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The suggestion has been made to build high
frequency changers, modulators, and the like
regulated and acted upon by control cur-
rents in such a way that both for the con-
trolling as well as for the controlled cur-
rents, one and the same winding is used. In
this manner, a separate controller winding is
saved, while in addition the whole field is
utilized free from leakage.

The arrangement according to the present
invention offers special advantageous fea-
tures if the modulator or the frequency
changer consists of a high frequency conduc-
tor of the type disclosed by U. S. application
Serial No. 63617, filed October 20, 1925. A
conductor of the sort here under considera-
tion consists of a wire, rod, tape or ribbon,
etc. made of conductive material, preferably
copper, coated with a thin film of ferro-
magnetic material, preferably iron, the said
film or skin being brought upon said conduc-
tor either in the shape of a fine capillary wire
wrapped thereon in one or more layers, or else
in the form of a galvanic deposit, or the like,

5 with, or preferably without, insulation.

Current conductors of the said sort make
it feasible to generate very short waves; they
operate under especially favorable, condi-
tions when in heated state, most conveniently
in the neighborhood of the critical/tempera-
ture of the iron. Fig. 3 shows an arrange-
ment by way of example comprising such a
conductor used in connection with, or as, a
key or telephony modulator, or as a fre-
quency changer,

Other and more specific advantages will

~ be observed in connection with the follow-

40

45

&0

ing specification, claims and
which :—

Fig. 1 shows a simple schematic arrange-
ment,

¥ig. 2, a modification,

Fig. 8, a unit of my device,

¥ig. 4, a different modification using these
units,

Fig. 5, a slightly different arrangement
of the modification shown in Fig. 4,

Fig. 6, an adaptation of Fig. 5, and

Fig. 7 is still a different combination of
units.

drawings in

1, 1924,

Fig. 1 shows, for instance, such a well-
known arrangement comprising frequency
changers or key modulators in what is known
as the rhomb connection. In the showing
of Fig. 1 a winding consisting of four parts,
@, &, a*’, a¥, is passed in the direction &t
%%, by the high frequency currents, and in the
direction Z,, [, by the auxiliary magnetizing
currents, say, currents of low frequency, or,
most conveniently direct current furnished
from a battery &." The direction of the field
of the high frequency currents at a definite
instant are indicated in the figure by the solid
arrows, while the directions of the field of
the direct current are indicated by the
broken arrows.

When using this device as a pure controlling
modulator key or telephony modulator, mod-
ulation or control is effected by the break and
make, or by the variation, of the current fed
in the direction li, ¢ The harmonics of an
even order, especially those of double fre-
quency, set up at the terminals, 7,, l,, are
shorted by means of a condenser.

When the apparatus is used as a frequency
changer, either the terminals &, &2 for the odd
multiple frequencies, or the terminals 4, L, for
the even harmonic frequencies could be used
as the secondary terminals. In this latter
case, the short-circuit condenser C is replaced
by a consuming circuit for the secondary fre-
quency, while battery b is safeguarded by
a choker d. Modulation is produced in this
case either by the aid of the frequency
changer itself, or else by means of a separate
modulation device at any suitable point of the
arrangement. When modulation is produced
by means of the frequency changer itself, con-
ditions may be so chosen according to desires
so that the detuning of the arrangement is ac-
complished either by making or breaking, or-
else by varying the controlling current, If
the apparatus is exclusively used as a fre-
quency changer, the controlling current flow-
ing in axis 4, {, merely serves the purpose

- of setting up at the terminal 7, I, secondary

even frequencies. In this case the exciting
direct current in the sense of the invention is
denoted as the controlling current in so far
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as by its adjustment the desired secondary
frequency of even order can be obtained.

Now, the arrangement as hereinbefore de-
scribed involves a very serious disadvantage;
since the controlling currents must substan-
tially have the same order of magnitude as
controlled currents, it follows that, in view
of the number of turns being identical in the
two current systems, the controlling cur-
rent must have the same order of magni-
tude as the current to be controlled, hence, as
a general rule, it must be comparatively large.
But this requirement is often conducive to
great difficulties: The keying apparatus be-
comes very heavy and allows only of faulty
interruption or variation of the current, not
to mention the fact that the direct current
source of necessity must consist of a machine
of abnormal type giving a large current at a
small voltage. Especially telephoning is
rendered very difficult on account of the re-
quisite size of the speech current.

Now, the present application discloses
means whereby this difficulty can be obviated,
and the controlling current can be reduced
to any desired fraction of the controlled cur-
rent. The idea underlying the invention con-
sists in that the windings are divided into any
desired number of parts which are passed by

the currents to be controlled in parallel, and 94

in series by the controlling currents.

A few examples shall be described to illus-
trate and explain the basic idea of the in-
vention.

In Fig. 2 each of the winding groups I, 11,
TIT is similar to the winding quadrangle Fig.
1. Also the denotations of the terminals of
each group, of the battery, its protective coil,

its parallel condenser, and the directions of q;

the currents and the fields are the same as in
Fig. 1. In the arrangement as shown, the
same is used as a modulator.

The three groups of winding are arranged
in parallel relationship with reference to
high frequency currents flowing through the
common terminals K, K? while they are in
series with regard to the controlling currents
flowing by way of terminals L* L. By-pass
condenser C? blocks the way of the controlling
currents and prevents them from flowing
through the connecting terminals X, forcing
them to pass through the upper sides of the
winding quadrangles. Condensers C? ct
play the identical part with reference to the
lower halves of the said quadrangles. The
condensers C' and C? furthermore serve as
shorts for equalizing the higher harmonics,
especially even multiples. For example, the
harmonics of an even order set up in wind-
ing a* of quadrangle I and in winding @ of
quadrangle IT are neutralized by way of the
corresponding terminals %2, condensers e,
and the junction of terminal K2 The situ-
ation is similar with regard to other Windinﬁ

t

parts with the exception of those united wi
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the end terminals 12, L2, in the case of which
equalization is brought about by condenser
C. The latter, by the way, is not always re-
quired.

If the arrangement shown in Fig. 2 is to
be used also as a frequency changer, it will
be clear that condensers C* as well as con-
densers C? must be preserved in order to shut
off the controlling currents from flowing by
way of K* or K?; but they no longer serve as
an equalizing means for the secondary fre-
quency which is now used as the working
frequency. :

For this purpose, each condenser C* or C*
can have a convenient tuning inductance Z'
and Z?, respectively, connected in series with
it, each of such tuning combinations C* Z* and
C? Z2 being wholly or partly tuned to the pri-
mary frequency, while it offers a practically
complete block for the secondary frequency.
The secondary working frequency can then

be taken off at the end terminals Lt L?, if the

condenser C is replaced by a suitably tuned
consuming circuit. If the terminals K* K*
are finally to be used also as secondary termi-
nals for the odd harmonics, it is advisable to
build the blocking paths or by-passes two-
wave-fashion, that is to say, as systems tuned
both to the primary and the secondary fre-
uency.

The terminals %, k2, or I, I, in this case
play the same part as in the arrangements
previously described. Also in this case, the
controlling currents, such as direct current,
keying or modulation current, or speech cur-
rents, are fed at the terminals [, 1, and from
the same terminals, in case of use as a fre-
quency changer, the higher harmonic fre-
uencies of an even order can be taken off
similarly as in Fig. 1. 'When used as a modu-
lator, the terminals %%, k%, carry the high
frequency currents to be controlled or modu-
fated, and when used.as a frequency changer
they may carry, apart from the currents of
primary frequency, also the currents of
secondary frequency, particularly odd har-
monices, but, if desired, also even harmonics
and quasi-harmonics. In the figure, the con-
ductor is shown approximately bifilar with
reference to the currents flowing in the axis
1, 1, but it could also roughly be bifilar with
regard to the currents of the axis &* k?, or
most preferably with reference to both these
axes, this latter plan being realized by that,
e. g., the conductor structure shown in Fig.
3 is bent straight about the axis {, I, so that
the -terminals #* and %° approach one an-
other. Another plan would be not to bend
the conductor or to bend it not only in the
middle, bifilar-fashion, but bending it zigzag-
fashion at several places.

An approximately bifilar arrangement for
the controlling key and speech currents is
particularly highly favorable for telephony
worl seeing that in this case, owing to the in-
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overtones pass with more readiness, with the
result that a better timbre is obtained.

Fig. 4 illustrates the application of the
basic idea of the invention to a key choker
according to Fig. 8. Also in this case the
different elements of the kind depicted in
Fig. 3 by means of their terminals 4 and &
are united in parallel relative to the con-
trolled currents, and by means of their ter-
minals 7, 7, in series for the controlling cur-
rents. With a number of elements as in-
dicated in the drawing, the controlling cur-
rent, as will be noted, is diminished to one-
tenth. - As to the rest, this connection will
be readily understood on account of its
analogy with Fig. 2. ,

If the arrangement as before described
shall be used as a direct current-excited fre-
quency changer for the generation of even
harmonics across terminals Lt L?, a conveni-
ent plan would be, as shown in Fig. 5, to pro-
vide an inductance Z! and Z¢, respectively
in series with each condenser C* and C?, re-
spectively, which constitutes a block for the
multiple frequency, while jointly with its
condenser being totally or partly tuned to the
fundamental wave, the parallel condenser C
being then replaced by a suitably tuned con-
suming circuit. ‘

In the arrangements hereinbefore cited by
way of example, the basic element of the
series-parallel connection was a winding
quadrangle of the kind shown in Fig. 1, or
a conductor quadrangle of the sort illustrated
in Fig. 4. Inside the scope of the present in-
vention will fall also arrangements compris-
ing basic elements of other nature or proper-
ty, as long as these elements contain parts or
portions which are jointly passed by the con-
trolled and the conirolling currents. An ex-
ample of an element so constituted is shown
in Fig. 6. In this case only parts 2 and @’ are
the elements influenced by the iron, for in-

5 stance, the windings placed upon the iron

body or core, or the high frequency conduc-
tor wth an iron skin. The two other sides
of the quadrangle are replaced by the con-
densers C and C’ which, under certain cir-
cumstances, may have tuned air-core chokers
Z and Z’ connected in series therewith, Ter-
minals &* and %2, and l, I, have here the same
significance as in the quadrangle elements.
Fig. 7 shows a combination of such ele-
ments (copper conductor coated with iron)
according to the invention; also in this case
the controlling current is fed at the terminals
Lt 1% and the controlled current at termi-
nals K* K. When the apparatus is used as a
key or telephone modulator, it is of utmost
importance that the same should be bifilar,
as shown, not only for the controlling cur-
rents, but also for the controlled currents.
The invention is applicable also to ma-
chines in which the direct current and the

3

alternating current flow in one and the same
windings. :

Having thus described my invention, what
I claim is:—

1. An arrangement adapted for the con-
trol of high frequency currents by control-
ling direct currents affecting the ‘degree of
saturation of a saturable impedance compris-
ing a high frequency controlled circuit and a
low frequency controlling circuit, a saturable
impedance forming a conductor common to
each of said circuits for carrying the currents
of both said circuits and arranged to provide
parallel paths for said high frequency cur-
rents, sald conductor being arranged in a
plurality of parallel paths with respect to
said controlling circuit, and means associ-
ated with each of said parallel high frequency
current paths for blocking said controlling
currents from the portion of said high fre-
quency circuit which is external to the por-
tion common to both said high frequency
currents and said controlling currents.

2. An arrangement for controlling high
fréquency currents comprising a high fre-
quency current path and a controlling cur-
rent path, a saturable impedance traversed
by both of said paths and having its satura-
tion controlled by controlling currents, said
saturable impedance being arranged bifilar
with respect to said controlling currents and
arranged to provide a plurality of parallel
paths for said high frequency currents, and
means for blocking said controlling currents
from said high frequency circuit.

3. An arrangement for controlling high
frequency currents comprising a high fre-
quency current circuit and a low frequency
controlling current circuit, a plurality of
saturable impedances arranged in a plurality
of structures of bridge formation for pass-
ing both said high frequency currents and
said controlling currents and controlling the
high frequency currents by the variations in

the saturation of said impedance produced by ;

said controlling currents, said bridge struc-
tures being series connected with respect to
said controlling currents and parallel con-
nected with respect to said high frequency
currents whereby the amplitude of the con-
trolling current with respect to the high fre-
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quency current is reduced, and means associ- -

ated with each of said parallel high frequency
paths for blocking the said controlling cur-
rents from said high frequency circuit.

4. An arrangement for controlling high
frequency currents comprising a controlled
high frequency current circuit and a control-
ling circuit of low frequency currents, a non-
magnetic conductor having an outer mag-
netic material coating, said conductor being
adapted for the joint passage of both said
currents and divided into a plurality of sec-
tions whereby said conductor provides a plu-
rality of parallel paths for said high fre-
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quency current and a series path for said con-
trolling current, and the high frequency cur-
rents are controlled by variations in the satu-
ration produced in said magnetic material by
said controlling currents.

5. An arrangement for confrolling high
frequency currents comprising a high fre-
quency circuit and a low frequency control-
Iing circuit therefor, a saturable impedance
common to each of said circuits, said imped-
ance being arranged to provide parallel paths
for said high frequency circuit and a series
path for said controlling currents, said im-
pedance also being arranged bifilar with re-
spect to said controlling currents, means for

-blocking said controlling currents from the

portion of said high frequency circuit which
i1s external to sald common conductor, and
means for controlling said high frequency
currents by variations in the degree of satu-
ration produced in said saturable impedance
by said controlling curzents.

6. An arrangement for controlling high
frequency currents comprising a high fre-
quency controlled current circuit and control-
ling current circuit therefor, a conductor pro-
viding a common path for both said high fre-
quency currents and said controlling cur-
rents and providing parallel paths for said
controlled high frequency current and series
paths for said controlling currents, a mag-
netic portion associated with said conductor,
means provided by said controlling currents

for controlling the said high frequency cur-

rents by varying the degree of saturation of
said magnetic portion of said conductor,
means comprising capacitance and induc-
tance series connected for blocking the con-
trolling currents from said high frequency
circuit which is external to said common
path.

7. An arrangement for controlling high
frequency currents comprising a high fre-
quency controlled circuit and a low frequency
controlling circuit, a plurality of conductors
each having a saturable portion adapted to
constitute a common path for both of said
currents and adapted to control.said high
frequency currents by variations in the de-
gree of saturation of said: saturable portions
of said conductors produced by said control-
ling currents, said conductor being arranged
in a plurality of parallel paths with respect
to high frequency currents and in g plurality
of series paths with respect to said control-
ling currents, and means associated with each
of said parallel paths for high frequency for
blocking said controlling currents from the
portion of high frequency circuit which is
external to said common path.
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