Figs. 5 and 6. -

The data from which these curves were com-
puted was ohtained by measuring  the imped-
ances; at various frequencies, of two coils, one;
hereafter referred to as “Coil A”, having only
interleaving paper between the layers of windings
while the other, hereafter referred to as “Coil B”,
was provided with strips of copper foil disposed
between the layers in accordance with the method
described above.

By referring to Fig, 5, it is apparent that the
conductive strips had no effect on the series-aid-
ing impedance, the curve for the series-aiding
impedance of the coil provided with cenductive
strips (Coil B) coinciding throughout with the
series-aiding impedance curve of the coil pro-
vided with interleaving paper only (Coil A).

It is apparent from an examination of Fig. 6,
however, that the parallel-cpposing impedance
has been reduced materially by provision of the
conductive strips. For example, it is shown that
at a frequency of 80 kilocycles the parallel cppos-
ing impedance of Coil B is approximately 680
ohms less than that of Coil A. It is apparent also
from Fig. 6 that the relative decrease in the paral-
lel-opposing impedance becomes greater as the
frequency increases. . The invention is more effec-
ive at carrier and higher frequencies because of
the greater shielding efficiency of the conductive
strips at these higher frequencies. It has been
observed, further, that the effectiveness may be
increased.somewhat by increasing the number of
layers of windings or by increasing the thickness
of the conductive strips.

While cne. particular application has heen se-
lected for detailed description, the invention is
not, of course limited to the particular embodiment
described, it being intended to limit the scope of
the invention only as indicated by the claims an-
nexed hereto. . It has keen found, for ezample,
that in the instznce of inductance devices used
for coupling electrical circuits, particularly out-
put transformers used with push-nuil medulator
and demodulator circuits, the transmission effi-
ciency is materially improved by the provision of
conductive strips disposed between the layers of
windings in accordance with the invention.

It will be apparent, further, that the invention
provides a means for improving the effective high
frequency coupling of windings. For example,
an improvement in the ratio of series-opposing to
series-alding inductance may be obtained by the
use of conductive strips in a manner similar to
that described.
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This method of improving the effective coupling
is believed to be superior to the usual methods of
coupling windings closely as it has been found
that the provision of the conductive strips does
not increase the capacity effects of the coil mate-
rially since the surfaces, to a rough approxima-
tion, usually cennect points of equal electrostatic
potential. The close association of the turns of
the windings necessarily involved in the usual
methods of close coupling, however, often results
in increasing the distributed capacities of the
windings beyond permissible limits.

What is claimed is:

1. In an electric cireuit including an energy
transferring device, an input circuit and an out-
put circuit for said device, said output cireuit
comprising two parallel branches each branch
including a common path and an individual path,
an inductance device having two windings, each of
said windings having an individual terminal and
a, comumon terminal, each individual terminal be-
ing connected to an individual path and the com-
mon terminal being connected to the common
path, means for so energizing the device that cur-
rent is produced in the output circuit, layers of
conductive material so disposed between the in-
dividual layers of each winding of the inductance
device that they are in general parallel to the fiux
set up in the windings by the currents passing
from one individual terminal through the two
windings in series to the other individual terminal.

2. In an electric circuit including an energy
transferring device, an input circuit and an out-
put circuit for said device, said output circuit
comprising two parallel branches each branch in-
cluding a common path and an individual path,
an inductance device having two windings, each
of said windings having an individual terminal
and a common terminal, each individual terminal
being connected to an individual path and the
common terminal being connected to the common
path, means for so energizing the device that
current is produced in the output circuit, layers
of conductive material so disposed between the
individusl layers of each winding of the in-
ductance device that they are in general parallel
to the flux set up in the windings by the currents
passing from oneg individual terminal through the
two windings in series to the other individual
terminal and at an angle to the flux which the
currents passing from the common terminal
through the windings in parallel to the individual
terminals tend to set up.

3. In an electric circuit including an energy
transferring device, an input circuit and an cut-
pui circuit for said device, said output circuit
comprising two parallel branches each branch
including a common path and an individual path,
an inductance device having two windings, each
of szid windings having an individual terminal
and s common terminal, each individual terminal
heing connected to an individual path and the
common terminal being connected to the common
path, means for so energizing the device that
current is produced in the output circuit, means
disposed between the individual layers of each
winding for decreasing the impedance thereof
with respect to currents in the output circuit
passing from the commen terminal through the
two windings in parallel to the respective indi-
vidual terminals.

4. In an electric circuit including an energy
transferring device, an input circuit and an out-
put circuit for said device, said output circuit
comprising two parallel branches each branch

3

including a common path and an individual path,
an inductance device having two windings, sach
of said windings having an individuel terminal
and a commeon terminal, each individual terminal
being connected to an individual path and the
common terminal being connected to the commen
path, means for so energizing the device that cur-
rent is produced in the output circuit, means
disposed between the individual layers cf each
winding for decreasing the impedance th

with respect to currents in the cutput circuit

O

ing from the commen terminal through t

fect on the high-frequency impedance cf the
windings with respect to currents in the cutput
circuit passing from one individual terminal
through the two windingzs in series to the other
individual ferminal.

5. In an electric circuit, an inductance device
having two windings, each winding having an
individual terminal and a common terininal, an
energy transferring device having an input circuit
and an output circuit, said output circuit com-
prising two parallel branches each branch includ-
ing a ccmamon path and an individual path, eac
individual path bsing connescted to one of said
individual terminals and said common path being
connected to said common terminal, means for $0
energizing the energy transferring device that
currents flow in the output circuit, means for
improving the eflective coupling between the
windings comprising layers of conductive mate-~
rial so disposed between the individuel layers of
wirdings that the impedance of said windings
with respect to currents in the output circuit
passing from the common terminal through the
two windings in parallel is reduced, said means
having no appreciable effect on the high fre-
quency impedance of said windings with respcet
to currents in the output passing from one indi-
vidual terminal through the two windings in series
to the cther individual terminal.

8. An inductance device of the type having two
windings each winding having an individual ter-
minal and a common terminal, a “push-pull” cir-
cuit comprising fwo electron discharge devices,
an output circuit for seid electron discharge de~
vices comprising a common path connecting the

common cathode connection of the two discharge °

devices to the common terminal of said induc~
tance device and two individual paths each con-
necting the anode of cne discharge device to cns
individual terminal, means for so energizing zaid
discharge devices that currents flow in the output
cireuit, means dispcsed between the individual
layers of the two windings for reducing the im-
pedance thersof with respect to the currents in
the outpus circuit passing from the comamon cath-
ode conmection to the common ferminal and
through the windings in parallel to the respective
individual terminals.

7. An inductance device of the type having two
windings each winding having an individual ter-
1 and a common terininal, a “push-puil” cir-
cuit comprising two electron discharge devices,

x output circuit for said electron dischargs de-
vices comprising a cominen path connecting the
common cathode connaction of the two discharge
devices to the common terminal of said induc-
tance device and two individual paths each con-
necting the anods of one discharge device to one
individual terminal, means for so energizing said
discharge devices that currents flow in the outpub

. s L3
circuit, layers of conductive material so disposed
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between the individual layers of each winding -

that they are in general parallel to the flux set
up in the windings by the currents in the output
circuit passing from the anode of one discharge
device through one individual path to one indi-

-vidual terminal, through the two windings in
series to the other individual terminal and through -

the other individual path to the anode of the
other discharge device.

8. An inductance device of the type having two
windings each winding having an individual ter-
minal and a commeon terminal, a “push-pull” cir-
cuit comprising two electron discharge devices, an

- output circuit for said electron discharge devices
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comprising a common path connecting the com-
mon cathode connection of the two discharge de-
vices to the common terminal of said inductance
device and two individual paths each connecting
the anode of one discharge device to one indi-
vidual terminal, means for so energizing said dis-
charge devices that currents flow in the outrut
circuit, layers of conductive material so dispesed
between the individual layers of each winding that
they are in general parallel to the flux set up in
the windings by the currents in the output circuit
passing from the anode of one discharge device
through one individual path to one individual
terminal, through the two windings in series to
the other individual terminal and through the
other individual path to the anods of the other
discharge device and at an angle to the fiux which
the currents passing from the common cathode
connection through the individual path to the
individual terminal and through the two windings
in paralle! tend to set up.

9. An electric system comprising divided input
and output circuits, means for supplying differ-
ent waves to said input circuit, means in said
input circuit for combining said waves to pro-
duce combination frequency components of the
supplied- -waves, an inductance device having a
plurality of windings in said output circuit offer-
ing 2 high impedance to the unmodified wave
components flowing therein and offering low im-
pedance to the combination frequency compo-
nents flowing in sald output circuit, and means

disposed ‘between the individual layers of wind--

ings for reducing the impedance offered to the
combination frequency components, said means
having no appreciable effect on the impedance
offered to the unmodified wave components.

16. An electric system comprising divided in-
put and output circuits, means for supplying
waves- having different characteristics to said
input circuit, means.in the input circuit for mod-
ulating one of said waves in accordance with the
other, and an inductance device connected in
said cutput circuit in series-aiding as to the tun-
modified wave components and in parallel op-
posing relation as to the sideband produced by
modulation, means dispcsed between the individ-
ual layers of windings of the inductance for in-
creasing the ratio of the series-siding impedance
to the parallel-opposing impedance.

11. A wave translating system comprising in-
pui and cutput circuits, means for supplying
waves of different frequencies to said input cir-
cuit, means included in said input circuit for
combpining said waves to produce combination
frequency components of the supplied waves,
means comprising an inductance device having
& plurality of windings in the ocutput circuit offer-
Ing high impedance to the unmodified wave comi-

- ponents flowing therein of the frequency of each

of the supplied waves and offering low impedance
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to the combination frequency components and
layers of conductive material so disposed between
individual layers of the windings of the induc-
tance device that they are in general parallel to
the flux set up in the windings by the unmodified
wave components flowing therein.

12. A wave translating system comprising in-
put and output circuits, means for supplying
waves of different frequencies to said input cir-

cuit, means included in said input cireuit for

combining ‘said waves to produce combination
frequency compohents of the supplied waves,
means. comprising an inductance device having
a plurality of windings.in the cutput circuit of-
fering high impedance to the unmodified wave
components flowing therein of the frequency of
each cf the supplied waves and offering low im-
pedance to the combinstion freguency Compo-
nents and layers of conductive material so dis-
posed between individual layers of the windings
of the induciance device that they are in general
parallel to the flux set up in the windings by the
unmedified wave components dowing therein and
at an-angle to the flux which the combination
frequency components fowing therein tend to
set up.

13. In a wave translating system, scurces of
waves of different frequency, a space discharge
device having an input and an output or anode
circuit, said sources of waves being coupled to
the input circuit, means in the input circuit pro-
ducing current components therein representing
modulation components of the waves from said
sources, a retard coil having a winding in said
anode cireuit, a second circuit, means to produce
therein modulated current components similar to
those produced in said anode circuit and unmod-
ulated components similar but opposed to those
produced in said anode circuit, said retard coil
having a winding in said second cireuit, said
windings being mutually aiding as to their im-

pedance effects in said anode circuit for unmod-

ulated components and mutually opnosing as to
their impedance effects in said anode circuit for
the modulated components, means disposed, be-
tween the individual layers of windings of the
retard coil for reducing the impedance effects
thereof in said anode circuit for the modulated
components, :

14.-In a wave translating system, sources of
waves of different frequency, a space discharge
device having an input and an output or anode
circuit, said sources of waves being coupled to
the input circuit, means in the input eircuit pro-
ducing current components therein representing
modulation components of the waves from said
sources, a retard coil having a winding in said
anode circuit, a second circuit, means to pro-
duce therein modulated current components
similar to those produced in said anode circuit and
unmodulated components similar but opposed to
those produced in said anode circuit, said retard
coil having a winding in said second circuit, said
windings being mutually aiding as fo their im-
bedance effects in said anode circuit for unmodu-
lated components and mutually opposing as to
their impedance effects in said anode circuit for
the modulated components, means disposed be-
tween the individual layers of windings of the re~
tard coil for reducing the impedance effecis there-
of in said anode circuit for the modulated com-
ponents, said means having no appreciable effect
on the impedance effects thereof in said anode cir-
cuit for the unmedulated components.

15. In an electric circuit, an ‘energy trans-
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ferring device having an output circuit compris-
ing two parallel branches each branch including
a common path and an individual path, an in-
ductance device having a plurality of windings,
one winding connected between the common path
and one individual path and the other winding
connected between the common path and the
other individual path, the windings being so con-
nected and arranged that they act in series aiding
with respect to currents flowing from cne indi-
vidual path through the windings to the other in-
dividual path and in paraliel opposing to currents
flowing from the common path through the re-
spective windings fo the individual paths, means
for so energizing said transferring device that
currents flow in the output circuit, means, com-
prising layers of conductive material dispcsed he-
tween the individual layers of said windings, for
reducing the impedance thereof with respect to
their parallel cpposing action.

16. In an electric circuit, an energy transferring
device having an output circuit comprising two
parallel branches each branch including a com-
mon path and an individual path, an indiuciance
device having a plurality of windings, one wind-
ing connected between the common path and
one individual path and the other winding con-
nected between the common path and the other
individual path, the windings being so conhected
and arranged that they act in series aiding with
respect to currents flowing from one individual
path through the windings to the other individual
path and in parallel opposing to currents flowing
from the common path through the respective
windings to the individual paths, means for so
energizing said transferring device that currents
flow in the output circuit, means, comprising
layers of conductive material disposed between the
individual layers of said windings, for reducing
the impedance thereof with respeet to their
parallel opposing action, said means having no
appreciable effect on the high frequency im-
pedance thereof with respect to their series aid-
ing action.

17. In an electric circuit, an energy transfer-
ring device having an output circuit compris-
ing two parallel branches each branch includ-
ing a common path and an individual path, an
Inductance device having a plurality of windings,
one winding connected between the common path
and ‘one individual path and the other winding
connected between the common path and the
other individual path, the windings being so con-
nected and arranged that they act in series aid-

5
ing with respect to currents flowing from one
individual path through the windings to the
other individual path and in parallel opposing
to currents flowing from the common path
through the respective windings to the individ-
ual paths, means for so energizing said trans-
ferring device that currents flow in the output
circuit, layers of conductive material so disposed
between the individual layers of the windings
that they are in general parallel to the flux
set up in the windings by the currents passing
from one individual path through the windings
in series to the other individual path.

i8. In an electric circuit, an energy trans-
ferring device having an output circuit compris-
ing two paraliel branches each branch includ-
ing a common path and an individual path, an
inductance device having a plurality of windings,
one winding connected between the common
path and one individual path and the other
winding connected between the common path
and the other individual path, the windings bhe-
ing so connected and arranged that they act
in series aiding with respect to currents flowing
from one individual path through the windings
to the other individual path and in paraliel op-
posing to currents flowing from the common
path through the respective windings to the in-
dividual paths, means for so energizing said
transferring device that currents flow in the
output circuit, layers of conductive material so
disposed between the individual layers of the
windings that they are in general parallel to
the flux set up in the windings by the currents
passing from one individual path through the
windings in series to the other individual path,
and at an angle to the flux which the currents
passing from the common path through the re-
spective windings in parallel to the individual
paths tend to set up.

19. An inductance device having a plurality
of windings, sources of current associated with
the windings, means for so connecting the wind-
ings with respect to the sources of current and
with respect to each other that currents passing
through the windings from said sources set up
two distinctive groups of flux lines, the longer
axis of one group being at right angles to the
longer axis of the other group, and layers of con-
ductive material so disposed between the indi-
vidual layers of each winding that they are in
general parallel to one of said longer axes.

ALBERT G. GANZ.
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