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To all whom it may concern

Be it known that I, Irvine LaneMUIR, a
citizen of the United States, residing at
Schenectady, county of Schenectady, State
of New York, have invented certain new and
useful Improvements in. Methods of and
Means for Controlling. Electrical Energy,
of which the following 1s a specification.

My present invention relates to a method
of and means for controlling electrical en-
ergy, and more especially electrical energy
in the form of high frequency alternating
currents.

The object of my Invention is to provide
a system for controlling the flow of a high
frequency alternating current in an electric
circuit in such a way that large variations
in the amplitude of the current may be pro-
duced by means of a variable controlling
current of comparatively small magnitude
flowing in a second circuit. A further ob-
ject of my invention is to produce variable
controlling current in the second circuit by
means of energy derived from the source of
energy which supplies the first eircuit.

In carrying my invention intoveffect I
subject a high frequency current derived
from the source supplying the first circuit to
the action of various modifying means in
such a way as to produce a pulsating unidi-
rectional current of the desired character to
serve as a controlling current.

While in the description which follows I
have illustrated the application of my inven-
tion to wireless telephony it-is by no means
limited to that use but is adapted to the

“transmission of other forms'of signals by

means of- radiant energy or for the trans-
mission of electric currents through wires.
The novel features which I believe to be
characteristic of my invention are pointed
out- with particularity in the appended
claims. The invention itself; however, with
further objects and advantages will be best
understood by reference to the following de-
scription taken in connection with the ac-
companying drawing in which Figure 1 is a
simple diagrammatic representation of ap-
paratus and circuit connections which may
be employed in carrying my invention into
effect, and Fig.” 2 shows a modifiecation
thereof. ' _ .
As indicated in Fig. 1 the source of high
frequency alternating- current 1 is indue-
tively connected by means of the coil 2 to

tenna.
the antenna is controlled by varying the
inductance of the antenna circuit by varia-
tions in a controlling current flowing in a
second circuit. As here indicated two re-
actance coils 4 and 5 wound around the mag-
netic core 6 are included in the antenna cir-
cuit. Wound upon the same core are two
coils 7 and 8 through which a controlling

_current 1s caused to flow. The coils 7 and 8

are connected in opposition to each other,
hence the magnetizing action of the current
flowing in coil 7 upon coil 5 is opposite in
effect to that of the current flowing in coil
8 upon coil 4. - Furthermore, as coils 7 and
8 are connected in opposition the voltage
induced in coil 7 by the high frequency cur-
rent is opposite to that induced in coil .8,
The respective coils are so designed that the
voltage induced in ¢oil 7 is equal to that in-
duced in coil 8 and therefore the resultant
effect of these voltages in the controlling cir-
cuit is zero.  The combined inductance of
coils 4 and 5 will vary as a function of the
magnetization -of the core 6, this change in
inductance being due to the varying mag-
netic reluctance at varying magnetic densi-
ties. Since the coils 7 and 8 are connected in
opposition the combined impedance of. coils
4 and 5 in the antenna circuit will be uni-
form for the two alternations.of a complete
cycle of the current. It will thus be evident
that the current flowing in the antenna can
be controlled by varying the amount of cur-
rent supplied to the coils 7 and 8. While the
form of inductive device here described is
the preferred form I do not wish to be lim-
ited to this specific arrangement as varia-
tions may be made therein without depart-
ing from the scope of my invention.

The greater the amount of energy which it
is desired to radiate the greater will be the
magnetizing force which- must be supplied
to the coils 7 and 8 to give the desired con-
trol. -If the controlling current applied to
coils 7 and 8 is the current flowing in an
ordinary telephone transmitter the ampli-
tude of the current flowing in the antenna
may be varied in accordance with the varia-
tions in the amplitude of the telephone cur-
rent. Inasmuch, however, as the energy va-
riations which may be produced by an ordi-
nary telephone transmitter supplied by a
constant source of potential is comparatively
small, it is not possible to produnce in this
way sufficiently large variations in the mag-

The amount of current fowing in-
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netizing force to control large enough
amounts of energy to transmit sound waves
over great distances. 2
my invention is to produce a controlling cur-
rent in the coils 7 and 8, the energy varia-
tions of which will be much greater than it
is possible to produce by means of a tele-
phone transmitter supplied by a constant
potential source,

In the organization here illustrated the
energy from which the controlling current
is produced is diverted from the antenna cir-

‘cuit by means of the coil 9 which is coupled

with the antenna. While T have here indi-
cated an inductive coupling, other forms of
coupling may equally well be employed.
The terminals of coil 9 are connected to the
ancde 10 .and cathode 11 of an electron dis-
charge relay 12, and included in the circuit
is the primary 13 of a transformer 14.. With

that if a variable potential is applied to the
grid 15 of the relay a variable current will
flow through the circuit. To provide this
variable potential the local circuit of the
telephone transmitter 16 is inductively con-
nected to the grid circuit of the electron
discharge relay through the transformer 17.
With this arrangement there will flow
through the circuit comprising the coils 9
and 13 and the relay 12, a current which will

vary in accordance with the variations in the

telephone current. The current thus ob-
tained will preferably be of high potential
and small amplitude and this current may
be stepped down in voltage by the trans-
former 14 and caused to flow through the
magnetizing coils 7 and 8. Since the current
in the secondary of the transformer 17 is
an alternating current it will be necessary
with this arrangement to provide an initial
unidirectional magnetization of the core 6,
and this may be done by means of a direct
current source of energy 18 included in the
controlling circuit, the potential of which
must always be greater than that obtained
from the secondary of transformer 14. The
current flowing in the controlling circuit
may be considered as a pulsating current
superimposed on a constant direct current.
The constant direct current will produce a
constant magnetization while the pulsat-
ing current will produce a magnetiza-
tion in the same direction which 1is pro-
portional to the amplitude of the pulsations.
The current derived from the . secondary
of the transformer 14 will be an alternating
current of the frequency of the sound waves
which act on the telephone transmitter.

.This current will vary in accordance with

the variations in the telephone current
and consequently will' vary the indue-
tance of the coils 4 and 5 thereby varying
the amount of current flowing in the an-
tenna. The current flowing in the circuit

One of the objects of |
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comprising coils 9 and 13 and the electron

-discharge relay 12 may be considered as con-

sisting of a high frequency pulsating cur-
rent produced by the rectification of every
alternate half cycle, having superimposed
thereon a low frequency pulsating current
corresponding to the telephone current. In-
asmuch as the coil 13 may offer & high im-
pedence to the high frequency component of
this current, it may be found desirable to
shunt this coil by a condenser 19 of such
capacity as to allow the high frequency com-
ponent to-pass therethrough without allow-

“Ing an appreciable amount of the low fre-

quency component to pass. A variable con-
denser 20 may also be employed for tuning
the circuit which comprises this condenser
and coil 9 to the same frequency as the
source 1 in order to. obtain high potentials

“for the operation of relay 12. The amount
a device of this character it is well known -

of current in the cir¢uit may also be ad-
justed by varying the coupling between the
coil 9 and the antenna.

In the operation of this system it will be
seen that the energy diverted from the an-
tenna in the coil 9 will vary in accordance

“with variations in the current flowing in the

antenna. As the current through the relay
12 increases the current in the controlling
coils will increase and there will be a corre-
sponding increase in the antenna current.
This will produce an increase in the amount
of energy diverted from the antenna and
will thus produce a further increase in the
controlling current of the coils 7 and 8. By
utilizing this reinforcing action a compara-
tively small variation in the telephone cur-
rent may produce a large enough energy
variation in the control circuit to control
large amounts of energy in the antenna.
This reinforcing action may in some. cases
become so great as to lead to' instability
in the operation of the system. If such is
the case it will become necessary to reduce
the amplitude of the variations in the en-
ergy diverted from the antenna. With the

“arrangement here shown, the coils 2, 3 and

9 all being coupled together, the desired ef-
fect may be produced by forming a closer
coupling between coils 2 .and 9, and de-
creasing the coupling between the coils 8 and
9, thus diverting a larger proportion of the
energy used for the controlling current di-
rectly from the generator itself and a
smaller portion from the antenna. It will
of course be apparent that all of the energy

for the controlling current may be taken
“directly from the generator, in which case

if the potential of the generator remains
constant no reinforcing action will be pres-
ent. On the other hand a portion of the en-

orgy may be taken directly from the gen-

erator and the remainder from the antenna.
In the arrangement shown in Fig. 2 I

" have indicated the reactive coils 4 and 5 as
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connected: in. shunt: to- the secondary of the
transformer 2. In this case as in the one
already described: energy is diverted from
the antenna by means of the coil: 9. The

: variable current produced in: the circuit

which comprises the coil 9 and the electron

- discharge relay 12° may- be stepped down to

low voltage in:the:coil 21: which is induc-
tively related:to:-coil 22 in the relay circuit
and-the low voltage, high frequency current
thus. obtained is rectified by. the mercury
rectifier 23 and caused: to: pass through the
magnetizing coils-7 and: 8. In this:arrange-
ment the battery 18:n the controlling:circuit
is connected so as'to oppose the unidirection
potential obtained by means:of the coil 21
and the rectifier28. As:the current flowing
through: the' coils: 9 and 22 increases; the
magnetization of the core 6 produced:-by-the
battery 18 will' deerease: Ttgisrwillr cause a
decrease in‘the current flowing through-coils
4 and 5 and- an increase in ‘the potential
across ooil 3 and:in the antenna current.. As
the antenna current increases the amount of
energy diverted: from the: antenna by the
coil 9 will increase asin thefirst illustration.

While: I have here indicated the  coils 4
and 5 as being connected in shunt across coil
3,1t 'will. be apparent-that they may equally
well’be connected ‘in shunt:to-any two points
in-the antenna cireuit between which there
is:a large enough difference-of potential. Tt
will also be apparent that instead of con-
necting them directly to the antenna they
may be coupled therewith in other ways.
Since the results ‘which:may: be obtained in

this-way are similar to'those which are se-

cured with the series: conneetion; I con-
sider the two'as equivalent'and when I speak
of the antenna circuit'as including reactance,
I meani:to imply either the series: or shunt

- connection..

- While I'have illustrated only two:embodi-
ments of my. invention it* will be apparent
that by varying the methods of' connecting
the various parts thereof and by varying the

- particular type of apparatus employed many

modifications may be made without depart-
ing from the scope of the appended claims.

Certain broad aspects of the apparatus
and methods herein-disclosed relating to the
use of an electron discharge relay for divert-
ing energy from an'antenna and for supply-
ing the controlling current to-a variable in-
ductance of: the type herein déscribed, are

“not of my invention, but are the invention

" of Ernst F. W. Alexanderson and are:de-

89

fined by the claims of his application, Serial
No. 873,110, filed November 20, 1914.
What I:claim as new ane’desire to secure
by Letters Patent of the United States, is:—
1. The-combinatien in a:system:for trans-

" mitting “wireless ‘signals of an antennacir-

85

cuit:supplied by a source of high frequency

current; a reactance includéd in'said anténna

8

circuit, a second circuit including a mag-
netizing winding:so related to said reactance
that the impedance of the antenna circuit
may be varied by varying the current in said
magnetizing winding and means:for divert- 70
mg from the antenna circuit to sald mag-
netizing winding an amount of energy suffi-
cient to produce the desired variation in the
current in said magnetizing winding.

2. The combination in a system for trans-- 75
mitting wireless signals of an antenna cir-
cuiti supplied by a source of high frequency
current, & reactance included in said antenna
circunit, a-second ecircuit including a: mag-
netizing winding so related to said reactance’ 80
that the: impedance of the antenna circuit
may be varied by varying the current in said
magnetizing winding; and means for divert-
ing: from the antenna circuit to said mag-
netizing winding an amount of energy suffi- 85
cient to produce the desired variation'in the
current. in said magnetizing winding: and
which' varies in accordance with varistions
in the antenna current..

3. The method: of controlling the flow of 9o
high frequency alternating current in an
electric cireuit which consists in diverting u
portion:of the energy from the circuit, uti-

lizing energy thus diverted to produce a
~magnetizing field; producing a: pulsating: 95

current. independently of the energy thus

diverted, varying the magnetizing field in

accordance with the variations in said pul-

sating current and subjecting the current in

%h{ladcircuit to the aetion of said magnetizing' 100
eld.

4. The method of controlling the flow of
high frequency alternating current in an
electric circuit which consists in: diverting
from:the circuit an amount of energy which- 105
varies in proportion to the amplitude of the
current in said circuit, utilizing energy thus
diverted to produce a varying magnetizing
field and utilizing said varying magnetizing
field to vary the inductive reactance of the 110
circuit. :

5. The method of controlling the flow of
high frequency  alternating current in- an
electric circuit which consists in diverting
from the circuit-an amount of energy which 115
varies-in accordance with variations in the
amplitude of the current in said- circuit,
producing a pulsating current independently
of the energy thus diverted, utilizing energy
thus-diverted to produce a magnetizing field, 120
which varies in accordance with the varia-
tions in said pulsating current and subject-
ing the current in the circuit to the action
of said magnetizing field.

6. The method of controlling the flow of 125
high frequency alternating current in an
electric circuit which consists in producing
a: pulsating current independently of the

energy' in said circuit, diverting from the
circuit ‘an amount of energy which variés in"130
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accordance with variations in the amplitude
of the current in said circuit and which also
varies in accordance with variations in the
amplitude of said pulsating current, utiliz-
ing energy thus diverted to produce a vary-
ing magnetizing field, and subjecting the
current in the circuit to the action of said
varying magnetizing field. E v
7. The combination in a wireless signaling

system of an antenna circuit supplied by a

source of high frequency current, a react-
ance coil in said antenna circuit, a second
circuit including a magnetizing winding so
related to said reactance coil that the im-

pedance of the antenna circuit may be varied .

by varying the current in said magnetizing
winding, meang for diverting a portion of
the energy from the antenna circuit, a third
circuit having means therein for producing
a pulsating current independently of the
energy thus diverted, means for varying the
amount of energy diverted from the antenna
circuit in accordance with variations in the
pulsating current flowing in said third cir-
cuit, and means for supplying energy thus
diverted to the magnetizing coils. - '

8. The combination in a system for trans-
mitting wireless signals of an antenna cir-
cuit supplied by a source of high frequency
alternating current, a reactance included in
said antenna circuit, a second circiit includ-
Ing a magnetizing winding so related to
said reactance that the impedance of the an-
tenna circuit may be varied by varying the
current in said magnetizing winding, means
for diverting from the antenna circuit an
amount of energy which varies in accord-
ance with the variations in the amplitude of
the current in said circuit, and means for
supplying energy thus diverted to the mag-
netizing coils. : :

9. The combination with an electric eir-
cuit supplied by a source of high frequency
alternating current, of means for diverting

a portion of the energy from said cireuit, -

means for utilizing energy thus diverted to

- produce a varying magnetizing field, and

means for utilizing said magnetizing field to
vary the inductive reactance.of the circuit.

10. The combination with an electric cir- -

cuit supplied by a source of high frequency
alternating current, of means for diverting

a portion of the energy from said circuit, .

means for utilizing energy thus diverted to
produce a magnetizing field which varies in
accordance with variations in a pulsating
current flowing in another circuit and means
for utilizing said magnetizing field for vary-
ing the inductive reactance of the first cir-
cuit. : , : -

11. The combination with an electric cir-
cuit supplied by a source of high frequency
alternating current, of means for diverting

from said circuit an amount of energy which -

varies in accordance with variations in the

1,301,279

amplitude of the current in said: circuit,
means for utilizing energy thus diverted to
produce g varying magnetizing field, and
means for utilizing said varying magnetiz-
ing field for varying the inductive reactance
of the circuit. = : ST

12. The combination with an electric cir-

_cuit supplied by a source of high frequency

alternating current, of means for diverting

-from the circuit an amount of energy which’

varies in accordance ‘with variations in the

-amplitude of. the current in said circuit,

means for utilizing energy thus diverted. to

“produce a magnetizing field -which varies

in accordance -with the variations in - a

“pulsating current flowing in another circuit,

and means for .utilizing said magnetizing

- field -for varying the inductive reactance of

the first circuit. - - Coo T e
13. The combination with an electric cir-
cuit supplied by a source of high: frequency
alternating current, of -means for diverting
from said circuit an amount of energy which
varies in accordance with the variations in
the amplitude of the current in said circuit,
means for further varying the amount of

energy thus diverted in accordance ‘with

the variations in an independently produced
pulsating current flowing in another circuit,

means for utilizing energy thus diverted to-
produce a varying magnetizing field, and

means for subjecting the current in the first
circuit to the action of said varying mag-
netizing field. - S R

14. The. method -of controlling the fiow
of high frequency alternating current in
an electric . cireuit which _ consists in

- producing” a low frequency pulsating cur-
rent independently of the energy in said cir-

cuit; producing by means of energy derived
from the high frequency alternating current
in the circuit a magnetizing field which va-
ries in accordance with the variations in said
low - frequency current and subjecting the

current in the circuit to the action of said.

magnetizing field. S : :
15. The combination with an electric cir-
cuit supplied by a source of high frequency

. alternating current of a second circuit hav-
ing means therein for producing independ-

ently of the energy in said first circuit a low
frequency pulsating current, means for pro-
ducing by energy derived from said first cir-
cuit a ‘magnetizing field which varies in ac-
cordamnce with-the variations in the low fre-

‘quency current in said second circuit, and

means for subjecting the current in the first
circult to. the action of said magnetizing
field. -~ ' o -

~ 16. The combination in a twireless signal-:

ing system of dan antenna circuit supplied by

a source of high' frequency alternating

current for transmitting wireless signals
through spdce, means for diverting a por-
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means for utilizing energy thus diverted to
produce a varying magnetizing field, and
means for subjecting the current in the an-
tenna circuit to the action of said magnetiz-
ing field.

17. The combination in a wireless signal-
ing system of an antenna circuit supplied by
a source of high frequency alternating
current for transmitting wireless signals
through space, a second circuit having means
therein for producing a pulsating current,
means for diverting a portion of the energy
from said antenna circuit, means for utiliz-
ing energy thus diverted to produce a mag-
netizing field which varies in accordance
with the pulsating current flowing in said
second circuit and means for subjecting the
current in the antenna circuit to the action
of said magnetizing field.

18. The combination in a wireless signal-
ing system, of an antenna circuit supplied
by a source of high frequency alternating
current for transmitting wireless signals
through space, means for diverting from
said antenna circuit an amount of energy
which varies in accordance with variations
in the amplitude of the current in said cir-
cuit, means for utilizing energy thus di-
verted to produce a varying magnetizing
field, and means for subjecting the current
in the antenna circuit to the action of said
varying magnetizing field.

19. The combination in a wireless signal-
ing system of an antenna circuit supplied by
a source of high frequency alternating
current for transmitting wireless signals
through space, a second circuit having means
therein for producing a pulsating current,
means for diverting from the antenna cir-
cuit an amount of energy which varies in
accordance with the variation in the ampli-
tude of the current in said antenna circuit,
means for utilizing energy thus diverted to
produce a magnetizing field which varies
in accordance with the variations in a pulsat-
ing current flowing in said second cireuit,
and means for subjecting the current in the
antenna circuit to the action of said mag-
netizing field.

90. The combination in a wireless signal-
ing system of an antenna circuit supplied
by a source of high frequency alternating
current for transmitting wireless signals,
means for diverting from said antenna cir-
cuit an amount of energy which varies in
accordance with the variations in the ampli-
tude of the current in said circuit, means for
further varying the amount of energy thus
diverted in accordance with the variations in
a pulsating current flowing in another cir-

» ]

cuit, means for utilizing energy thus di-
verted to produce a varying magnetic field
and means for subjecting the current in the
antenna circuit to the action of said varying
magnetic field. '

21. The method of controlling the flow of
high frequency alternating current in an
electric circuit which consists in producing
by means of energy diverted from said cir-
cuit a magnetizing field which varies in
accordance with variations in a low fre-
quency pulsating current flowing in another
circuit, and utilizing said magnetizing field
to vary the inductive reactance of the first
circuit.

22. The method of transmitting wireless
signals through space which consists in im-
pressing a radio frequency current upon an
antenna, diverting from the antenna a. por-
tion of the energy thus supplied, utilizing
the energy thus diverted to produce a vary-
ing magnetizing field and utilizing the mag-
netizing field thus produced to vary the cur-
rent in the antenna.

23. The method of wireless signaling
which consists in impressing a radio fre-
quency current upon an antenna, diverting
from the antenna a portion of the energy
thus supplied utilizing the energy thus di-
verted to produce a varying magnetizing
field and utilizing the magnetizing field
thus produced to vary the inductive react-
ance of the antenna circuit.

24. The method of transmitting wireless
signals through space which consists in im-
pressing a radio frequency current upon an
antenna, diverting from the antenna a por-
tion of the energy thus supplied, utilizing
the energy thus diverted to produce a mag-
netizing field which varies at an audio fre-
quency, and utilizing the magnetizing field
thus produced to vary the current in the
antenna.

25. The method of wireless signaling
which consists in impressing a radio fre-
quency current upon an antenna, diverting
from the antenna a portion of the energy
thus supplied, utilizing the energy thus di-
verted to produce a magnetizing field which
varies at an audio frequency, and utilizing
the magnetizing field thus produced to
vary the inductive reactance of the antenna
circuit. :

In witness whereof, I have hereunto set
my hand this 18th day of November, 1914.

IRVING LANGMUIR.
Witnesses:
Erxst F. W. ALEXANDERSON,
Bexsamin B. Hour,

Copies of this patent may be obtained for five cents each, by addressing the ‘Commissioner of Patents,
Washington, D. C.” )
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