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To all whom it may concermn:

Be it known that I, HARRY SHOEMAKER, &
citizen of the United States, residing at Phila-
delphia, county of Philadelphia, and State of

5 Pennsylvania, have invented a new and use-
ful Improvement in the Art of Transmitting
Intelligence, of which the following is a speci-
fication.

My invention relates to a method of trans-

1o mitting intelligence by means of electrora-
diant energy Lransmltted through the natural
media.

My invention is a method of transmitting
signals, more particularly the method of re-
ceiving the electroradiantenergy and causing
it to produce signals by causing the energy
received to produce manifestation by means
of an electrodynamoieter, which is, in fact,
the wave-responsive device of my system.

My invention consists also in a method
whereby feeble energy received is most effi-
ciently used in producing a signal.

My invention consists also of a method of
employingan electrodynamometerin a closed,
resonant, or tuned circuit, the electrodyna-
mometer winding or windings forming a part
of or the entire inductance of such circuit.

My invention consists, further, in a method
of producing a signal which consists in con-
necting a winding of an electrodynamometer
in a circuit traversed by oscillatory currents
derived from the received electroradiant en-
ergy while subjecting the other winding to
oscillatory currents derived from a local
source of ‘energy, such local currents being
of a frequency less than, equal to, or greater
than the frequency of the transmitted energy.

My invention consists also in a method of

maintaining a magnetic field by means of a:
loeal source of oacﬂl&tmy currrents and sub-
jecting to the action of such magnetic field
means for producing another magnetie field .
due to the osecillatory eurrents derived from
the received electroradiant energy. ;

My invention consists, further, in produe-
ing a magnetic field by the received electro-
radiant energy and maintaining a second-
magnetic field by means of the increased cur-
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rent compounent of energy in a closed, tuned,
or resonant cireuit.

My invention consists, further, in including
one of the windings of an electrodynamome-
ter in a closed, tuned,or resonant circuit trav-
ersed by currents due to the received elec-
troradiant energy while including the re- 5s
maining winding of the electrodynamometer
ina cm,mt supphed by oscillatory currents
from a local source of energy.

My invention consists, further, in subject- ,
ing one of the windings of an electrodyna- 6o
mometer to currents due to the received elec-
troradiant energy and traversing a closed,
resonant, or tuned circuit and subjecting the
remaining winding of the electrodynamome-
ter to currents traversing a closed, resonant, 65
or tuned circuit, which earrents are derived
from a local source of energy.

The electrodynamometer is an instrument
well known in the electrical arts and in its
earliest form was known as the *“ Weber” dy- 70
namometer. It is well known that such an
instrument responds to either direct currents
or alternating currents and is independent of
the frequency of such currents, because the

50

| reversal of currents in one winding is simul- 5

taneous with the reversal of current in the
remaining winding, and therefore the reac-
tion of the magnetic fields due to these wind-
ings is always in the same direction. I em-
ploy the force exerted by the windings of an 8o
electrodynamometer upon each other due to
the currents produced by electroradiant en-
ergy to control a loeal circuit including the
smndl recording or producing anpdratub I
have found that with the currents produced 85
at a receiving-station by eleetroradiant en-

-ergy Ican by means of an electrodynamome-

ter suitably -constructed and arranged pro-
duce force sufficient to control local circuits

for the purpose of operating signal recording go

.or producing means.

Reference is to be had to the accompanying
drawings, in which—

Figure 1 is an elevational view, partly in
dmma,m of an eleetrodynamometer instru- g5
ment Fi ig. 2 is a partial plan view from the
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top of the electrodynamometer shown in Fig.
1 with the support shown in section. TFig. 3
is a parsial plan view looking upwardly to-
ward the member 18. Fig. 4 is a diagram-
matic view showing the electrodynamometer-
coils connected in series with each other and
in series with the usual aerial conductor of a
wireless signaling system. Fig. 5 is a dia-
grammatic view of a closed, resonant, or
tuned circuitineludedin theaerial conductor,
the windings of the electrodynamometer form-
ing a portion of the inductance of the said
closed, resonant, or tuned cirenit. Fig. 6* is
a diagrammatic view ¢f a modified arrange-
ment of the receiver-circuits. TFig. 6 is a
fragmentary view showing the circuit-con-
trolling contacts in duplicate in connection
with the movable coil of the electrodyna-
mometer when employed as shown in Fig. 6*
and others. Tig. 7 is a diagrammatic view
of transmitting-circuits. Fig. 8is a diagram-
matic view showing one of the windings of an
electrodynamometerin a closed, resonant, or
tuned circuit traversed by currents derived
from a local source. Fig. 9 is a diagram-
matic view similar to Fig. 5, except that one
of the windings of the electrodynamometer is
supplied by oscillatory currents from a local
source. Fig.10is a diagraminatic view simi-
lar to Fig. 5, except that one of the coils of
the electrodynamometer is included in a
closed, resonant, or tuned circuit and trav-
ersed by currents derived from alocal source.

In Fig. 1, 1 represents a base from which
rise two supports 2, supporting at their up-
perextremities member 3. Members123are
preferably of insanlating material. 4 repre-
sents the stationary coil of the electrodyna-
mometer, within which issupported the mov-
able coil 5, which carries relatively heavy
supporting means, as clearly shown, and to
these means are secured the torsional metallic
ribbons 6and 7. The upper ribbon 6 is joined
at its upper end to the torsion-head 10, while
the lower ribbon 7 is connected at its lower
extremity to the leaf 8, which is in electrical
communication with the binding-post 9. 11
and 12 are binding-posts for stationary coil
4, 13 is the movable contact in the loeal cir-
cuit to be controlled and is of a form clearly
shown in Fig. 3 and constitutes a U-shaped
metallic spring secured at its inner end to the
extension from coil 5 and contacting with its
outer end with the screw 14, which passes
through 2 and is serew-threaded in thelug 39,
extended from the lower side of the member
18. Stationary coil 4 is, in fact, two coils
slightly separated from each other by insulat-
ing material, as shown in Figs. 2 and 3, and
through said insulating material are openings
at opposite ends of the diameter, through
which pass the extension from coil 5.

In Fig. 2 the upper opening is shown at 21.

In Fig. 3, 19 represents a corresponding
opening in member 18 to permit the passage
of said extension from coil 5.

InFig. 8,20 representsa counterpoise which
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is, in fact, a nut engaging a screw-threaded ex-
tension of the contact 13. By means of this
counterpoise the center of gravity of the mov-
ing system may be kept in the vertical geo-
metric axis. 15isa binding-postin electrical
communication with the serew 14, and from
said binding-post 15 extends a conduetor from
the relay 16 or other recording device in a lo-
calcireuit, including battery 17, binding-post
9, ribbon 7, and eontact 13. A represents the
usual aerial conductor of a wireless signaling
system and connects at its lower extremity
with binding -post 12, which then communi-
cates with one terminal of coil 4, whose remain-
ing terminal connects by binding-post 11 and
conductor with ribbon 6, the eoil 5, ribbon 7,
spring 8, and earth-plate E. This is precisely
the arrangement of connection of the electro-
dynamometer. Upon the reception of elec-
troradiant energy upon an aerial conductor
alternating currents of very high frequency
pass through the coils of the electrodynamom-
eter, and by the well -known reaction the
moving coil 5 is slightly displaced and in vir-
tue of such displacement closes the local eir-
cnitat contacts 13 and 14, The circuit shown
in Fig. 4 is the simplest mode of connection
for an electrodynamometer, and in this con-
nection it is to be remembered that the in-
ductance of the windings of the electrodyna-
mometer may operate as a frequency-deter-
mining element for rendering the receiving-
circuit selective of or resonant with the trans-
mitted energy.

In Fig. 5, A represents the usual aerial con-
ductor, between which and the earth-plate It
is connected the closed, tuned, or resonant
circuit 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 the
combined inductance of the coils 4and 5 and
inductance 23, having certain eritical propor-
tions, there will flow in the local circuit, in-
cluding the condenser 22, the windings of an
electrodynamometer, and the inductance 23,
a relatively large current. In other words,
of the energy received at the receiving-station
the current component of the resulting elec-
tric-current energy is inereased by this ar-
rangement of circunits, though of course the
actual energy is in no way increased. How-
ever, since the magnetic fields depend for
their strength simply upon the ampere-turns
of their respective coils a gain is made by in-
creasing the current component for the pur-
pose of increasing said ampere-turns. With
this increased current through the windings
of the electrodynamometer-coils 4 and 5 there
is then an increased reaction between such
coils for the same amount of energy arriving,
and theeffectis greater than with the arrange-
ment shown in Fig. 4. Coil 5, as explained
heretofore, is the moving coil and controls
the local eircuit.

In Fig. 6*, A represents the usnal aerial con-
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ductor, between which and the earth-plate E
is connected a coil of an electrodynamometer,
and in this case it is the moving coil 5. The
stationary coil 4 is not in electrical commu-
nieation with the aerial conductor, nor is it
traversed by any such current resulting from
the received electroradiant energy. It is,
however, traversed by oscillatory currents
derived from a local source of energy 26,
which is a battery in series with. interrupter
27 and the primary of transformer 25, whose
secondary is shunted to the spark-gap 28.

The spark-gap 28 is in series with the con-

denser 24, stationary coil 4, and the adjust-
able induetance 29. This eircnit, ineluding
condenser 24, stationary coil 4, and adjust-

able inductance 29, is traversed by an alter-

nating current of afrequency dependent upon
the capacity 24 and the combined inductance
of the coil 4 and inductance 29.- The con-
denser 24 isadjustable also, and by adjusting
either the condenser 24 or inductance 29, or

‘both; the frequency of the alternating cur-

rents flowing through the eoil 4 may be ad-
justed so as to be equal to the frequency of
the received energy. - The purpose of this ar-
rangement is to obtain a maximum effect in
the receiver for the slight amount of energy
received. The reactive force between the
coils of an electrodynamometer is a function
of the product of the ampere-turns of the coils.
The current flowing through coil 5 being nec-
essarily small, the ampere-turns of such coil
are relatively few. To compensate for this
weak field, the above arrangement is resorted

to,forthen a considerable current can be made

to traverse the coil 4, and such coil 4 will in

consequence develop a relatively powerful

magnetic field. The result is, then, that the

product of the ampere-turns of the two coils-

is inereased, and therefore with a relatively
small amounn of received energy a re]atwelv
powerful deflection of the movable coil may
be obtained. The prineciple 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 cur-
rent, and such coil is supported in a very
powerful magnetic field in order that the re-
sulting deﬂecm’on may be a strong one.
this arrangement coil 5 may be of compara-

tively large number of turns of relatively-

small conductor, while coil 4 may be of com-
paratively large conductor and few turns.
Inasmuch as coils 4 5.in this arrangement are
independent, the coil 5 mnay rotate either in
a clockwise direction or a counter-clockwise
direction, depending upon the relative phase
relation of the arriving energy and the éenergy
in the coil. To insure closure of the local
circuit in whichever direction the coil 5 may
start, I supply, as shown in Fig. 6°, two con-
tacts 37 and 38.
nected” together, and the contact 3G corre-
sponds. with the contact 18 in Fig. 1.
tacts 37 and 38 correspond with contact 14
in ‘Fig. 1. The aerial conductor A and the

very few oscillations.

In.

Contacts 37 and 3S are con--

Con-,

coil 5 may be made selective of or resonant
with the transmitted energy. Similarly by
adjusting the condenser 24 or the inductance
29, or both, oscillations through the coil 4 may
be made equal in rate to that of the trans-
mitted energy. Tlowever, if the period of the
current through the coil 4 is either greater
than or less than the period of the received
oscillations the instrument will still be oper-
ative. The cireuit 24 28 29 4 may be said
to be adjusted to resonance with received en-

ergy, in which case the period of the current.

through coil 4 is equal to the period of the
recelved energy.

In Fig. 7, Arepresents the usual aerial con-
ductor of a transmlbmng-statlon in series with
which and the earth-plate E isthe spark-gap
34, In shunt to the spark-gap 34 is a eon-
denser 35 of relatively great capacity, whose
connections to the spark-gap 34 are through
conductors which are short and thick, and
therefore of negligible induetance.
to the spark-gap 34 is the secondary of the
transformer 32, in whose primary is the inter-
rupter 30, source of energy 31, and key 33.
This transmitter will radiate very forcibly
and will emit a large amount of eunergy in a
This will cause at the
receiver the reception of a large amount of
energy in an extremely short time, which is
beneficial in a system as herein described.

It is to be understood that the movable coil.

of the electrodynamometer is to be extremely
light, delicately supported or pivoted, and
havmw a very small inertia, so it will respond

Inshunt
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qmckly and accurately to the received en- :

ergy. It is preferable to construct the mov-
ing coil of a conductor of aluminium, as is

105

common practice in electrodynamometer in- -

struments. employed in making measure-
ments in electric lighting, &ec. In an elec-
trodynamometer which I have employed for
recording signals transmitted by electrora-
dianceenergy I have constructed the fixed coil
of sixteen turns of No. 18 Brown & Sharpe
gage-wire,while the movable coil is construet-
ed of eight turns of the same-sized wire. The
diameter of the fixed coil was approximately
oneand one-fourth inches in diameter and the
movable coil made as large as possible,and yet
capable of free movement within the fixed
coil. The movable coil was mounted upon
jewel pivot-bearings and was opposed in its
motion by a very weak flat spiral spring, one
end of which was counected to a pivot-pin,
while the other end was se(,ured to the frame
of the apparatus.

In Fig. 8, Arepresents the aenal conductor
between which and the earth-plate E is con-
nected a coil 5 of the electrodynamometer.
In this instance it is the movable ceil, though
of course the stationary coil might be so con-
nected. The aerial eircuit, including coil 5,
may, if desired, be selective of or resonant
with the transmitted waves. The remaining
coil 4 is in an independent circuit supplied
by alternating-currents -from: the secondary
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winding 47 of a transformer whose primary
is shown at 46. 39 is a source of energy, 40
an interrupter, and 41 a switch controlling
the primary circuit of the transformer42. In
shunt to the secondary of the transformer 42
is the spark-gap 43, which is in series rela-
tion in circuit with adjustable condenser 44,
adjustable inductance 45, and the primary
46. By adjusting condenser44 or inductance
45, or both, the period of the high-frequency
oscillatory currents in the circuit of the pri-
mary 46 may be determined. The secondary
47 operates simply as a source of alternating
currents of a frequency equal to or approxi-
mately equal to the frequency of the trans-
mitted energy (greater than or less than such
frequencies, depending upon the adjustment
of condenser 44 and inductance 45.) The
coil 4 operates as the inductance element of
a closed, resonant, or tuned cireuit, of which
48 forms the condenser. By this means the
current component of the energy supplied by
the secondary 47 is increased for the purpose
described in connection with Fig. 5. In se-
ries with coil 4 is the adjustable inductance
4'. TItisto be understood also that condenser
48 is adjustable, so that by adjusting said
condenser 48 or inductance 4', or both of
them, the constants of the circuit 44’ 48 may
be properly determined for the purposes above
described.

In Fig. 9, A represents the usual aerial con-
duector, between which and the earth-plate E
is connected the local closed resonance or
tuned ecircuit comprising condenser 49, ad-
justable induectance 50, and a coil 5 of the
electrodynamometer. Condenser 49 is adjust-
able, so that by adjusting said condenser, in-
duetance 50, or both, the relations of the con-
stants of the local circuit may be so propor-
tioned as to cause such circuit to be a closed,
resonant, or tuned circuit with respect to the
frequency of the transmitted energy. 4rep-
resents the remaining winding of an electro-
dynamometer and is located in series with
the circuit comprising adjustable condenser
63, spark-gap 52, and adjustable inductance
53. In shunt to the spark-gap 52 is the sec-
ondary 51 of a transformer, such as 42 in Fig.
8. The constants of the circuit ineluding
condenser 63, spark-gap 52, inductance 53,
and coil 4 are adjusted so that the high-fre-
quency alternating currents traversing such
circuit shall be of a period equal to that or
approximately equal to the period of the re-
ceived electroradiations. By this arrange-
ment a double effect is 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.
This then greatly increases the product of the
ampere-turns of the two coils, resulting in a
very foreible deflection.

In Fig. 10 an arrangement is shown by
which a still more forcible deflection may be

711,445

obtained. Between the aerial conductor A
and the earth-plate E is the closed, tuned, or
resonant eircuit, including adjustable con-
denser 54, inductance 55, and one coil 5 of
an electrodynamometer. As previously de-
scribed, this arrangement produces a rela-
tively great magnetic field by the winding 5
with a certain amount of received energy.
The ampere-turns of the remaining coil 4 are
inereased by making it either the entire ora
portion of the inductance of a second closed,
tuned, or resonant cireuit, comprising the coil
4, adjuastable inductance 64, and the adjust-
able condenser 56, which cireuit is supplied
with energy derived from the secondary of a
transformer 57. The primary 58 of this trans-
former is in series with the spark-gap 59, ad-
justable induectance 61, and adjustable con-
denser 60. In shunt to the spark-gap 59 is
the secondary 62 of a transformer, such as
transformer 42. (Shownin Fig.8.) The pe-
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riod of the alternating currents in the eireuit .

of the primary 58 is determined by induet-
ance 60 and condenser 61. By the arrange-
ment shown in Fig. 10, then, we have a maxi-
mum number of ampere-turns in one coil of
the electrodynamometer and a maximum
number of ampere-turns in the remaining
coil, due to the increased current component
of alternating eurrents derived from a local
source of energy.

It is to be understuod that in connection
with the invention herein described it is
within the ability of one skilled in the art to
interchange the movable and fixed coils of an
electrodynamometer in any of the circuits
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 to be understood also that a transmit-
ter other than the one shown in Fig. 7 may be
used—for example, a transmitter which emits
trains of waves consisting of a great number
of waves, and therefore persistent.

It is to be understood that this system may
be employed in connection with circuits for
a plurality of messages or simultaneously or
independently received.

It is to be understood also that a Thomson
balance may be used instead of an electro-
dynamometer, as herein shown, in which case
one coil or set of coils will displace the mov-
able coil of my electrodynamometer and the
other coil or set of coils will displace the fixed
coil of my electrodynamometer.

It is to be understood also that the eurrent
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 described.

This application is a division of my appli-
cation filed September 16, 1902, and bearing
Serial No. 123,653.

‘What I elaim is—

1. The method of rendering intelligible
transmitted electroradiant energy represent-
ing a signal or message, which consists in
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producing magnetic fields by the received
electroradiant energy, and producing a sig-
nal by the action of said magnetic ﬁelds upon
each other,
2. The method of rendering intelligible

transimitted electroradiant energy represent-

ing a signal or message, which consists in
producing magnetic fields at an angle of ap-
proximately ninety degrees with respect to
each other by the recelved energy, and pro-
ducing a signal by the aetion of said mag-
netic ﬁelds upon each other.

3. The method of rendering 1ntellmble
transmitted electroradiant energy repxesenb
ing a signal or message, which consists in
transforming the electroradiant energy into
the energy of electric currents, producing
magnetic fields by said electri¢ current, and
producuw a swnal by the reaction of said
fields upon each other,

4, The method of rendering intelligible
transmitted electroradiantenergy, which con-
sists in transforming the received energy into

the energy of electric currents, generating:

magnetic fields at an angle of approximately
ninety degrees with respect to each other by
said currents, and produecing a signal by the
reaction of said magnetic fields upon each
other.

5. The method of rendering intelligible
transmitted electroradiant energy,which con-
sists in transforming the received electrora-
diant energy into the energy of electric cur-
rents, energizing an electrodynamometer by
said currents, and producing a signal by the
deflection of a member of said electrodyna-
mometer. )

6. The method of rendering intelligible
transmitted electroradiantenergy, which con-
sists in producing a magnetic field by the re-
ceived electroradiant energy, maintaining a
second magneticfield by locally-produced cur-
rents of a frequency approximately equal to
the frequency of the transmitted energy, and
producing a signal by the action of sald mag-
netic fields upon each other.

7. The method of rendering intelligible
transmitted electroradiant energy,which con-
sists in producing a magnetic field due to the
received electroradiant energy, maintaining
a second magnetic field by locally-generated
energy, and prodncing a signal by the action
of said magnetic fields upon each other.

8. The method of rendering intelligible

transmitted electroradiant energy,which con-
sists in producing a field of force by the re-
ceived electroradiant energy, maintaining a
second field of force by locally-produced cur-
rents of a frequency approximately equal to
the frequency of the transmitted energy, and
producing a signal by the action of seud fields
of force upon ea.ch other.

9. The method of rendering intelligible
transmitted electroradiant energy, which con-
sists in producing a field of force by the re-

5

‘ceived electroradiant energy, maintaining a

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

10. The method of rendering intelligible

transmitted electroradiant energy,which con-’

sists in producing a field of force due to the
received electroradiant energy, maintaining
a second field of force by locally-generated en-

ergy of high frequency, and producinv a 8ig-

nal by the action of said fields of force upon
each other.

. The method of rendering intelligible
‘oransmit.ted electroradiant energy,which con-
sists in transforming the received energy into
the energy of electric currents, increasing the
current component of the energy of electric
currents, producing magnetic fields by the
increased current component, and producing
a signal by the interaction of said magnetic
ﬁelds

The method of rendermrr inteiligible
transmlbted electroradiant enewy,whlch con-
sists in transforming the received radiant en-
ergy into the energy of electric currents, en-
ergizing an electrodynamometer by the in-
creased current component of the energy of
electric currents, and producing a signal by
the deflection of a member of the electrody-
namometer. }

13. The method of rendering intelligible
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transmitted electroradiant energy,which con- -

sists in transforming the received radiant en-
ergy into the energy of electric currents, in-
creasing the current component of the energy
of electric currents, producing a field of force
by the increased eurrenb component, main-
taining a field of forece by energy locally pro-
duced, and producing a signal by the reaction
of said fields of force upon each other.
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14. The method of rendering intelligible -

transmitted electroradiant en ergy, which ( con-
sists in transforming the received radiant en-

“ergy into the energy of electric currents, in-

creasing the current component of the energy
of electric currents, producing a field of force
by the increased current component, main-
taining a field of force by energy locally gen-

erabed and having high frequency, and pro-

ducing a signal by the reaction of said fields
of force upon each other.

15. The method of rendering intelligible
transmitted electroradiant energy,which con-
sists in transforming the received radiant en-
ergy into the energy of electric eurrents, pro-
duecing a field of force by the increased cur-
rent component, maintaining a field of force
bytheincreased current component of energy
locally generated, and produeing a signal by

the reaetxon of saxd ﬁelds of forece upon each

other.

‘ HARRY SHOEMAKER,
Witnesses:

Arice T. BURROUGH,
MAE HOFMANN.
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