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To all whom it mr;by COnCern:

‘Be 1t known that I, JorN STonE STONE. a

~ citizen of the United btates and a resident of

IO
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Cambridge, in the county of Middlesex and
State of Ma_ssachusetts,_ have invented a cer-
tain new and useful Improvement in Space

_ Telewraphy, of which the following is a speci-

fication.

My invention relates to the art of trans-
mitting intelligence from one station to an-
other by means of electromagnetic waves

without the use of wires to 0‘111(16 the waves-

to their destination; and it relates more. par-

ticularly to the system of such transmission
in which the electroma,n‘netlc waves are de-

veloped by producing e_lectrlc vibrations or
- oscillations in an elevated conductor, prefer-
ably vertically elevated, whereby the electric
force of the radiated waves becomes normal
to the surface of the earth and the magnetic

force thereof becomes parallel to said surfa,ce;

Such waves I have termed ** free or unguided

electromagnetic waves” to distinguish them
from waves guided to théir destination by
wires, although the earth or water over which
they pass exerts a guiding influence. -

In my Letters P&tent Nos. 714,756 &nd
7 14,831, dated December 2, 1902, 1 have de-

o scrlbed such systems of transmlssmn in which
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a sonorous or persistently-oscillating circuit
1s associated with an elevated conductor at a
transmitting-station as a means for develop-
ing in said conductor forced simple harmonic
electric osmllatlons of a definite frequency,
whereby simple harmonic electromagnetic

- waves are transmitted by said conductm and

AO

I have also described a closed resonant CII‘CLllt-

attuned to said frequency and associated with
an elevated conductor at a

recelving-station
for selectively absorbing the energy of the

simple harmonic electromagnetic waves gen-

In

erated by the transmitting - conductor.

- sald Letters Patent the cha,mcterlstlcb of the
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elevated conductors are not specified, because
the sonorous circuit therein described isadapt-

ed adapted to be associated with any form of
~elevated conductor, which would then radiate |

simple electr_omauoneltlc waves independently
of the electrical and geometric constants of

sald elevated conductor,: and the receivmcf

system is adapted to Selcctlvely recelve the

energy of the waves to which the Iesonant

recelving circult or circuits are attuned ir-

respective of the electrical or the geometric
constants of any elevated receivin U—conductor

Patented August 16, 1904;
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with which said resonant receiving circuit or

“circults may be associated.

Althoucrh I have successtully employed an

elevated conductor consisting of a single wire, -
'T have found that an elevated-conductor SyS-

‘o

tem consisting of a plurality of separated

wires or conduetors or a sheet of metal is more
efficient than one consisting of a single wire,
such as commonly employed __

An elevated-conductor system consmtmcr of
a plurality of separated parallel wires or con-
ductors employed as a transmitting-conductor
system has long been known, and therefore
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“1s not claimed broadly, but only in combina-

tion with a system in which forced substan-

tially simple harmonic electrical oscillations

are developed in such elevated-conductor sys-
tem by means of a sonorous circuit associated
therewith in contradistinction to the systems

most commonly used to-day in which elec-

trical oscillations are c¢reated in the elevated

conductor by causing an -oscillatory electric
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discharge to take place at a sp&rk—wap in the

'elevatud conductor itself.

A system employing an elevated transmit-
ting - conductor system- consisting of a plu-
rality of separated parallel wires, the lower

ends of all of which are connected to the same
pole of an oscillator, such as the Righi oscil-
lator, (2. e., to one tarmmal of a spark—ﬂ'a,p.,)
the other pole of which (2. ¢., the other ter-

minal of the spark-gap) is connected to earth,
has been described by Dr. Angelo Della Ric-
cm on page 352 of 4 pubhcamon entitled the

* Rawvista di Artiglieria ¢ Genio,” published

at Rome, June, 1898, and on page 353 of said.

publication has been set forth the theory ot
such elevated-conductor swtem——namely, that
in such conductor system the capacity is in-
creased and the self-induction decreased.
According to Della Riceia the multiple-wire
radiating system described in said publication
was used by Marconi at an earlv date and
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suchasystem,consisting of four vertical wires,
cach 48.6 meters long, connccted together at

top and bottom, but kept apart throughout

their length by being suspended from the
arms of a wooden cross each four meters long:,
was afterward patented abroad by said Mar-
coni, and reference may therefore be had to
his Belgian Patent, No. 152,810, October 25.
1900, published December 15, 1900. A simi-
lar multiple-conductor radiating system con-
sisting of several separated paralle! conduc-
tors all connected at their lower extremities
to an oscillator has been described in a pub-
lication entitled f“B-*?.c.-ZZet-zf:?z de 0 Association
des Ingenieurs Llectriciens sortis de I Insti-
tute Lilectrotechnique Montefiore,” pages 200
202, published at Liege, June, 1898. A sys-
tem employing such system of parallel wires,
as a receiving-conductor connected in series
with a coherer, has been described in the
French patent to Dr. Ferdinand Braun, No.
286,623, dated May 8, 1899, and published
August 17, 1899. In United States Letters
Patent No. 706,737, dated August 12, 1900, a
similar conductor is described, and certain ad-
vantages alleged to result from its use have
been set forth therein, while a more detailed
exposition of the theory of such conductor
than is contained in said patent is to be found
on pages 1003 and 1004 of the Zlectrical
World and Engineer, Vol. 37, published at
New York, June 29, 1901.
18 explained that inasmuch as the equation for
the logarithmic decrement of electrical oscil-

lations contains the term = sald decrement

L
may be decreased—r+. ¢., the oscillations may
be prolonged or rendered more persistent—Dhy
increasing Li, the inductance, or by decreas-
ing R, the resistance, or both, but that it is
preferable to decrease resistance, so as not to
change the period of oscillation. In Patent
No. 706,737 it is explained that the object of
using a transmitting-conductor consisting of
a metallic cylinder, which is alleged to be the
equivalent of several conductors in parallel,
1s to obtain electrical oscillations of such low
frequency-—tor example, one hundred thou-
sand periods per second—that mechanical
moverents may be produced by the direct in-
teraction of currents produced by such waves
and a magnetic field, to increase the energoy
of the system by increasing the capacity of
the elevated conductor. to make the elevated
conductor a persistent oscillator, so that
“resonance effects” may be obtained, and.
finally, to produce simple harmonic electro-
magnetic signal-waves. Such uses of an ele-
vated conductor herein described form no
part of this invention, as will be hereinafter
explained. |

In the drawings which accompany and form
part of this specifi

are diagrammatic illustrations of three forms

In this paper it

cation, Figures 1, 2, and 3
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of transmitting apparatus, and Fig. 4isa dia-
grammatic itlustration of a recelving systen.

In the figures of the drawings, A represents
asource of periodically-varying electromotive
force, which may be an alternating-current
generator. M M’ M" are transformers. T,
L' are inductances. C ' C are condensers.
S 1sa spark-gap.  Aisakey. IKisanecleetro-
receptivedevice or wave-detector.  Bisa hat-
tery. Risarelay orsignal-indicating device.
V 1s an elevated conductor, consisting of a
plarality of wires or conductors which may
or may not be parallel, the lower ends of all

of which are connected to the same terminal

of one of the windings of transformer M. At
the transmitting-station this conductor is con-
nected to the secondary winding of said trans-
former, and at the receiving-station it is con-
nected to the primary thereof. Inlicu of the
elevated conductor above described T may
employ a conductor consisting of a shect of
metal.

For detalls of apparatus and the operation
thereof reference may be had to my Letters
Patent hereinbefore referred to, 1t beinge sufli-
client 1n this specification to say that the cireuit
CS L M and the eircuit or circuits interposed
between said circuit and the elevated conduc-
tor are sonorous or persistently-oscillating
circults each attuned to the same definite
frequency, that the transformers M M’ M
are preferably step-up transformers arranged
to transform in the same direction, and that
instead of a single resonant circuit, such as
shown in Fig. 4, a group of resonant circuits
may be interposed between the receivine-con-
ductor and the electroreceptive or eclectric
translating device, as described in my prior
patents, and that such group of resonant
circuits when employed are to he connected
inductively in series by step-up transformers
arranged to transform in the same direction.
The elevated-conductor system V M K may
have its fundamental equal to the period of
the circuits associated therewith, as desceribed

[ —

| In my prior patents.

In Kig. 3 the multiple-conductor radiating
system 1s shown as applied to the transmit-
ting system described in my Patent No.
(14,832, December?2, 1902, in which the auxil-
lary inductance-coil 1. may be suppressed, its
function being performed by the primary of
transformer M when the ratio of thesquare of
the mutual inductance between the sonorous
circult and the elevated conductor to the prod-
uct of the inductances of the two associated
circuits is small compared to unity.

By adjusting the electromagnetic constants
of the sonorous circuit S C M L and of all

' resonant circuits interposed between said ¢ir-

cuit and the elevated conductor, if such reso-
nant circuits are used as shownin Fig. 2, the

frequency of the electrical oscillations devel-

oped 1n said circuit or circuits is determined,
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and since these electrical oscillations are forced
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- upon theelevated conductor V, as explained in
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- proportional to the electrostatic capacity of |

G

my prior patents, the frequency of the elec-
tricaloscillationsin the elevated cond uctor,and
consequently the frequency of the electromage-

'netic waves radiated therefrom, is also deter-

mined by the electromagnetic constants of
sald sonorous circuit independently of the
fundamental period or the geometric con-
stants of said elevated conductor.
ciently increasing the capacity of condenser
C and the inductance of the sonorous cir-
cultt or by simply increasing the capacity
of said condenser as low a frequency as may

‘be desired may be obtained. 1 therefore do

not employ the elevated conductor herein de-
scribed for determining the frequency of the

radiated waves or for producing electromag-

netic waves of a low frequency. L
T'he potential energy stored in a system is

the system and to the square of the potential

~ to which said system is charged. By in-

25

‘may be increased; but the capacity of the sys-|
- tem does not increase proportionately to the [

30

-creasing the capacity of the elevated conduc-

tor the potential energy of said' conductor

number of conductors employed. - In fact, it
increases very slowly as the number of con-
ductors-is increased when the conductors are

- close together, while with a spark-gap in-

35
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- Ing system so formed being connected in se-

45 |

~ the number of condenser-plates—and this in-

cluded in series with the elevated conductor

the potential to ‘which the system may be
charged is limited to that potential difference

just sufficient to produce a spark at the gap, as
- I have pointed out in my Letters Patent No.

714,832, December 2,1902. It will therefore

be-seen that the energy of a system employ-
 Ing a plurality of radiating-conductors or a

metallic cylinder, the lower end of the radiat-

ries with a spark-gap, is subject to the limita-
tlons ‘above set forth
oreatly increased.

- In the system herein described the capacity

of the condenser C may be increased at will

by merely increasing the surface of the con-

denser—for example, by merely increasing

crease of. capacity, as is well known, is di-

- rectly ;proportional to such increase of con-

3

6o

- may be increased at will by means of the step-
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denser-surface. The capacity of the con-
denser C therefore can be made many times
greater than the capacity of any system of

elevated conductors of practicable construc-

tion. - .

- While the potential to which condenser C
may be charged is limited to the difference of

potential just sufficient to produce a spark at
the gap 8, the potential of the electrical oscil-
lations impressed upon the elevated conductor

up transformer M or the step-up transformers

M -M/', or any number of them. Tt will there-"

fore be seen that I do not employ a radiation

By suffi-

energy by radiation.

and cannot be very

waves.
conductor system herein described to produce
persistent trains of electromagnétic waves or

system such as described herein, because it
possesses greater capacity than a single con-
tha greater -

ductor and may thus be charged wi
amount of potential energy. - .
- The sonorous circuit S C M L is a persist-

ently - oscillating circuit because of its ca-

pacity and inductance and because of the re-
lation of its resistance thereto, and whereas

S
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a radiating-conductor consisting of a cylinder

or alarge number of wires connected directly

to a spark-gap is practically aperiodic I have

experimentally determined that the sonorous
circuit hereinbefore mentioned may easily be
designed so as to be an extremely-persistent
oscillator. | | | |

- The reason why an ,eleva,ted-conduc_tor Sys-
tem consisting of a plurality of separated con-

ductors is practically aperiodic is because of

large radiating power. Even if the factor
R /L were applicable to determine the rate of

decay of electrical oscillations in an elevated- -

75
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| 1ts relatively small inductance and relatively -

conductor system of any type it is obvious

‘that in the system herein described, where a

plurality of separated conductors are con-

ole;

nected together in parallel, the inductance. as |

well ‘as the resistance, of the system is de-
~creased, so that the value of. the factor R/I;
118 not materially altered. However, the fac-
tor R/L: does not enter into' the determina-
‘tion of the persistency of oscillation ofa linear |
‘oscillator, as is the case with a closed oscil- |
lator, from which there is but small loss of

| The inductance of the -
‘elevated-conductor system herein described is
‘much smaller than that of a single wire, the
‘resistance is also smaller, and the capacity is
larger; but this does not in any way make it
‘a more persistent oscillator than asingle wire,
‘since 1t is an even better radiator than the
single wire and will therefore be morerapidly
~damped through loss of itsenergy than would

be the case with a single wire. The mere

.
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fact that the resistance of the elevated-con- '

“ductor system -is lower than that of a single

wire can have little or inappreciable effect,

since the energy dissipated in an oscillator

IIO

owing to the resistance of the wire is negli-

gible compared to that' dissipated by radia-

tion. | R . |

It has been alleged that a radiating system
consisting of a large number of wires is by
virtue of its supposed uniformly-distributed
capacity and inductance adapted to develop
simple harmonic = electromagnetic waves,
whereas mathematical analysis indicates the

115
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contrary. As tully set forth in my prior
patents, the electromagnetic waves radiated

by thesystem herein described independently *

of the geometric or electrical constants of the

elevated conductor are simple harmonic
I therefore do not use the elevated-

i

to produce resonant effects at a receiving-sta-
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tem per unit of time.

!
L
+

tion, nor do I use such conductor to produce
sm]ple harmonic electromagnetic waves, as
all these results are effected bv the system de-
scribed in my prior patents hereinbefore re-
ferred to when asingle-wire elevated conduc-
tor 1s employed as a radiating system.

When a single-wire elemted conductor 1s

enaployed as a radnbmfr system and is for this
purpose associated With a sonorous clreult,
only a limited amount of the energy of said
sonorous circult can be conveyed to and radi-
ated by the elevated conductor per unit of
time; but by employing an elevated-conduc-
tor system consisting of two or more wires
or conductors or a sheet of metal a propor-

tionately-greater amount of the electrical en-

ergy developed in the sonorous circuit may
be radiated by said elevated-conductor sys-
The reason for this 1s
that there are practical limitations to the po-
tential to which the elevated conductor may
be raised, and for a given potential of the
elevated conductor the potential energy of
the field, and consequently the radiation, is
proportional to the capacity of the elevated
conductor. Thusinagiven time more energy
may be radiated by a conductor consisting of
a plurality of wires or of a sheet of metal
than by a conductor consisting of a single
wire, other things being equal. In other
words, 1t requires a greater time to radiate a
glven amount of energy by a single conductor
than by the multiple-wire radiating system
herein described. To express the same idea
differently, the magnitude of electrical move-
ment 1n the elevated conductor or the ampli-
tude of the current-flow therein per unit of
time 1s increased—. ., more energy is taken
from the associated sonorous circuit during
such time.

Throughout the specification and claims
wherever I have used the term ‘' forced elec-
tric oscillations” I desire to be understood as
meaning electrical oscillations whose periodic-
1ty 1s dependent only upon the period of an
impressed tforce, and the term 1s used in the
same sense 1n which 1t has long been used in
physics, and particularly in the following
works: Llectric Wawves, being a translation
into KEnglish by Professor Jones of the pa-
pers published by Dr. Hertz in Weedemann’s
Annalen,; Theoryof L'lectricity and Magnet-
wim, by Webster; filectromagnetie Theory, by
Oliver He&mmde Theory of Sound, by Liord
Rayleigh:; Calmlws* for Engineers, by Perry.

As 1 have betore pointed out, the period of
such forced oscillations may or may not coin-

cide with the period of the fundamental or |

upper harmonics of the system executing these

vibrations, although the amplitude of the vi-

brations will be greater when such accordance
1n period 1s affected. |

I elaim—

1. In a system of space telegraphy, a radi-
ating-conductor comprising a plurality of sep-
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arated conductors and means associated with
sald radiating-conductor for developing there-
1n forced electrical oscillations of a delinite
frequency.

2. In a system of space telegraphy. a radi-
ating-conductor comprising a plurality of sep-
arated conductors and a sonorous circuit for
developing therein forced clectrical oscilli-
tions. |

3. In a system of space telegraphy, a 14{11-

ating system consisting of a plurality of sep-

arated conductors ser ml]v connected with the
%econdaly of a transformer and means includ-
ing the primary of saird transformer for de-
veloping foreced eleetrical oscillations in said
radiating system.

4. In a system for developing free or un-
owicded sumple harmonic clectromagnetic sig-
nal-waves of a definite frequency, a radiating
conductor comprising a plurality of separated
conductors and means for developing therein
forced simple harmonic electrical oscillations
of corresponding frequency.

5. In a system of space telegraphy. a sono-
rous circult adapted to develop simple har-
monic electrical oscillations of a definite fre-
quency and a radiating system, comprising a
plurality of separated conductors associated
therewith, said radiating system heimge attuned
as to 1ts fundamental to said definite frequency.

6. Inasystemof space telegraphy, a receiv-
ing system consisting of a plurality of sepa-
rated conductors and a closed resonant cireunit
assoclated therewith and attuned to the fre-
quency of the waves the enerey of which is
to he recelved.

7. Inasystem of space telegraphy, asource
of electrical energy. a radiating systenm com-
prising a plurality of separated conductors
and attuned as to 1ts fundamental to the fre-
quency ot the waves to be transmitted, and a
oroup of resonantcircujts, interposed between
sald source of clectrical enerey and said ra-
diating system, the said circuits being con-
nected mductively 1n series by means of trans-
formers arranged to transform in the same
direction and to 1mpress tite energy of said
source of electrical energy upon the radiating
system at 1ncreased potential.

8. In asystem of space telegraphy, asource
of electrical energy, a radiating system con-
prising a plurality of separated conductors
and attuned as to 1its fundamental to the fre-
quency of the waves to be transmitted, and a
oroup of resonant circuits interposed hetween
sald source of electrical energy and said ra-
diating systemn. '

9. Inasystemof space telegraphy, a source
of electrical encrgy, a radiating system com-
prising a plurality of %epamted conductors,
and a oroup of resonant cireuits interposce

between said.source of clectrical enere oy and
sald radiating system, the said cireuits heing
- connected mductlm]y in series by means of
transformers arranged to transform in the
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same direction and to 11npress the enerﬁ*v ot

sald source of electrical energy upon the r:

diating system at increased potential.

10. Inasystemof space telegraphy, asource |
of electrical energy, a radiating system com-

prising a plurality of separ ated conductors,

and a group of resonant circuits mterposed

~ between said source of electrical energy and

IO

20

| sald radiating system. ~
‘11, Inasystem of space telegraphy, a source

of electrical energy, a redletmo' svstem com-

prising a plurality of eepara,ted conductors
and attuned as to its fundamental to the fre-
quency of the waves to be transmitted, and a
resonant circuit interposed between said

source of electrical energy and said radiating

system and associated with said radiating Sy

tem by means of a step-up transformer.
12. Ina system of space telegraphy, asource
of electrical energy, a radiating system com-

prising a plurality of separated conductors |
~and attuned as to its fundamental to the fre-

quency of the waves to be transmitted, and a
l‘esonant mrcmt mterposed between sa,ld

-

o

source of electmcal enerwv and said radlatmoﬂ* 25

svstem -

13. Ina system of space teleﬁ'mphy, a source
of electrical energy, a radiating system com-
prising a plurality of sepamted conductors,

‘and a resonant circuit interposed between'

}30

said source of electrical energy and said ra-

diating system and a,ssoemted with said ra-

| dlatmﬁ' syetem by means ot a step up tr ans-

:tormer

14. Inasystem of space teleo'ra,phy, a source
~of electrical energy, a radiating system com-
prising a plurality of seperated conductors -

35

and a resonant  circuit interposed between .

sald source of electrlcal energy a,nd sald ra-
diating system.

In teetlmony whereof I have hereunto sub-‘

serlbed my name thls 23(1 dzw of November
1903 , -

J OHN STONE S‘IONE

W1tnesses' R
Gr. Al HIGGINS :
E B TOMLINSON
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