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To all whom it may concerre:

Be it known that I, HARRY 5HOEMALER, a
citizen of the United Stﬂtes, residing at Phila-
delphia, county of I’hiladelphia, and State of

Pennsylvania, have invented a new and use-

ful Wireless Signaling System, of which the
following is a specification.

My invention relates to a system for trans-
mitting intelligence by means of electroradi-
ant energy tl*ansmltted through the natural
media.

My invention consists of a system of wire-
less signaling, more particularly the recelv-
ing system, wherein an electrodynamometer
1s employed as a wave-responsive device.

Myinvention consists, further, of circuit ar-

rangements whereb} energy of received elec-.

U‘OI‘&dl&thHS is most eiﬁclentlv used in pro-
doecing a signal. -

My inventicn consists, fmther in employ-
ing an electrc)dyna,mometer in a e]osed reso-

nant, or tuned circuit, the e1eetlodyndmom—_

eter- WIIIdlI]”‘S forming a part of or the entue
inductance of such cu'cmb

My invention consists, further, in connect-

ing a winding of an eiectrodynamometer in a
circuit traversed by cscillatory currents de-

‘rived from the received electroradiantenergy,
‘while the other winding is included in a cir-
cuitb traversed by oscillatory currents derived

from a local source of energy, such local cur-
rents being of a frequency less than, equal to,

or greater than the {requency of the trans-

mlnted energy.

My invention consists also in mmntmmnn‘
a magnetic field by means of a local source of
Useilla,tory currents and supporting in such
magnetic field means for producing a second
magnetic field due to the osecillatory currents
derived from the received electroradiant en-
ergy-

ing a magnetic field by the received electro-
mdia,nl; energy and maintaining a second mag-
netic¢ field by means of the increased ceurrent

component of energy in a dosed tuned, or

resonant ¢ircunit.
My invention consists, fulthel i including

~one of the windings of .:m.eleetrodynamom- |

eter in a closed, tnned, or resonant circuit

My invention COllblbt.‘:, fu:Lhel in ploduc-'

| traversed by currents due to the received

electroradiant energy, while including the re-

maining winding of the electrodynamometer
in a circuit Supplled by oscillatery currents
from a local source of energy.

Myinvention consists, furthm mmdudmﬁ'
one of the windings of an eleetrodyndmom-
eter in a closed, Iesouant or tuned circuit
traversed by currents due to the received
electroradiant energy, while including the re-
maining winding of the electrodvnamometer
in a elosed resonant or tuned circult trav-
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ersed by currents derived from a loeal source

of energy. -

The eleLLrodynamometer is an mstru ment
well known in the arts, and its earliest form
was known asthe ‘* Weber” dynamometer, It
is well known that such an instrument re-

sponds to either direct currents or alternat-

ing currents and is entirely independent of

the frequency of such currents, because the

reversal of currents in one winding is simul-
tancous with the reversal of current in the

remaining winding, and therefore the reac-

tion of the magnetic field due to these wind-
ings is always in the same direction. I em-

'ploy the force exerted by the windings of an

electrodynamometer upon each other due to

the currents produced by electroradiant en-:

ergy to eontrol a local cireuit ineluding the

signal recording or producing dppara,tus I
'lmve found thd,t; with the currents produced
at a receiving-station by electroradiant en-.

ergy I can by means of an electrodynamom-

eter suitably constructed and arranged pro-

duce force sufficient to control local eircuits

or producuw means.
Reference is to be had to the dccompany-
ing drawings, in which—

T icure 1is an elevational view, pa,rtlv in di-
agram, of an eleetrodyndmomeber instru-

ment. Iig. 2 is a partial plan view from the

‘top of the electmdy namometer shown in Fig.
-1 with the support shown in section.

is a partial plan view looking upwa,rdly to-

].1 lﬂ"_ t).

75

80 -

for the purpose of oner‘ttmﬂ' swnal Ie(‘(}ldln”'

95

ward the member18. Fig. 4isa diagrammatic

view showing the electrodynamometer-coils

connected in series with each other and in

| series with the usual aerial conductor of a

100




- wireless signaling system.
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grammatic view of a closed, resonant, or
tuned circuit included in the aerial conduc-
tor, the windings of the electrodynamometer

forming a portion of the inductance of the

sald closed, resonant, or tuned circuit. Fig.
6% is a diagrammatic view of a modified ar-
rangement of the receliver-cireuits.
o fragmentary view showing the circait-con-
trolling contacts in duplicate in connection
with the movable coil of the electrodyna-
mometer when employed, as shown in Fig. 6°
and others. Fig. 7is a diagrammatic view
of transmitting-circuits. FKig. 8 is a dia-

crammatic view showing one.of the windings

) ot an electrodynmnometer in a closed, re-
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per extremities mewmber 3.
~are preferablyof insulating mmaterial. 4repre-

sonant, or tuned circult traversed. by cur-
rents derwed from a local source. Fig. 9 is
a diagrammatic view similar to Fig. 5, e‘ccept
that one of the windings of the electrodyna-

mometer is supplied by oselllfttmy currents

from a local source. Ifig. 10 is a diagram-

matic view similar to Fig. 5, except thab one

of the coils of the electrodynamometer is in-
cluded in a closed, resonant, or tuned cir-

cuit and traversed by curr entb derived from

a local source. |
In Fig. 1, 1 represents a base from which
rise two supports 2 2, supporting at their up-

sents the stavionary coil of the electrodyna-
mometer, within which is supported the mov-
able coil 5, which carries relatively heavysup-
porting means, as c¢learly shown, and to these
means are secured the torsional metallie rib-
bons 6 and 7. The upper ribbon 6 1s joined

~ab its upper end to the torsion head 10, while

0
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the lower ribbon 7 is connected at its lower

extremity to the leaf-spring 8, which is in

~ electrical communication with. the binding-

post Y. 11 and 12 are binding-posts for sta-
tionary coil 4. 13 1s the movable contact in

the local circuit to be controlled and is of a

form clearly shown in Fig. 3 and constitutes
a U-shaped metallic spring secuared at its in-

ner end to the extension from coil 5 and con-

tacting with its outer end with the screw 14,
which passes through 2 and is screw-thread-

ed in the lug 39, extended from the lower side
Stationary coil 4 is, in .

of the member 18.
fact, two coils slightly separated from each
other by insulating material,
Figs. 2 and 3, and through said insulating ma-
terial are openings at opposite ends of the di-
ameter,through whl(,h passthe extension from
coil 5. .

In KFig. 2 the upper opening 1s shown at 21.

In Fw' 3,19 representsa corresponding open-
ingin member 18 to permit the pa,ssage of b&ld

xtenswn from coill 5. |

~In Fig. 3, 20 represents a counterpoise,
which i::s', in fact, a nut, engaging a screw-
threaded extension of the contact 18.
means of this counterpoise the center of grav-
ity of the moving system may be kept in the
vertical geometrie axis.

' Fig. 6°is

Members 12 3

creased.

48 shown in

By
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- Fig. 5 is a dia- | in electrical communication with the screw

14, and from said binding-post 15 extends a

conductor from the relay 16 or other record-

ing device 1n a local circuit including b&ttery

17, binding-post 9, ribbon 7, and conta,(,t 15, .
A represents the usual aerial conductor of a

wireless signaling system and connects at its

lower extremiby with binding-post 12, which
then communicates with one terminal of coil

4, whose remaining terminal connects by

binding-post 11 and a conduactor with ribbon-

6, the coil 5, ribbon 7, spring 8, and earth-

‘plate L. 'This is precisely the arrangement
‘0of connection of the.electrodynamometer.

Upon the reception of electroradiant energy

‘upon anaerial conductoralternating currents

of very high frequency pass hhronﬂ'h the coils

of the elecurodvnamometer and by the well-

known reaction the moving coil 5 is slightly
displaced and in virtue of such displacement
closes the local circait at contacts 13 and 14.
The circuit shown in Fig. 4 is.the simplest

mode of connection for an electrodynamome-'

ter, and in this connection it 1s to be remem-

-bered that the inductance of the windings of

the electrodynamometer may operate as a tre-

quency -determining element for rendering.
95

the reeewmﬂ-elruut selective of or 1esonant
with the tmnsmltted energy.
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In Kig. 5, A represents the usualaerial (:ou--;

ductor, between which and the earth-plate K

1is connected the closed, tuned, or resonant

cireult embracing the condenser 22, induct-

ance 23, and the coils 4 and 5 of an electro-

dynamometer. Asiswell understood, by the
reception of electroradiations of a definite

frequency and with the condenser 22 and
1cs

the combined inductance of the coils 4 and 5

100

and inductance 23, having cerfain critical

proportions, there will flow in the local cir-
cuit, including the condenser 22, the wind-
ings of an eleetwdynamometer d,nd the in-
ducbance 23, a relatively large current.  In
other words, of theenergy received at the re-

I1O

ceiving- _station the current component of the

resulting electric-current energy is increased

by this arrangement of circuits, though of

~course the actudl energy 1s in no way in-
However, since the magnetic fields

depend for their strength'si1_nply upon the
ampere-turns of their respective coils a gain
is made by increasing the current component
for the purpose of increasing said ampere-
turns.
the windings of the electrodynamometer-coils
4 and 5 there 18 then an increased reaction

between such coils for the same amount of

energy arriving, and the effect is greater than
with the arrangement shown in Flﬂ‘ 4,
Coil 5, as expld,med heretofore, is the mov-

1ing coil and controls the local circuit.

In Fig. 6%, A represents the usual aerial con-
duector, between which and the earth-plate K

is connected a coil of an electmdynmnometer |

and in this case it is the moving coil 5. The

stationary coil 4 is not in eleetmca,l communi-
15 1sab1nf11nfr-p05t | cation with the aeri a,l conductor, nor 1is 11:

With this increased current through-

11.5
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traversed by any current resulting from the | equal in rate to that of the transmitted en-

received electroradiant energy. It 1s, how-
ever, traversed by oscillatory currents de-
rived from a local source of energy 26, which
is a battery in series with interrupter 27 and

the primary of transformer 25, whose second-

ary is shunted to the spark-gap 28. The
spark-gap 28 is in series with the condenser
24, stationary coil 4, and the adjustable in-
duetance 29. This ecircuit, including con-
denser 24, stationary coil 4, and adjustable
inductance 29, is traversed by an alternating
current of a frequency dependent upon the
capacity 24 and the combined inductance of
the coil 4 and inductance 29.

frequency of the alternating currents flowing

through thecoil 4 may be adjusted so as to be-

equal to the frequency of the received energy.
The purpose of this arrangement is to obtain
a maximum effect in the receiver for the
slicht amount of energy received. The reac-
tive force between the coils of an electrody-
namometeris a funetion of the product of the

ampere-turns of the coils. The current flow-

ing through coil 5 being necessarily small, the

ampere-turns of such coil are relatively few.
To compensate for this weak field, the above
arrangement is resorted to, for then a consid-

erable current can be made to traverse the |

coil 4, and such coil 4 will in consequence de-

velop a relatively powerful magnetic field.

The result is then that the product of the
ampere-turns of the two coils 1s increased,
and therefore with a relatively small amount
of received energy a relatively powerful de-
flection of the movable coil may be obtained.
The principle is the same as that employed
in d’Arsonval galvanometers of Thomson’s

siphon recorders, where a light movable coil

is traversed by a very weak current, and
such coil is supported in a very powerful
magnetic field in order that the resuiting de-
flection may he a strong one.
rangement coil 5 may be of comparatively
large number of turns of relatively small
conductor, while coil 4 may be of compara-
tively large conductor and few turns. Inas-
much as coils 4 5 in this arrangement are in-
dependent, the coil 5 may rotate either in a
clockwise direction or a counter-clockwise
direction, depending upon the relative phase
relation of the arriving energy and the energy
in the coil. |

To insure closure of the local circuit in
whichever direetion the coil 5 may start, I

supply, as shown in Fig. 6°, two contacts 37

and 38. Contacts 37 and 38 are connected
together, and the contact 36 corresponds with
Contacts 37-and 83
correspond with contact 14 in Hig. 1.
aerial conductor A and the coil 5 may be
made selective of or resonant with the trans-
mitted energy. Similarly by adjusting the
condenser 24 or the inductance 29, or both,
oscillations through the coil 4 may be made

The condenser
24 is adjustable also, and by adjusting either
‘the condenser 24 or inductance 29, or both, the

In this ar-

The -

L

31, and key 33.

ergy. However,if the period of the current
through the coil 4 is either greater than or
less than the period of the received oscilla-

tions the instrument will still be operative.
The cirenit 24 28 29 4 may be said to be ad-

justed to resorance with received energy, in
whieh case the period of the current through

coil 4 is equal to the period of the received
energy. | |

In Fig. 7, A
ductor of a transmitting-station, in series

‘with which and the earth-plate Eis the spark-

ogap 34. In shunt to the spark-gap 34 isa

condenser 35, of relatively great capacity,

whose connections to the spark-gap 34 are
throngh conductors which are short and

thick, and therefore of negligible induct-
ance. - In shunt to the spark-gap 5418 the

secondary of the transformer 32,in whose pri-

70

75

represents the usunal aerial con--

80

mary is the interrupter 30, source of energy

energy in a very few oscillations. This will
cause at the receiver the reception of a large
amount of energyin an extremely short time,

which is beneficial in the system herein de-

seribed. Itis to be understood that the mov-

‘able coil of the electrodynamometer is to be-

This transmitter will radiate
very forecibly and will emit a large amount of

90

95

extremely light, delicately supported or piv-
oted, and to have a very small inertia, so 1t

will respond quickly and accurately to the
‘Tecelved energy.
struct the moving coil of a conductor of alu-
mininm, as is common practice in electrody-

It is preferable to con-

namometer instruments employed in electric
lichting, &c. In  an  electrodynamometer

which I have employed for recording signals’

100

105

transmitted by electroradiant energy I have

constructed the fixed coil of sixteen turns of
No. 18 Brown & Sharpe gage-wire, while the.
movable coil was constructed of eight turns -

| | 110

of the same size wire. - | |
In Fig. 8, A represents the aerial conductor

between which and the earth-plate K 1s con-
nected a coil 5 of the electrodynamometer.
In this instance it is the movable coil, though

of course the stationary coil might be so con-
nected. The aerial circuit including coil &

The remaining

115

‘may, if desired, be selective of or resonant
‘with the transmitted waves.

coil.4 is in an independent circuit supplied

by alternating currents from secondary wind-

120

ing 47 of a transformer whose primary is

‘shown at 46. 39 is a source of energy, 40 an-

interrupter, and 41 a switch controliing the
primary circuit of the transformer 42. In
shunt to the secondary of the transformer 42

is the spark-gap 43, which is in series rela-

125

tion in circuit with adjustable condenser 44,
adjustableinductance 45, and the primary46.

By adjusting condenser 44 or inductance 45,

or both, the period of the high-frequency os-
cillatory currents in the circuit of the pri-

"1'30

mary 46 may.be determined. decondary 47 L
operates simply as a source of alternating -
currents of a frequency equal to the fre- -
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quency of the transmitted energy, (or greater
than or less than such frequencies, depending
upon adjustment of condenser 44 and induct-
ance 45.) The coil 4 operates as the induect-
ance element of a closed, resonant, or tuned
circuit, of which 48 forms the condenser. By
this means the current component of the en-
ergy supplied by the secondary 47 isincreased
for the purpose described in connection with
Fig. 5. In series with coil 4 is adjustable in-
ductance4’. It is to be understood also that
condenser 43818 adjustable, so that by adjust-

. Ing said condenser 48 orinductance 4/, or both

20
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inductance 53.

of them, the constants of the circuit 4 4’ 48
may be properly determined for the purposes
above described. -

In Fig. 9, A represents the usual aerial
conductor, between which and the earth-
plate H is connected the local closed, reso-

‘nant, or tuned ecircuit, comprising condenser

49, adjustable inductance 50, and coil 5 of
the electrodynamometer. Condenser 49 is
adjustable so that by adjusting said con-
denser, inductance 50, or both, the relations
of the constants of the local cirecuit may be
s0 adjusted as to cause such circuit to be a
closed, resonant, or tuned circuit with re-
spect to the frequency of the transmitted
energy. 4 represents theremaining winding
of an electrodynamometer and is located in
series with the circuit comprising adjustable
condenser 63, spark-gap 52, and adjustable
In shunt to the spark-gap 52
1S the secondary 51 of a transformer such as
42 in Fig. 8. The constants of the circuit,
including condenser 63, spark-gap 52, in-
ductance 53 and coil 4 are adjusted so that
the high-frequency alternating currents trav-
ersing such circeuit shall be of a period equal
to that, or approximately equal to the period
of the received electroradiations. By this
arrangement a double effectis obtained. In
the first place the ampere-turns in coil 5 due
to the received electroradiant energy are
made as great as possible, and, secondly, the
ampere-turns of the stationary coil are made
very great by resorting to a local source of
energy. T'his,then,greatly increases the prod-
uct of the ampere-turns of the two coils, re-
sulting in a very forcible deflection.

In Fig. 10 an arrangement is shown where
a still more forcible deflection may be ob-

tained. Between the aerial conductor A and

the earth -plate E is the closed, tuned, or
resonant circuit, including adjustable con-
denser 54, inductance 55, and one coil 5 of an
eletrodynamometer. Aspreviously deseribed,
this arrangement produces a relatively great
magnetic field by the winding 5 with a certain

amountof received energy. Theampere-turns
-oftheremainingcoil4areincreased bymaking

it either the entire or a portion of the induct-
ance of asecond closed, tuned, or resonant cir-

- cuit comprising the coil 4, adjustable induct-

ance 64, and the adjustable condenser 56,
which circuit is supplied with energy derived

|

|
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primary 58 of this transformer is in series with
the spark-gap 59, adjustable inductance 60,
and adjustable condenser 61. In shunt to
the spark-gap 59 is the secondary 62 of a
transformer, such as transformer 42. (Shown
in Fig. 8.) The period of the alternating
currents in the circuit of the primary 58 is
determined by inductance 60 and the con-
denser 61. DBy the arrangement shown in
Fig. 10, then, we have a maximum number
of ampere-turns in one coil of the electro-
dynamometer and a maximum number of
ampere-turns in the remaining coil of the
electrodynamometer due to theincreased cur-

rent component of alternating currents de-

rived from a local source of energy.

It is to be understood that in connection
with the invention herein described it is with-
in the ability of one skilled in the art to in-
terchange the movable and fixed coils of an
electrodynamometer in any of the ecircuits
shown or their equivalents, and, furthermore,
to use a pivoted coil in place of the coil sup-
ported by torsion ribbons or wires. It is fo
be understood also that a transmitter other
than the one shown in Fig. 7 may be used—
for example, transmitters which send out
trains of waves consisting of a great number
of waves, and therefore persistent.

It is to be undersfood that this system may

| be employed in connection with circuits

where a plurality of messages are simultane-
ously or independently received. It is to be
understood also that a Thomson balance may
be used instead of an electrodynamometer,
as herein shown, in which case one coil or
set of coils will displace the movable coil of
my electrodynamometer and the other coil
or set of coils will displace the fixed coil of
my electrodynamometer. It is to be under-
stood also that the current component of the

| energy of electric currents may be increased

by a step-down transformer as well as by the
closed, tuned, or resonant circuit herein de-
seribed.

What I claim is—

1. In a wireless signaling system, a wave-
responsive device ¢comprising an electrodyna-
mometer,

2. In awireless signaling system, a receiv-
ing-circuit,an electrodynamometerassociated
therewith,and a signal-producing circuit con-
trolled by said electrodynamometer.

3. In a wireless signaling system, a receiv-

‘Ing-conductor, a winding of an electrodyna-
i mometer associated therewith, and a signal-

producing circuit controlled by said electro-
dynamometer.

4. Inawireless signaling system, means for
producing a field of force by the received
energy, means for maintaining a second field
of force by locally-generated energy, and
means for producing a signal by the reaction
of said fields of force upon each other.

5. Inawireless signaling system, means for
producing a magnetic field by the received

] .
from the secondary of transformer 57. The | energy, means for producing a second mag-
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netie field atan angleof approximately ninety |

degrees with respect to the first magnetic
field, and means for producing a signal by

the reaction of sald magnetic fields npon each
other.

6. In a wireless signaling system, an elec-

trodynamometer,means forenergizing a wind-’

ing of said electrodynamometer by the re-
ceived energy, a source of locally-generated
energy energizing another winding of said
eleetrod}?namometel, and a signal- plod neing
circult controlled by said e]eetrodynmnom—
eter. |

7. Ina wirelesssignaling system, means for
producing a field of forece by the received
energy, means for maintaining a second field
of force by locally-generated energy of high
frequency, and means for producing a signal
by the reaction of said fields of force upon

each other.

8. In a wireless signaling qulem means for
producing a magnetic field by the received
energy, means tm maintaining a second mag-
nemo ield by loeﬂllv—ffeuemted carrents of a
frequencyequal to the frequency of the trans-
mitted electroradiant energy, and means for
producing a signal by tlw reaction of said
magnetic fields upon each other.

9 In a wireless signaling system, an elec-
trodynamometer,meansforenergizing a wind-
ing of said electrodynamometer by the re-
ceived energy, a second winding of said elec-

trodynamometer included in a local circuit,

and a source of locally-produced currents of
a frequency equal to the frequency of the
transmitted electroradiant energy included
1n said local circuit, and a signal-producing
circult controlled by said electrodynamom-
eter.
10. In a wireless Slﬂ‘n&hﬂﬂ" system, means
for producing a maﬂneme ﬁeld by the re-
celved energy,means forma,mtamm asecond
magnetic field by the increased current com-
ponentoflocally-generated energy,and means
for producing a signal by the reaction of said
magnetic fields upon each other.

11. In a wireless signaling system, means.

for transforming the received electroradiant
energy into the energy of electric currents,
means for increasing the current component
of said energy of electric currents, means for
producing a field of forece by the increased
current component, means for producing a
second field of force, and means for produc-
ing a signal by the reaction of said fields of

~ forece upon each other.

Go

12. In a wireless signaling system, means
for transforming the received electroradiant
energy into the . energy of electric currents,
means for increasing the current companent
of said energy of eleetrlc currents, means for
producing a field of force by the increased
current component, means for producing a

5

second field of foree by locally-generated en-
ergy, and means for producing a signal by
the reaction of sald fields of force upon each
other.

13. In a wireless signaling system, means
for transforming the received electroradiant
energy into 1:he energy of electric currents,
means for increasing the carrent component
of said energy of electric currents, means for
producing a field of force by the increased
current component, a source of locally-gen-
erated energy, means for inereasing the cur-
rent component of said local energy, means
for producing a second field of force by the
inereased current component of the local en-

ergy, and means for producing a signal by
the reaction of said fields of force upon each
other. |

14. In a wireless signaling system, means
for producing a field of force by the received

energy, a local source of energy, means for

increasing the current component of sald
local source of energy, means for producing
a second field of force by the increased cur-
rent component, and means for producing a
signal by the reaction of said fields of force
upon each other.

15. In a wireless signaling system, an elec-
trodynamometer, a winding of said electro-
dynamometer energized by the received en-

ergy, & second winding of said electrody-
namometer included in alocal circuit, a local
source of energy, means for increasing the

70
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currentcomponentof said local energy,means

for energizing said second winding by the in-
creased current component, and a signal-pro-
ducing circuit controlled by said electrody-
namometer.

16. In a wireless signaling system, an elec-
trodynamometer, means for increasing the

current component of the received energy, a

winding of said electrodynamometer ener-
gized by said increased current component, a
local source of energy energizing a second
winding of said electrodynamometer, and a
signal-producing circuit controlled by said
eleetrodynamometer

17. In a wireless signaling system, an elec-
trodynamometer, means for increasing the
current component of the received energy, a

winding of sald electrodynamometer ener-

gized by sald increased current component, a
local source of energy, means for increasing
the current component of said local energy, a
second winding of said electrodynamometer

energized by the increased current compo-

nent of the local energy, and a signal-pro-

ducing circuit controlled by said electrody-'

namometer
HARRY SI—IOEMAKER.

Witnesses:
- CHARLES K. COLLINS,
JAMES M. SAWYER.
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