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UNrFED STATES PATENT OFFICE.

JOIIN STONE STONE, OF BOSTON, MASSACHUSETTS, ASSIGNOR TO LOUIS
- E. WHICIER, ALEXANDER P. BROWNE, AND BRAINERD T. JUDKINS,

TRUSTEES

METHOD OF SELECTIVE ELECTRIC SIGNALING.

SPEGIFICATION forming' part of letters Patent H 0. 714,756, dated December 2, 1902
Appliuatiun filed February 8, 1900; Serial No. 4,5600. (No modal.) |

Io all whom it may concern:

Be it known that I, JOHN STONE STONE, &
citizen of the United States, residing at Bos-
ton, in the county of Suffolk and State of Mas-
sachusetts, have invented certain new and
useful Improvements in Methods of Selective
Electric Signaling, of  which the following is
a speclﬁcatlon

My invention relates to the art of transmlt-_-
ting intellicence from one station to another

by means of electromagnetic waves without
the use of wires to guide the waves to their

- destination; and it relates more particularly

15

20.

to the system of such tranmission in which
the electromagnetic waves are developed by
producing electric vibrations in an elevated
conductor preferably vertically elevated. |,
IHeretofore in signaling between two sta-

tions by means of electromagnetic waves

when the stationsare not connected by a con-

“dueting-wire certain disadvantageous limita-
tions have been obser ved which greatly mili-

tated against the commercial value of the
methods employed. When the electromag-
netic waves are developed by producing nat-
aral or forced electric vibrations in a hori-
zontal conductor,
waves S0 devel()ped as they travel away from

" the conductor is found to be so great as to

30

35

i S

very seriously ‘limit the drstance o which

they may be transmitted and effectively re- |
ceived, the chief cause of this observed phe-

nomenon probably being that owing to the
horizontal position of the conductor the plane

of polarization of the. waves iy sach as to

cause the rapid absorption of the energy of
the waves by the conducting-surface of the
earth or water over which they travel.
difficulty hay been overcome by a method of
developing the waves which consists in pro-
duecing natural eleetriec vibrations in a ver-
meall_} -elevated econductor, in which case the
plane of polarization of the wave S0 pro-
duced is at quadrature with that of the
waves which may be developed by a horizon-

tal wire, and in case of the vertical conductor |-

- the attenuation of the waves is observed to

y O

Le very much less than in the case of the
horizontal conductor, so that these waves
may bhe transmitted to and eflectively re-

the attenuation of the |

This

I

coived at much greater distances. A limita-
tion of the commercial utility of this system
is, however, observed, which depends upon
the fact that it has not herétofore been
found possible, so far as I am aware, to di-
rect signals sent out from a transmitter-sta-
tion to the particular receiving-station with
which it is desired to communicate to the ex-
clusion of other receiving-stations equipped
with equally or more sensitive receiving ap-
paratus and located within the radius of in-
fluence of the sending-station. Electromag-

netic waves have also been developed by pro-

ducing natural or forced electric oscillations
in 100p3 or coils of wire at the transmitting-

station and also by means of the discharge of

electricity between two conducting spheres,
cylinders, or cones; but in such cases the
sphere of influence is so limited as to greatly
restrict the commercial -utility of these two
methods of developing the signal-waves. In
fine, the method of signaling by means of
electromagnetic waves between stations not
connected by a conducting -wire, in which

} method the electromagnetic waves are de-

veloped by electric vibrations in-an elevated

conductor, has great advantages over the
other existing or proposed methods for ac-

. complishing this purpose in which the elec-
| tromagnetic waves are developed by other

means, since in the case of the waves devel-
oped by the elevated-conductor method the
waves may be transmitted to and effectively
received at greater distances than by the other
systems; but whereas in the systems employ-
ing the other methods of generating the waves
the signals developed may, at least theoretic-
ally, be directed to the particular receiving-
station with which it is desired to ecommuni-
cate to the exclusion of other similar receiv-
ing-stations in the neighborhood. Ithashere-

tofore been found impossible, sofar as I'know,
to accomplish this purpose in the system em-

ploying an elevated conductor or wire as the
source of the electromagnetic waves.

‘The object of this invention is to overcome
the hereinbefore-described limitation to the
system in which the waves emanate from ver-
tical conductors, so that in such systems the
transmitting-stations may selectively trans-
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mit their signals each to & particular receiv-
ing-station simultaneonsly or otherwise with-
out mutual interference. - -

It is also the abject of the invention to pro-
vide means whereby each of -a plurality of
transmitting and receiving stations in such a
system may be enabled to selectively place
itself in communication with any other sta-
tion to the exclusion of all the remaining sta-
tions.

It is further the object of the present in-

vention to enable the vertical or elevated con-

duetor in such a system to be made the source
of simple harmonic electromagnectic waves
of any desired frequency independent of its
length and other geometrical constants. Thus
the frequency impressed upon the elevated
conductor may or may not be the same as the
natural period or fundamsental of sach con-
ductor; but, a3 will be hereinafter explained,
an elevated conductor that is aperiodic may
be employed and is best adapted for use when
the apparatus is to be used successively for
different frequencies, and such aperiodie ele-
vated conductor is likewise the preferred
form of elevated conductor when two or more
frequencies are to be simultaneously im-
pressed upon or received by a single elevated
conductor; but forced simple harmonic elec-
tric vibrations of different periodicities may
each be separately immpressed upon a differ-
ent elevated conductor, and the several ener-
gies of the resulting electromagnetic waves
may be selectively conveyed each to a sepa-
rate translating device. | '

Before proceeding todescribe the invention
certain fundamental : principles relative to
electrical vibrations should be stated, as these
principles are involved in the art of signal-
ing by means of what may be called ‘‘un-
guided electromagnetic waves.” |

If the electrical equilibrinm of a conduector
beabruptlydisturbed and theconductorthere-
after be left to itself, electric currents will
flowin the condnctor,which tend to nltimately
restore the condition of electrical equilibrinm.
These currents may be either unidirectional
or oscillatory in charaecter, depending upon
the relation between the principal electro-
magnetic constants of the conductor—i, ¢.,
upon its electromagnetic and electrostatic ca-
pacities and its resistance. These phenomena
are analogous to the mechanical phenomena
which are observed when the mechanical
equilibriuam of a systein is abruptly disturbed
and the system 18 thergafter left to itself. In
the case of a mechanical system motions result
which tend to restore the mechanical equilib-
rinm of the system. These motions may con-
sist either of a unidirectional displacement or
of to-and-fro vibrations of the system or parts
of the system, depending upon the relations

which subsist between the principal mechan-

ical constants of the system—:. e., its moments
of mass and elasticity and its friction coefi-
cients. In general the determination of the
relations which must subsist in order thatan

714,756

oscillatory restoration of equilibrium shall
take place, either in an electric or in a me-
chanical system, and the determination. of
the period of these oscillafions is very diffi-
cult; but in certain simple cases both the de-
termination of the conditions for an oscilla-
tory restoration of equilibrium and of the
period of these oscillations is quite simple.
An example of a simple mechanical sys-

pendulum, which consists of a highly-elastic
wire fixed at one end and supporting: at its

other extremity a heavy mass called the

‘““bob.” If a torsional stress be imparted to
the wire of this pendulum by turning the bob
about the axis of the wire and the bob be
then abruptly released, the pendulum will
in general execute isochronous oscillations
about the axis of the suspending-wire in the
process of restoration of equilibrium. An
example of a simple electrical system capable
of an oscillatory restoration of equilibrium is
to be found in thecase of a circuit consisting
simplyof a condenser and a coil withoutiron
in its core, as shown in Figure 1 of the ae-

companying drawings, in whiech C is a con-

-,

tem capable of an oscillatory restoration of
equilibrirm is to be found in the torsional

denser and I is a coil without iron in its core. .

If a charge of electricity be imparted to the

condenser and if its electrodes be then con-
nected tothecoil,asshown in Fig. 1,an isoch-
ronousoscillatorycurrent willin general bede-
veloped in the circuitin the processof restora-
tion of its electrical equilibrium. Suchasim-

plecircuitas thatshownin Fig. lisknown asa

system with a single degree of freedom, and
the electric oscillations which it supports
when 1its equilibrium is abruptly disturbed
and it is then left to itself are known as the
natural vibrations or oscillations of the sys-
tem. These vibrations begin with a maxi-
mum of amplitude and gradually die away
in accordance with what is known as an *‘ex-
pounential” law and are what are known as
“*simple harmonic vibrations.” Thevmaybe
represented graphically as in Fig. 2,1in which
A 18 a curve drawn to rectangular coirdi-
nates, in- which the ordinates represent in-
stantaneous valnes of current strength and
the absciss® represent times. When two
such simple circuits are associated together
inductively, as shown in Fig. 3, the system
so formed is known as a system of two de-
grees of freedom, and in the oscillatory res-
torations of equilibrium—zt. e., in the natural
vibrations in such circuits—the currents are
in general not simple harmonic in character,
but in general consist of the superposition of
two simple harmonic currents, as shown in
Fig. 4. In general, if n simple circuits, as
shown in Fig. 1, be associated together in a
system either by econductive or by inductive
connections & system of at least 2. degrees

of freedom results, and the natural oscilla-

tions of such a system will therefore con-
sist of the superposition of at least n cur-
rents. It is, moreover, a fact that the differ-
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ent simple harmonic components of the oscil- ! conductoris employed as the source of electro-

lations which together constitute the osecilla-

tory restoration of equilibrium of a complex
system are in general not the same as those
of the separate simple circuits when these cir-

cuits are isolated from one another; but the

presence of each-simple circuit modifies the

natural period of each of the other circnits

with which it is associated. Thus in a par-
ticular caseif there be twosimple circuits, the
first with a natural period of .004 of a second
when isolated, and the second with a period
of .0025 of a second when isolated; these cir-
cuits when inductively connected, as shown
in I'ig. 3, may have an oscillatory restoration
of equilibrinm of which the simple harmonic
components are .00444 of a second, and .00159

of a second, showing that the induetive asso-

ciation of the circuits together has increased
the natural period of the high-period ecircuit,
and decreased the natural period of the low-
period circuit. Itis, moreover, to be remem-
bered that during the restoration of electric
equilibrium currents of each of the periods
are found in each of the circuits of the con-
nected system. | '

S0 far we have considered the natural vi-
brations of electric systems—i. e., the electric
vibrations, by means of which the electric
equilibrium of circuitsis restored after it has

been abruptly destroyed and the circuits are.

left to themselves—and we have compared the

simple case of such natural electric vibra-

tions with the corresponding natural me-
chanical vibrations of mechanical systems.
We have seen that simple circuits may have
simple harmonie natural electric oscillations

and that complex circuits will in general have

complex electrie oscillations. We have,
moreover, seen that the natural period of os-

cillations depended upon the electromagnetic

constants of the c¢ircuit in the case of a sim-
ple eireuit and that each of the periods of os-
cillation in the case of a complex or of inter-
related circuits depended upon the electro-
magnetic constants of each of the interrelated
circuits; but, besides the ability to execute
natural vibrations or oscillations both elec-

tric and mechanical systems are capable of

5o

60

supporting what are termed ¢ forced vibra-
tions,” and in the case of forced vibrations
the period of the vibration isindependent of

the electromagnetic constants of the circuit,

ontheonehand, and the mechanical constants

- .of the mechanical system, on the other hand,

and depends only upon the period of the im-
pressed force. I
electromotive force be impressed upon a cir-

cuit free from hysteresis, whether it be a sim-

ple circuit or a complex of simple eircuits,
the forced vibrations or currents resulting
from this impressed force will also be simple
harmonic and of the same period as that of

the impressed force. -
In the presentsystem of signaling by means

Thus if a simple harmonie |

magunetic radiations, the electric oscillations
are of the kind hereinbefore desecribed as nat-
ural vibrations, the vertical condnector being
charged to a high potential relative to the
surrounding earth and permitted to abruptly
discharge to earth by means of an electrie
spark between two ball-electrodes. In such
a method of developing the electromagnetic
waves the oscillations are necessarily of a
complex character, and therefore the result-
ing electromagnetic waves are of a complex
character and consist of a great variety of
superimposed simple harmonie vibrations of
different frequencies. The vibrations consist
of a simple harmonic vibration of lower pe-
riod than all the others, known as the ““funda-
mental,” with a great variety of simple har-
monies of higher periodicity superimposed
thereon. Similarly the vertical conductor at
the receiving-station is capable of receiving
and responding to vibrations of a great va-
riety of frequencies, so that the electromag-
netic waves which emanate from one vertical
conductor used as a transmitter are capable

| of exciting vibrations in apy other vertical

wire as a receiver, and for this reason any
transmitting-stationin a system of this char-
acterwill operateany receivinge-station within
its sphere of influence, and the messages from
the transmitting-station will not be select-

i ively received by the particular receiving-

station with which it is desired to communi-
cate, but will interfere with the operation of
otherreceiving-stations withinits sphere of in-
fluence, thereby preventing them from prop-
erly responding to the signals of the trans-
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mitting-stations from which they areintended

to receive their signals,

By my inveution the vertical conduetor of

the transmitting-station is made the source
-of electromagnetic waves of but a single
periodicity, and the translating apparatus

at the receiving-station is caused to be select-

| lvely responsive to waves of but a single pe-

riodicity, so that the transmitting apparatus
correspondstoatuning-fork sending butasin-
gle simple musical tone, and the receiving ap-
paratus corresponds to an acoustie resonator

capable of absorbing the energy of that single

simple musical tone only. When, however,
theelevated conductorisaperiodie, itisadapt-
ed t0 receive or transmit all frequencies, and
accordingly a single aperiodie elevated con-
ductor may be associated with a plurality of
local eircuits, each attuned to a different fre-

105
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quency atter the manner now well known in
the art of multiple telegraphy by wire con-

duaetors.

When a single elevated conductor is to be
made a source of a plurality of signal-waves
of different frequences and when, moreover,
these signal-waves are to be simultaneously
developed, it is obviously necessary that the
trains of waves of different frequencies de-

of electromagnetic waves, in which a vertical | veloped at the elevated conductor shall be

]
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independent of each other—ai. e., it is neces- | rangement of the transmitting-station.

Fig.

sary that the electric vibrations of one fre-! 6 is a diagram illustrating an arrangement of

quency impressed upon the elevated conduc-
tor shall not be affected by the act of simul-
taneously impressing vibrations of another
frequency upon the conductor. The manner
of developing the individual electric vibra-
tions of a particular frequency described 1in
this specification is such as to insure per se
the required independence of the vibrations
when several different frequencies are simul-
taneously impressed upon the elevated con-
ductor. Several formsof such arrangements
of the apparatus will, nevertheless, be herein-
after fully described in order to add to the
completeness of the specification.

When the apparatus at a particular station
18 attuned to the same periodicity as that of
the electromagnetic waves emanating from a
particular transmitting-station, then this re-
celving-station will respond to and be capa-
ble of selectively receiving messages from
that particular transmitting-station to the
exclusion of messages simultaneously or
otherwise sent from other transmitting-sta-
tions in the neighborhood which generate
electromagnetic waves of different periodici-
ties. Moreover, by my invention the opera-
tor at the transmitting or receiving station
may at will adjust the apparatus at his com-
mand in such a way as to place himself in
communication with any one of a number of
stations in the neighborhood by bringing his
apparatus into rescnance with the periodicity
employed by the station with which inter-
communication is desired.

In order that the vertical conductor at the
transmitting-station shall generate harmonie
electromagnetic waves of but a single fre-
quency, 1 cause the electri¢c vibrations 1in
the conductor to be of a simple harmonic
character, and this in turn I acecomplish by
producing what are substantially forced elec-
tric vibrations in the vertical conduector in
lieu of producing natural vibrations in the
conductor, as has heretofore been practiced.
In order that the electrie translating appa-
ratus at the receiving-station shall be oper-
ated only by electric waves of a single fre-
quency and by no others, I interpose between
the vertical conductor at the receiving-sta-
tion and the translating devices a resonant
circult or circuits attuned to the particular
frequencyof the electromagnetic waves which
it is desired to have operate the translating
devices. . -

Having thus described, broadly, the nature
and object of the invention and the electrical
principles upon which 1t is based, the details
of theinvention may best be described by hav-
ing reference to the drawings which accom-
pany and form a part of this specification.

The same letters, so far as may be, repre-
sent similar parts in all the figures.

Figs. 1 to 4 are diagrams already referred
to.

v .
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the receiving-station. Fig. 7 1s a diagram
illastrating another form of the transmitting-
station. Fig. 8is a diagram illustrating an-
other form of the receiving-station. Iigs. 9
and 15 are diagrams illustrating a detail of
the construction at both transmitting and re-
celving stations. KFigs. 10 and 11 are dia-
grams illustrative of the connection of the
coherer at receiving-stations. Fig. 12 18 a
diagram illustrating the connection of a con-
denser-telephone at the receiving -station.
IFigs. 13 and 16 are diagrams illustrative of

70
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formsg of transmitter-stations capable of de-

veloping signal-waves of two different fre-
quenciles. Iigs.l4and 17are diagrams illus-
trative of forms of receiving-stations capable
of receiving selectively signal-waves of two
different frequencies.

In the drawings, v represents a vertical or
virtually vertical conductor grounded by the
earth connection K.

M, M', M", and M’ are induction - coils
whose primary and secondary wires are I, I/,
Il'";and I, and 1, I,) I,” 1", respectively.

I, L', and L are auxiliary inductance-coils.

C, U, C", and C'"' are electrical condensers.

K and K, are coherers.

B 18 an electric battery.

a 18 an alternating-current generator.

ke and &, are cireuit-closing keys.

R and R, are telegraphic relays or other
suitable electric translating devices.

p and p, are automatic circuit-interrupters.

S and s, are spark-gaps.

In the organization illustrated in Fig. 5 the
generator a develops an alternating electro-
motive force of moderate frequency, which
when the key & is depressed develops a cur-
rent in the primary circuit of the transformer
M'. The transformer M'is so designed as to
trapsform the electromotive foree in the pri-
mary clrcuit to a very high electromotive
force in the secondary. Asthe potential dif-
ference at the terminals of the secondary I,
rises, the charge in the condenser C increases
till the potential difference is sufficient to
break down the dielectric at the spark-gap s.
W hen this oceurs, the condenser Cdischarges

‘through the spark at s the primary I, and the

inductance-coil I.. This discharge is oceilla-
tory in character and of very high frequency,
as will be explained hereinafter. The high-
frequency current so developed passing
through the primary I, induces a correspond-
ing high-frequency electromotive force and
current in the secondary I, and forced elec-
tric vibrations result in the vertical condue-
tor v, which are praectically of a simple har-
monic character. These simple harmonice vi-
brations in the conductor v develop electro-
magnetic waves, which are also practically
simple harmonic in character, and these in
turn on impinging upon the vertical conduc-

Fig. 5 1s a diagram illustrating one ar- s tor at the receiving-station develop therein
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corresponding simple harmonic vibrations of [ the condenser by the induectfance of the cir-
like frequenecy. ) . cuit is made numerically very small. More-

In the organization illustrated in Fig. 6 the over, the oscillations in the circuit s I, L are
simple harmonic electromagnetic waves of a | approximately simple harmonic in character
given frequency or periodicity Impinging i and are practically unaffected by the induct-
upon the vertical conductor v develop there- | 1ve association with the vertical wire, because
in corresponding electrical vibrations of like ! of the auxiliary inductance furnished by the

- irequency. By means of the induction-coil | coil I, it being capable of demonstration that

10

M a vibratory electromotive force corre-| if by means of the coil L the inductance of the
sponding in frequency to the electric vibra- | circuit L I, sis rendered large compared to the
tions in the conductor v is induced in the sec- i mutual inductance between this circuit and
ondary circuit I, I. C C'. If the frequency of | the vertical wire the naturaloscillationswhich
this induced electromotive force is that to | will take Pplace in the circuit s I, L will be
which the circuit I, L C C' is attuned, there | practically unaffected by the inductive asso-
will be a maximum potential difference de- | ciation with the vertical wire and will there-
veloped at the plates of the condenser ¢, and | fore be practically of a simple harmonie char-

- this potential will operate the coherer K. acter, as 1n the case of the isolated simple

29

When the coherer K operates, the resistance | circuit shown in Fig. 1. The principle may
of the circuit BR K is enormously diminished | for the present purpose be stated thus—that
and the battery B develops a current which | when two simple oscillators, each such as that
ocperates the translating device R. The de- | shown in Fig. 1, are inductively associated
coherer (not shown in the drawing) is thereby | with each other, as in Fig. 3, the system is a

- set In operation and as soon as the impulse | system of two degrees of freedom, and the

235

30

33

passes the coherer is restored to its sensitive | natural period of oscillation of each simple
condition. If, however, the frequency of the | circuis is modified by the presence of the
electromagnetic waves which impinge upon I other; but if the proportions of the circuits
the vertical conductor v of the receiving-sta- | be such that the product of the inductances
tion depicted in Fig. 6 is not the same as that | of the two circuits is large compared to the
to which the circuit I; L C C' is attuned, the | mutual inductance between the eircuits the
electromotive force induced in this cireuit | natural period of oscillation of each of the
will be different from that to which the cir- | cirenits becomes practically the same as if
cuit will respond by virtue of resonance and | the circuits were isolated.

there will be but a negligible potential dif- The mathematical expression for the fre-
ference developed at the plates of the con- quency to which a circuit is resonant when
denser C. Under these circnmstances the | it is isolated from all other circuits—:i. e., has

- coherer K will not be operated and the sig- | but a single degree of freedom—is well known

40
45

R0

nals will not actuate the translating device R. | and may be stated as follows:
When transmitting -stations and a corre-

sponding number of receiving -stations are 1, = 1
employed by adjusting the electromagnetic | _ 27/ C L
constants of the circuits at the various receiv- | from which |
ing-stations, these circuits may be so propor-| T, — 1
tioned or tuned that the energy of the elec- | Cyp,

tromagneticwaves emanating from any given N L . o
transmitting - station will be selectively re- | Where n is the frequency, C, 1s the capacity,
ceived and absorbed at a given receiving- L, 1s the Induectance, and p is the perlod_mlty,
station. which equals 2 # n. In the case of a cireuit
Before proceeding to a description of the | Of tWo degrees of freedom, however, in order
operation of the other two forms of transmit- | 10 make the component CITCULES each respon-
ting and receiving stations shown in Figs. 7 | 81ve to the same frequency as when isolated—

and 8 it is to be noted that the condenser C | 10 other words, to overcome the modifying ef-

~in Fig. 5 discharges through the circuit s I, fect of the mutnal inductance of each circuit

55

L, and 1ts discharge is practically unaffected | WPOD the Oth‘?’}‘“lt’ IS necessary to consider,
by its conduective connection with the circuit ! it the case of inductive relation, the expres-
through I's. 'The reason for this is that the | Sion: '

- Impedance offered by the circnit through I, - - M2 (L s
iIs enormously greater than that through s I, 1 [ 12 P el C,p
L. Also the discharge through the circuit G p, YT

versely proportional to the square root of the

- ?

. | 1 \2

s I, L is of very great frequency, because the R% + (Lz P "——1—“)
: : : | Cyp

frequency of the oscillations of such dis- |

charges of condensers is approximately in- | where C, L, are the capacity and inductance of

the first cireuit, C, L, R, are the capacity, in-

product of the inductance of the circuit by | ductance, and resistance, respectively, of the
‘the capacity of the condenser, and for the | second cirecult, and M, is the mutual induct-
purpose of this invention the apparatus isso | ance of the circuits. From these expressions
designed that the product of the capacity of i careful consideration will show that the ef-
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fective inductance of the first circuit has been
modified by its inductive relation with the
second circuit, and it 1s:

N
2
M*, p (sz G, p)
5 1 )ﬂ ,
R# - ( o I C, p
Similarly we have to consider the expression:
' 1
1 M=, p (Lip_o )

| 1 Y
9 ] )2
RI—I—(LljJ U]_ 2?

Lfi — Ll _—

?

from which it will be seen that the effective |

inductance of the second circuit has been
modified by its inductive relation with the
first eircuit and is:

.

M 12P(L1p C, 29) |
2 ; 1 )2

RY 4 (Lp—g

These two inductances L', and L'y are the ap-
parent Inductances which each of these cir-
cuits would have i1f acting as the primary to
induce simple harmonic vibrations of fre-
quency 7 in the other. It is therefore neces-
sary in order to overcome the modifying ei-
fect of the mutual inductance on either cir-
cuit to add to that e¢ircuit an auxiliary in-
ductance-coll of inductance large compared
to the term of the form:
5
Cop

. B 1)2’
R —I—(Lp Cr

or at least so large that when it is added to
the natural inductance of the circuit the sum
of their inductances is very large compared
to the said term. If, further, the electric
equilibrium of the cireunit s I, L be abruptly
disturbed and the cirenit be theu left with-
out impressed force, the oscillations which
are developed in it induce corresponding os-
cillations in the vertical wire, which oscilla-
tions are virtually foreced vibrations, corre-

L'y =11 —

M? p (L »—

sponding in frequency with the nataral oseil-

- lations developed in the circuit s I, I. and be-

55
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1ng practically independent, as regards their
frequency, of the econstants of the second cir-
cuit in which they are induced.

1t is to be understood that any suitable de-
vice may be employed to develop the simple
harmonic force impressed upon the vertical
wire. It is sufficient to develop in the verti-
cal wire practically simple harmonic vibra-
tions of a fixed and high frequency.

The vertical wire may with advantage be
so constructed as to be highly resonant to a
pariicular frequency, and the harmonie vi-
brations impressed thereon may with advan-
tage be of thatfrequency. The construction
of such a vertical wire is shown and de-
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scribed in other applications of mine now
pending.

At the receiving-station shown in Fig. 6
the inductance-coil L. is introduced in order
to supply auxiliary inductance and to permit
of the circuit C C'I; L being attuned toa par-

| ticular frequency practically independently

of the constants of the vertical wire.

In both the organizations illustrated in
Figs. 5 and 6 the inductauce-coils L may be
made adjustable and serve as a means where-
by the operators may adjust the apparatus to
the particular frequency which it is intended
to employ.

Passmﬂ' now totheor framzatmns illustrated
in Figs. 7 and 8, it is to be noted that they
dlﬂfer, respectively, from those illustrated in
Figs. 5 and 6 in that additional resonant cir-
Cmts C I', L 1, are interposed between the

vertical wndm,tm and the generating and

translating devices, respeetwely

Inthe trans mitter arran cements illustrated
in Fig. 7 the circuit C I, 1L I, is attuned to
the same period as the circuit ¢’ T I'; s and
merely tends to weed out and thereby screen
the vertical wire from any harmonics which
may exist in the current developed in the
circuit C' L' I', s. This screening action of
an interposed resonant circuit is due to the
well - known property of such cirecuits by
which a resonant circuit favors the develop-
ment in it of simple harmonie currents of the
period to which it is attuned and strongly

opposes the development in it of simple har-

monic¢ currents of other periodicities. Inthis
organization an ordinary spark-coil, (shown
at M",) equipped in the usual way with an
interrupter » and condenser C”, is employed,
the current being supplied by the battery B.
The operation of this organization is substan-
tially the same. as that of the organization
shown in Fig. 5, hereinbefore described, ex-
cept for the screening action of the circuit
CI, L I, and need not therefore be further
described. Suffice it to say that when the
source of vibratory currents is particularly
rich in harmonics any suitable number of
resonant ceircuits, each attuned to the desired
frequency, may be connected induectively in
series, as shown in Figs. 9 and 15, and inter-
posed between the generating device and the
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vertical conductor for the purpose of screen-

ing the vertical conductor from the nndesir-
able harmonies.

In the organization illustrated in Fig. 8 the
electric resonator C I’y L I, interposed Dbe-
tween the vertical conductor and the circuit
containing the coherer, isattuned tothesame
period as the circuit L' C' C” 1, and acts to
screen the coherer-circuitfrom the effect of all
currents developed in the vertical conduetor,
save that of the current of the particular pe-
riod to which the receiving-station isintended
torespond. Asinthecaseofthe transmitting-
station, any suitable number of resonant cir-
cults, each attuned to the particular period to
which the station isdesired torespond, may be
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connected, as shown in Figs. 9 and 15, and in- | duces a carrent of cm*re-.pondmw flequeney

terposed benween the vertical conductor and
the coherer-cirecuit. Such cirenits so inter-
posed serve to screen the receiver from the ef-
fect of all currents which may be induced in
the vertical conductor that are not of the pe-
rtod towhich thereceiving-station is intended
to respond.

The apparatus shown in Figs. 13, 14, 15,
16, and 17 illustrate methods of associating
the apparatus hereinbefore deseribed, and
illustrated in Figs. 5, 6,7, 8, and 9, when two
Or more stations are to be associated with a
common elevated conductor. The operation
of each individual station is the sawne as that
already deseribed in connection with Figs. 5,
6,7,8,and 9. Forthesake of e]eamef-s ean
bwo statione are shown associated with the

common elevated conductor V in the draw-

ings; but it is obvious that any desired num-
ber of stations may be associated with a com-

mon elevated conductorin the same manner.

An inspection of the drawings will show
that Figs. 13 and 16 illustrate two transmit-
ting-stations of the type shovn in Fig. 7 as-

bOOldted with a common elevated cenduetor -

whereas Figs. 14 and 17 illustrate two receiv-

ing-smbions of the type shown in Fig. 8 as-.

soclated with a common elevated conductor.

When a plurality of stations are associated
with & common elevated conductor, each of
the stations is characterized by being tuned
to a different frequency from that of any of
the other stations so associated.

In Figs, 13, 14, 15,16, and 17 it will be ob-
served that the two different stations asso-
ciated with a common elevated conductor
have therein been differentiated by attaching
a subscript to the letters of reference in the
case of one of the stations and not to the let-
ters of reference of the other station.

The operation of each of the transmitting-
stations in Figs. 13 and 16 is identical with
that of the transmitting-station illustrated in
I1g. 7, and the operation of each of the re-
ceiving-stations shown in Figs. 14 and 17 is
1dentical with the operation of the receiving-
station illustrated in Fig. 8.

To illustrate, the step-up transformer or
spark-coil M” in Figs, 13 and 16 is equipped
with an interrupter p and condenser C'’, and
the current is supplied by the battery B.
When the key k& is depressed, a high poten-
tial is developed in the secondary of M". As
the potential ditfference at the terminals of
the secondary of M" rises, the condenser C”
is charged till the lesu]tm g potential differ-
enceat sissufficient to brea,k down the spark-
gap s. When this oceurs, the condenser C”
discharges through the-Sparl{-gep S, the pri-
maryof M', and theinductance-coil /. This
circuit is attuned to a given high frequency,
aund the osciliatory current which results is
therefore of that frequency. 'This current

‘Induces a similar current in the interposed
resonant circuit I M’ C' M, attuned to the

same frequency, which eurrenb in turn in-

in the conductor V M K.

Passing now to the operation of the re-
(,elwnﬂ*-etdtlons shown in IFigs. 14 and 17 it
may be remarked that since the operation of

each of these stations 1s identical with the

operation of the receiving-station shown in
Fig. 3, the energy of the waves of one par-
ticular frequency will be absorbed by one of
the receiving-stations and the energy of the
waves of another particular frequency will be
absorbed by the other receiving-station. This
selective reception of the energy of waves of
a particular frequency is independent of the
number of waves of different frequencies

which may be simultaneously present.

It is to be here noted that the above-de-
seribed methods of simultaneously transmit-
ting and receiving space-telegraph messages
by a common elevated conductor are not de-
scribed as the preferred methods, since the
branch cireuits M M, in Figs. 16 and 17 are
not in themselves selective and since the ele-

vated conductors in Figs, 13 and 14 contain a

number of induction-coils in series not essen-
tial to the operation of any one of the sta-
tions singly, but that any way of associating
a plurality of the stations shown in Figs. 5,
6, 7, and 8 with a vertical conductor will re-
sult in a system for simultaneously transmit-
ting and receiving space-telegraph signals,

owing to the fact that thess stations are in

themselves inherently selective and are ca-
pable of causing the independent develop-
ment of vibrations of differeat frequencies in
the elevated conductor and of selectively ab-

sorbing the energy of waves of dlﬁerent fre-

quencies.
The branch circuits M M, of Fig. 17 are not

selective, since they contain but one element
of a tuned cirenit—viz., the inductance of M

and M,. Vibratory currents of whatever fre-
quency they may be communicated by the
vertical wire to these circuits will divide
among them in simple inverse proportion to
their electromagnetic impedances and are not
selective except for a slight reaction due to
the associated cireuits C¢' M’ I." and C', M, L.

These reactions, so far from tending 130 meke
the branches seleetwe to the frequenelee to

which thelr associated circuits are intended

to respond, will, in fact, cause them to op-
pose more strongly currents of these fre-
quencies than those to which the associated
circuits -are not attuned. Again, it is obvi-
ous that the inductance of the (3011 M in Fig.
13 is merely an additional impedance in the
elevated conductor, which, to say the least,
cannot assist in the development of vibr:

tflons in the elevated conductor impressed by
circuit C'y M’y L', M,. The same is cbviously
true of the 0011 M in the elevated conductor
with reference to the operation of the circuit
C'M'L'. Now passing to the transmitting

station shown at Fig. 16 it is obvious that
the vibrations eommumceted by the cireuit
| C' M’ 1) to the elevated conductor V are sub-
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ject to a shunt due to the coil M, in the other | 50 low frequencies.

branch of the elevated eondueter and con-
versely the vibrations developed in the ele-
vated conductor by the associated circuit
C', M| I/, are subject to a shunt due to the coil
M in the other branch of the elevated con-
ductor. I‘inal]v the coill M in the elevated
conductor in Fig. 14 ean at best only present
an impedance to the waves intended to be re-
ceived by the circuit C', M, L,’,;and conversely
the coil M In the eleveted conductor can at
at best only present an impedance to the vi-
brations intended to be received by the cir-
cuit (j’r M’ IJ .

No mention has heretofore been made of
the function of the condensers shown at ¢ in
Fig. 6 and at C” in Fig. 8, as those condensers
are not essential to the tuning of the circuits
in which they are placed, but merelv serve to
exclude the current of the batteries B from
the resonant cireunits.. In order that these

condensers may not appreciably affect the

tuning of the circuits in which they are in-
cluded, and thereby lower the resonant rise of
potentlal at the plates of the condensers C

and C', (shown in Figs. 6 and 8,) they are so

constructed as to have large capacities com-
pared to the capacities of C and C' in Figs. 6
and 3, respectively. |

In Figs. 6 and S the coherers K are showr

connected 1n shunt-circuit to the condensers
C and C/, respectively; but they may be con-
nected Serlally in the resonant circuit, as
shown in Ifig. 10, or they may be eennecﬂed
1n shunt- 011*(31111: t0 the coil L and coadenser
C’, as shown in Fig. 11.

Though a coherer has been shown and de-
scribed in the specification as the means of
detecting the presence of oscillations in the
receiving resonant cirecunits, under which cir-
cumstances it operates as a telegraphic relay
to control a local-battery circuitincluding an
clectric translating device, any other smta,b]e
eleelrereeepbwe devwe may be employed to
receive the signal-—as, for example, a con-
denser- telephone. When a condenser-vele-
phone is employed as a receiver, the receiv-

Ing resonant circuit may be that illustrated

in IFig. 12, in which C is the condenser-tele-
phene and also the capacity by Whl@h the

elreuit L C (' 1, is attuned.

In consbructmﬂ‘ the various pdrts of the ap-
paratus shown and described in this specifi-
cafion there is great latitude as to the special
forms thatmay be given them; butit must be

remembered Bhetwhen a clleult is to betuned

and it isdesired to gain a high degree of reso-
nance both electrostatic cmd magnetic hyste-
resis must be carefully exeluded from the
resonant circuit.
should be excluded from the coilsin the reso-
nant circuits and solid dielectrics should not
ordinarily be employed in the condensers.
T'hese injunctions apply to the construction
of resonant circuits attuned to very high fre-
quencies, but not with the same force to the
construction of resonant cirecuits to be tuned

‘thetbininsulating coating of the wire.

Ifor this reason all iron

714,756

Another precaution to
be taken in the construction of the appara-
tus included in the resonants circuits when
very high frequency currents are employed
18 that conductors between which there ex-
ists a considerable potential difference during
the operation of the apparatus shall be kept
as far apart as practical, because of the ex-
cessive displacement currents which tend to
flow in the case of high-frequency currents.
For this reason it will often be found to be
convenient to build the coils in the form of
flat spirals instead of long spirals of several
layers, as 1s the usual construetion of coils.
Flat spirals with the turns well separated in
oraer to minimize the displacement-currents
between the turns are, however, by no means
the only form-of coils adapted to he used in
conjunction with air-condensers for the pur-

‘pose of tuning ecircuits to high frequencies

and may eften be neither the best nor most
conveuient form of coil to employ. There-
fore in defining the character of the coils to
be employed for this purpose it will be of ad-
vantage to first give the general theoretical
coasiderations which lead to a special con-
struction of the coils and to then give a prac-
tical guide to the manner of designing the
colls for a particular frequency or range of
irequencies. -

A coll or solenoid as usually constructed
consists of mauy turns of cotton or silk insu-
lated wire wound on an insulating-core, such
as a glass or ebonite tube or a wooden spool,
theconsecutive turns being separated only by
These
solenoids, moreover, are in general wound
with severai layers of wire, the layers also
being separated from each other only by the
insulating coatings of the wires. Such solen-
oids are well adapted to be used in conjunc-.
tion with condensers having solid dielectrics
for the purpose of tuning circuits to low

frequencies; but neither such ¢oils nor such

condensers are available for the purpose of
tuning circuits to such high frequencies as
are concerned in the present invention. In
the case of high frequencies the energy ab-
sorhedin the eehd dielectric of the condenser,
due to dielectric hysteresis, is excessive, and
the displacement-currents between the adJa-
cent turns and layers of the coil mask and
neutralize the inductance of the coil. More-
over, the solid dielectric forming the core of
such coils exerts a deleterious eﬁ“eet which
In some instances is probably partle,lly due to
1ts possessing a small degree of conductivity,
but which must in most 1nstanees be aseribed
to the high specific inductive capacity of the
material and to its dielectric hysteresis.

In order to tune a circuit to a predeter-

mined high frequency, so that it shall show
a well-defined selectivity for that frequency
to the execlusion of other frequencies, even
to the exclusion of frequencies differing but
slightly from the predetermined frequency,
it i8 necessary not only that the cendenser
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- shall be free from dielectric hysteresis, but | tween the turns, orthe size of the wire should |
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that the coil shall be so constructed as to be-
have for that frequency practically like a
conductor having 4 fixed resistance and g
fixed inductance, but devoid of capacity.

Coils constracted in the usual way do not be-

have for high frequencesasif they had a fixed
resistance and induetance and no capacity,

but partake more of the character of conduc- |

tors haviug distributed resistance, induct-
ance, and capacity., In fact, they may in
some instances behave with high frequencies
more like condensers than like conductors
having fixed resistance and inductance and
no capacity. Sinee a coil constructed in the
usual way behaves for high frequencies as a
conductor having distributed resistance, in-
ductance, and capacity, it follows that such a
coil will show for high frequencies the same
quasl resonance as is observed with low fre-
quencies in long aerial lines and cables—i. e.,

that it will perseand without the Intermediary |

of a condenser show a slight, degree of selec-
tivity for some particular frequency and for
certain multiples of that frequency just as a
stretched string which has distributed inertia
and elasticity will respond to the particular
tonecalled its ““‘ fundamental” and to all other
tones whose periods are aliquot parts of the
periods of that fundamental; but it is not
with such quasi resonance that the present

invention is carried into effect, and I wish it

~understood that I here disclaim any system
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tential gradient found, will enable the poten-

employing distributed inductance and ca-
pacity as a means for tuning the resonant cir-
cuits described in this specification.

A general criterion which determines the
utility of a coil for tuning a eircuit to a par-
ticular high frequenecy is that the potential
energy of the displacement-currents in the
coil shall be small compared to the kinetic
energy of the conduction-current flowing
through the coil when the coil is traversed
by a current of that frequency.

I have found that for a single-layer coil the

follewing procedure is sufficient for practical

purposes: Determine the inductance of the
coll by formulze to be found in the text-books
_ and magnetism.
T'his will enable the kinetic energy of the coil
to be determined for any particular current
and will also permit of the determination of
what would be the potential gradient along
the coil for the current of the frequency to

» be employed if the eoil were devoid of dis-
tributed electrostatic capacity. Next caleu-

late the electrostatic capacity between an end
burn and each of the remaining turns of the
T'hese capacities, together with the po-

tial energy to be determened, and if the ratio
of the potential energy to the kinetic energy
30 found be neglible compared to unity the
coll will practically satisty the requirements
hereinbefore mentioned. If the coil does not
meet the requirements, the design should be
80 changed as to increase the separation be-

be diminished or the dimensions of the coil
30 otherwise altered as to decrease the dis-
tributed capacity without proportionately di-
minishing the indactance. The ealculations
may be greatly abbreviated and the liability
Lo error greatly reduced if the results of the
computations be plotted in curves.

- Regarding the effect of a dielectric core in
a coll to-be used for tuning a ecircuit to a
high frequenecy it is sufficient to-state that

the preferred form of support for such a coil
18 any skeleton frame which will hold the

turns of wire in place without exposing much
surface of contact to the wires and affording a
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minimum of opportunity for the develop-

ment of displacement-currents within itself.

In this specification I have spoken of ele-
vated conductors, vertically-elevated conduc-
tors, and vertical conductors. I wish to be

understood as including in the term ‘“ele-

vated ” conduectors disposed at an angle to the
earth’s surface as distinguished from hori-
zontal conductors disposed parallel to the
earth’s surface. By the terms ¢ vertically-
elevated ” and ¢ vertical ” I refer to conduc-
tors whose disposition with regard to the

earth’s surface is mainly or wholly at a right
angle or vertical thereto, which is the par- .

ticular form of elevated conductor preferred
by me for use in connection with my present
improvement.

In this specification I have described the
development of free or unguided electromag-
netic signal-waves of a given frequency by
employing in association with an elevated
conductor & cireunit such as to produce there-
in forced simple harmonic electric vibrations
of the frequeney desired. I have also de-
seribed a method of receiving or absorbing
the energy of free or unguided simple har-
monic electromagnetic waves of one fre-
quency to the exclusion of waves of a differ-
ent frequency by associating with an elevated
conductor a cireuit made resonant to the fre-
quency of the waves whose energy is to be
absorbed. The circuit whereby forced sim-
ple harmonic electric vibrations are produced
In the elevated conductor I have shown as a
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circuit econtaining a condenser and a self-in-

duction coil so proportioned as to make the

natural vibrations of a frequencey which is

the frequency of the vibrations to be forced
or impressed in an elevated conductor. The
circuit whereby the energy of the electromag-
netic waves of one frequency is absorbed to
the exclusion of that of waves of other fre-
quencies is in like manner a circuit contain-
ing a condenser and a self-induction coil so
proportioned as to make the cireuit resonant
o a frequency which is the frequency of the

waves the energy of which is to be received.
Both of the circuits I have spoken of are

tuned circuits, and they may be conveniently
distinguished with reference to their respec-
tivefunctions by denominating the cirecuit em-
ployed in the development of the vibrations
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asan ‘‘oscillating” or “‘sonorous” circuit and | reception of signal-waves of frequencies cor-
by denominating the circuit employed in the | responding to the frequencies of such over-
reception or absorption of the vibrations as  tunes. | 70
a‘‘resonant”’ eircuit. Iprefertomakethisdis- Whereas in the present specification I have
g crimination in nomenclature for the reason | used the term ¢ elevated” conductor to de-
that while both the circuits are resonant cir- | seribe the sonree of radiation of electromag-
cuits, yet functionally only that one em- | netic waves developed by forced electric Vi-
ployed for receiving or absorbing is acecu- | brations impressed thereon, yet 1 deem it 75
rately so described. Exeept for this distine- | proper to pointout that this expression should -

1o tion in funetion it is well to note that all os- | not be confused with the term ‘‘conductor 7
cillatine or sonorous circuits are resonant cir- | when used in connection with systems where- -
cuits, but only such resonant circuits ashave | in that term is employed to denote a wire or
their resistance less than the square foot of | other metallically-continuous conductor ex- 8o
the ratio of four times their induectance by | tending from atransmitting to a recelving sta-

15 their capacity are oscillating or sonorous cir- | tion. It is of course obvious that in the art to
cuits. which the present specification relates such a

Also throughout this speecifieation I have | conductor is wholly absent. The vertical me-
deseribed the electrical oscillations or vibra- ! tallically-continuous source of radiantenergy 85

~ tions and the free oi unguided electromag- | is a structure the location and funection of
20 netic waves or radiations as simple harmonic. { which are confined entirely to the transmit-

It is the object of my present invention to | ting or it may be the receiving end of a sys-
approach as nearly as possible to the perfeet | tem 1n which the conductor which connects
simple harmonic wave, and such object is at- | the transmitting and receiving stationsis the go
tained to within such a degree of precision as | non - metallic--non - condueting, 1n fact—di-

25 to preclude any interference with the opera- | electric medium, which is commonly called
tion of the system by any possible departure | the ‘“ether” and wbich is by many assumed
that may exist in the wave from the absolute | to be essential to the theory of the propaga-
simple harmonic form. My reason for con- | tion of electrical and magnetic force, radiant 935
fining the description of the electrical oscil- | light, and radiant heat.

30 lations or vibrations and the electromagnetic Having described my invention, I elaim—
waves or vibrations to the simple harmonie 1. The method of developing free or un- o
type is that in the operation of the system | guided simple harmonic electromagnetic
only the simple harmonic components are ef- | waves of a definite frequency, which consists 100
fective in ecarrying out the object of the in- | in producing foreced simple harmonic electric

35 vention. Though itisimpossible to prevent'| vibrations of the same frequency in an ele-
the presence of minute overtones accompany- | vated conductor. D
ing these simple harmonic waves, such over- 2. The method of absorbing the energy of
tones not only do not contribute to the use- | free or unguided, simple harmonie, electro- 105
ful operation of the system, but may, in fact, | magnetic signal-waves of one frequency, to

40 becomeobstacles tosuch useful and complete | the exclusion of the energy of like waves of a
operation unless their amplitude be excess- | different frequency, which consists 1n asso-
ively small, as is the case in the present in- | ciating with an elevated conductor a cirenit
vention. It is for this reason that I have | resonant to the frequeney of the waves, the 1ro
taken every precaution to approximate as | energy of which is to be absorbed.

45 closely as may be to the true or absolute sim- | 3. The method of distributing the energy
ple harmonic wave form, thereby reducing to | of free or unguided electromagnetic waves
a minimum the overtones which cause a de- | which consists in independently developing
parture from the true sine-wave | forced simple harmonic electric vibrations of 115

Specifically, though it may be possible to | different frequencies in an elevated conduc-

so employthe purposes of multiple and selective | tor and receiving the several energies of the
wireless telegraphy, electric vibrations and | resulting electromagnetic waves of different
radiations departing considerably from the | frequencies, each to the exclusion of the rest, |
simple harmonie type by employing at the re- | in a separate electric translating device. 120
ceiving end circuits selective to the funda- 4. The method of distributing the energy

s~ mental of such vibrations and radiations, yet | of free or ungunided electromagnetic waves
it will only be through the selective recep- | which consists in independently developing
tion of that simple harmonic component of | a number of forced simple harmonic electric

the vibrations or radiations which is their | vibrations of different frequencies in an ele- 125
fundamental that the system will be oper- | vated conduetor and receiving the several en-

6c ative. The other simple harmonic compo- | ergies of the resulting electromagnetic waves,
nents of the vibratious or radiations add noth- | of different frequencies,each to the exclusion
ing to the operation of the system. More- | of the rest, in a separate circult resonant to
over, if such overtones exist in the waves | the same frequency as that of the waves, the 130
emanating from a transmitting-station their | energy of which is to be absorbed therein.

55 presence will preclude the possibility of plac- 5. The method of distributing the energy

 ingreceiving-stations in theimmediate neigh- | of free or unguiced electromagnetic waves

‘borhood of such transmitting-station for the | which consists in developing forced simple
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harmonic electric vibrations of different fre-

10

quencies, each in a different elevated econ-
ductor, and receiving the several energies of
the resulting electromagnetic waves of differ-
ent frequencies, each to the exclusion of the
rest, in a separate electric translating device.
- G_ The method of distributing the energy
of free or unguided electromagnetic waves
which consists in developing a number of
forced simple harmoric electric vibrations of

~ different frequencies, each in a different ele-

15

20

25

vated conductor,and receiving the severalen-
ergies of the resulting electr mnagnetlc waves
of different frequencies,each-to the exclusion
of the rest, in a separatie resonant eircuit at-
tuned to the same frequency as that of the

waves, the energy of which is to be &.bsorbedj

therem

7. The method of reudennﬂ' a cireait reso-
nant to a given high frequency, which eon-
sists in balancing the reactance of an air-con-
denser by the reactance of & coil, the ampli-
tude of whose poténtial energy is small eom-
pared to the amplitude of its kinetic energy

when it is. supporting. & current of ﬂmd gwen
high frequency.

8. The method of constructing a cml to be
nused in'a circuit to be made resonant focagiven

high frequency, whieh consists in 80 propor-

30

33

tioning the coil that the ampiitude of its po-

tential energy shall be small compared t¢ the

‘amplitude of its kinetic energy when sup-

porting a current of given high frequency.
9. The method of developing iree or un-
guided-simple harmonic electromagnetic sig-

-nal-waves, which consists in dlscha.rgmg 2
condenser thmugh a closed circuit having in-

ductance adapted to produce under such con-
ditions simple harmonic vibrations, and im-
pressing the electrical vibrations so produced
upon an open-cireuif, or ‘elevated cnnduetor

 substantially as described. .
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10. 'The method of devel@pmﬁ free or un-
guided simple harmonic electromagnetic sig-
na.l.-wm'ea whichconeistsin discharging a con-

denser through a elosed cireuit having induae-,
tance adapted to produce under such eondi-
tions simple harmonic vibrations, impréssing |
these vibrations on a resonant circuit or

group thereof regonant to the frequency of
these vibrations, and impressing the reselt-
ing electrical Wbmtmns upon an open-clremt

or elevated conductor.

11. The method of selectively rueeiving the

quencies, ealh to “the exclusion of the rest,

which consists in receiving the same in an

elevated couductor and translating or con-
veying the several energies of the resultmw
electrical oscillations, each to a separate cir-

cuit associated with amd elevated conductor,

and resonant to the frequency of the electro-

magnetic waves, 1ha energy of which it is to
receive.

12. The method of selectively recew.a ng the

m.-'l I . -

11

enargy of szunple harmonic electromagnetlu '

signal-waves of different frequencies, each to.

tha exclusion of the rest, which consists in
receiving the same in an elevated conductor

and translatmg or conveying the several en-

ergies of the resulting electrical oscillations,
each to a separate group of resonant circuits
associated with said elevated conductor and
resonant to the frequency of the electromag-

(361 ve.

energy of free or unguided simple harmonie
electromagnetic signal-waves of different fre-
quencies, each "to the exclusion of the rest,
which counsists in receiving the same in a plu-
rality of elevated eonductors, thereby de-

| .veloping in each elevated cond actor electrical

oscillations corresponding in frequency to the
electromagnetic waves received by it and in

-translating or conveying from each elevated
cenduetor to an associated circuit the energy
of the particular electrical oscillation to the
frequency of which said associated eircuit is
made resonant. |
~ i4. The method of selectively reeewmg the
energy of simple harmonic electromagnetic

gignal-waves of different frequencies, each to

the exclusion of the rest,which consists in re-
ceiving the same in a plurality of elevated
conductars, thereby developing in each ele-
vated conductor electrical oscillations corre-
| apon ding in frequency to the electromagnetic
waves reeeived by it and in tmnsla,tmg or
conveying from each elevated conduclor tv &
group of resonant circuits associated there-
with the energy of the particular electrical
oscillations to the- frequency of which said

group.of associated circuits 18 resonant.

" 15. The method of absorbing the energy of

netic waves the energy of which it is to re-
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75

13. The method of seleetwely receiving the

30
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free or ungnided simple ha,rmumc eleetm- ‘

magnetic signal-waves of one frequency o
| the exclusion of the energy of like waves of
different frequencies which consists in as8so-
ciating with_an elevated conduector a group
of circuits, eath resonantto the frequencv of
the waves, the énergy of which is to be ab-
sorbed.

'16. The method of mcewmg the enerﬂ'y
of simple harmonic electromagnetic signal-
waves, which consists in receiving the same in
| an elevated conductor and translating or eon-
veying-the energy of the resulting @lectrlcm

| _ , | oseillations to an electrical translatin g device
energy of free or unguided simple harmonic
electromagnetie sign al-waves of different fre-

shunted around the terminals of one of the
elements of a resonant cireuit associated with
said elevated conductor and resonant to the
frequency of the electromagnetic waves.
17. The method of dmtrrbutmg the energy
of free or unguided electromagnetic waves,
“which- (‘OHSIHW in 1n¢]ependenbly davelopmw
i"a number of foreced simple harmonic electric
vibrations of different f:equenme«s in an ele-
vated conduetor and receividg the several en-

110

18

l ergies of the resuiting electromagnetic waves

of d:ﬁerent frequencies, each to the etclliswn

H"i"""-;llm: .....
an



. of the reét, in a group of circuits resonant to |

10

_éne‘rgy

12,

the same frequency as that of the waves the
of which is to be absorhed therein.
18. The method of distributing the energy

of free or unguided electromagnetic waves, |

which consists in developing a number of
forced simple harmonio electric vibrations of
different frequencies each in a different ele-

vated conductor, and receiving the several

energies of the resulting electromaguetic
waves of different frequencies, each to the

exclusion of the rest, in a-separate group of

' circunits resonant to the same frequenay as

" that of the waves  the
15

20

be absorbed. "

' 19. The metliod of devalogﬁng free or 'un-,_

gunided simple barmonic electromagnetic sig-
nal-waves, which consists in disturbing the

“electrical eqailibrium of a circuit comprising

a condenser, and a coil having indnotance

-adapted to prodnce under such conditions

- gimple harmonic vibrations, and impressing

the electrieal vibrations so produced upon an

" open eircuit or. elevated conductor, substan-

tially as described. :

' * 20. The method of developing free,' 61- un-

guided simple barmonic electromagnetic sig-

" nal-waves, which consists in- disturbing the

30

slectrical equilibrium of a cireunit comprising
a condenser and & coil having inductance

.adapted to produce uunder. such conditions

simple harmonie vibrations, impressing these

_vibrations on ‘a resoanant circuit or group

35
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thereof attuned to the frequency of these vi- |

brations, and impressing the resulting elec-

trical vibrations upon an open circuit or ele-

vated conductor. _ |
~ 21. The 'method of receiving the energy of

simple harmonic electromagnetic signal-

waves, whicli consists in receiving the same

in an'elevated conductor and "transiating or

conveying the energy of the resulting elec-
trical oscillations to an electrical translating
deviece forming one of the elements of & reso-
nant circnit associated with said elevated
conduacto. and resonant to
the electromagnetic waves. e
- 92, The method of developing free
guided simple harmonic electromagpetic sig-
nal waves or radiations, which consists in
disturbing the electrical equilibrium of a

closed oscillating circuit associated with an

~ elevated condnctor and possessing sufficient

auxiliary inductance to swamp the offect of
the mutual inductance between it and the
elevated conductor. -

" 93. The method of developing free or un-

guided simple harmoniec electromagnetic sig-
nal. waves or radiations, which consists in
disturbing the electrical equilibrium of a
closed oscillating circuit forming one of &
group of resonant circnits associated with a3n

‘elevated conductor, each eircuitof the group

ossessing sufficient auxiliary inductance to
swamp the effect of the n:utaal inductance
between it and the other circuits of the group
and between it and the elevated conductor.

energy of which is to |

the frequency of |

or un-

714,756

24. The method of develéping‘ fiee or un-
guided simple harmonic electromagnetic sig-

‘nal waves or 'radiations, of different fre-

quencies independently in u single elevated

7¢

conductor, which consists in disturbing -the -

electrical equilibrium of e¢losed osecillating

circuits associated with faid elevated con- -

dactor, each being attuned to a different one

of the frequencies to be developed, and each

of said oscillating circuits having sufficient

1 auxiliary indnctance to swamp the effect of

the mutual inductance between it and the
other oscillating circuits and the said ele-
vated conduector. |

25. The method of receiving the energy o
simple harmonic electromagnetic waves of a

[ ]

given frequency, to the exclusion- of like

waves of different fregquencies, which con-
sists in receiving the samein an elevated con-

sulting electrical oscillations to a circuit as
sociated with the elevated electrical con-
ductor and made resonantfo the frequency of
the electromagnetic waves the energy of
which is to be received by a condenser and

an suxiliary inductance-coil whose induct-

ance is suffidient to swamp the éffect-of the

‘mutnal inductance between the associated
‘eircuit and the elevated condnator. .
. 26. . The method of selectively receiving the

energy of simple harmonic electromagnetic
signal-wavesg of one frequency, to the exclu-
sion of like waves of different froquencies,
which consists in receiving the same in an

-elevated conductor and. translating or con-

veying the energies of the resultingelectrical
oscillations each to a separate circuit asso-
ciated with said elevated: conductor, each
resonant to the frequency of the electromag-
netic waves, ?9 energy of which is to be re-
ceived, and each baving sufficient auxiliary
induetance to swanip the effect of tho mutual
inductance between it and the other asso-

-ciated circuits and between it and the ele-
vated conduector. '

27. The method of ‘developing simple har-
monic, electromagnetic, signal waves or ra-
diations of a given frequency, which consists
in impressing upon a metallically-continuous

electirieal oscillations of the same frequency.

75

duetor and conveying the energy of the re--

90
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vertical oscillator forced simple harmonic

28. The method of simultaneously develop- -

ing simple harmonie, electromagnetic, signal

waves or radiations of different frequencies,
which consists in independently impressing

-npon & metallically-continuouns vertical oseil-

lator foreed, simple harmonie, electrical os-
cillations of the same frequencies.

- 29. The method of absorbing the energy bf

I30 -

125

free or unguided, simple harmonie, electro. -

magnetic sigual-waves of one frequency, to

the exclusion of the energy of like waves of

diferent. frequency, which consists.in asso-

'130 |

ciating with an elevated conduector a circunit . -

‘resonans to the frequency of the waves, the

energzy of which is to be absorbed, and having -

sufficient auxiliary inductance to swamp the
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and the elevated conductor.

30. The method of distributing the energy
of free or ungunided, electromagnetic waves,
which consists in mdependenﬂy developing a
number of forced, simple harmonie, eleetrm
vibrations of dlfterent frequencies in an ele-
vated conductor, and receiving the several en-
ergies of the resulting electromagnetic waves

of different frequencies, each to the exclusion

of the rest in a separate circuit resonant to

the same frequeney as that of the waves, the.

energy of which is to be absorbed, and havmn'
sufﬁment auxiliary inductance 60 swamp the
effectof the mutualinductance betweenitand
all of the cirenits with which it is associated.

51. The method . f distributing the energy
of free or unguided, electromag nemc waves,
which COHbleS 1n developing a number of
foreced, simple harmonie, electric vibrationsof
dif erent frequencies, each in a dif
vated conductor, and receiving the several en-
ergies of the resultm@ eleetromaﬂ*neme waves
of different frpquenmeq each to the exclusion
of the rest, in a separate resonant circuit at-
tuned to the same frequency as that of the
waves, the energy of which is to be absorbed
therem and having sufficient auxiliary in-
ductan(,e to swamp the effect of the mutual
inductance between it and all eirenits with
which it is associated.

52, The method of de?eiopinﬂ iree or un-

guided, simple harmonie, electromagnetic sig-
nal -waves, which eonmsﬁs in d].sehawmn* a
eondenser through a closed cireuit havmﬂ' in-
ductance adapted to produce under such con-
ditions simple harmonie vibrations and suffi-
clent auxlha,ry Inductance to swamp the ef-
fect of the mutual inductance between it and
an elevated conductor with which it is asso-
ciated, and impressing the electrical vibra-
tions so produced upon the said elevated con-
ductor.
33. The method of developing free or un-
gulded, simple harmonie, electromagnetie,
sig nal—waves which conmsts in dlseharn‘mwa
condenser throuﬂ‘h a closed circuit ha,vmw in-
ductance adapted to produce under such ¢ con-
ditlons simple harmonie vibrations, i 1 press-
ing these vibrations on a resonant circuit or
group thereof resonant to the frequency of
these vibrations, each circuit having suffi-
clentauxiliary mductanee to swamp the eifect
of the mutual inductance between it and all
circults with which it is associated, and im-
pressing the resulting electrical vibrations
upon an open circuit or elevated conductor.
34. T'he method of selectively receiving the
energy of freeor unguided, simple harmomc
electromagnetic, swnal-waves of different fre-
querncies, eaeh to the exclusion of the rest,
which consistsin receiving thesamein an ele-
vated conductor and EI‘&DSlELtlH“‘ or conveving

. the'several energies of the 1*ebult1nn* elactr 1(33,1

oscillations, each to a separate cireuit asso-
ciated with said elevated conductor, and reso-

nant to the frequency of the electromaﬂ'netw |

erent ele-

waves, the energy of which it is to receive,

each mreulb having sufficient auxiliary in-
ductance to swamp the ef
' inductance between it and all cireuits with
which it is associated.

00. The method of selectively receiving the
energy of simple harmonie, elecbromaﬂ*neth,

signal-waves of different frequeneleﬁ each to
the exclusion of the rest, which consists in re-
ceiving thesameinan elevated conductor and
tr?uslal_,mw or conveying the several energies
of the resulting electrical oscillations, eaeh to
a separate group of resonant elrcmts associ-
ated with said elevated conductor and reso-
nant to the frequency of the electromagnetic
waves, the energy of which it is to receive,
each circuit having sufficient auxiliary in-
ductance to swamp the effect of the mutual
inductance between it and all clremts with
which 1t is associated. - -

56. The method of selectively receiving the
energy of free or unguided, simple harmome
eleattﬁomdﬂ*netle qwual-waves of different fre-
quencies, ea,ch to the exclusion of the rest,
which consists in receiving the same in a plu-
rality of elevated conductors, thereby devel-
oping in each elevated conductor electrical
oscillations corresponding in frequency to the

electromagnetic waves received by it and in

tlamlatmﬂ* or conveying from each elevated
conductor to an assoclated circuitthe energy
of the particular electrical oscillations to the
frequency of which said associated circuit is
made resonant, each of said circuits having
suificient anmhmy inductance to swamp the
eifect of the mutual inductance betweenitand
the elevated conductor and all eirecuits with
which it is associated.

37. The method of selectively receiving the
energy of simple harmonie, electromag netle
signal-waves of different frequencles eaeh e
the exclusion of the rest, which consists in
receiving the same in a plurahny of elevated
eonductors, thereby developing in each ele-
vated conductor electrical oscillations corre-
sponding in frequency to the electromagnetic
waves received by it and in translating or
conveying from each elevated conductor to
a group of resonant circuits associated there-
with the energy of the particular electrical
oscillations to the frequeney of which said
group of assoclated circuits is resonant, each

of said circuits having sufficient auxiliary in-

ductance to swamp the effect of the mutual
inductance between it and the elevated con-
ductor and all circuits with which it is asso-
ciated.

33. The method of absorbing the energy of
free or unguided, simple harmonie, electro-
magnetic,signal-waves ofone frequency tothe
exelusmn of the energy of like waves of dif-
ferent frequencies, whleh consists in associ-
ating with an elevated conductor a group of
cireunits, each resonant to the fre equency of
the waves, the energy of which is to be ab-
sorbed, each circuit having sufficient auxil-

iary induetanca to
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fect of the muttml_

swamp the effect of the-
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mutual inductance between it and all circuits | tions ‘simple harmonic vibrations, and 1m-

with which it 18 associated.

39. The method of receiving the energy ot
simple harmonice, electromagnetic signal-
waves, which consists in receiving the same
in an elevated conductor and translating or
conveying the energy of the resulting elec-
trical oscillations to an electrical transla,tmw

device shunted around the terminals of one .

of the elements of a resonant circait associ-
ated with said elevated conductor and reso-
nant to the frequency of the electromagnetic
waves, each circuit having sufficient auxil-
iary inductance to swamp the effect of the
mutual inductance between 1t and all circuits
with whieh it is associated.

40. The method of distributing the energy
of free or unguided electromagnetic waves,
which consists in independently developing
a number of foreed, simple harmonie, eleciric

- vibrations of different frequencies in an ele-

30

35
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vated conductor and receiving the several en-
ergies of the resulting eleebroman‘netlc waves
of d1 erent flequenmeS each to the exclusion
of the rest,in a group of circuits resonant to
the same frequeney as that of the waves, the
energy of which is to be absorbed therein,
each circuit having sufficient auxiliary in-
ductance to swamp the eifect of the mutual
inductance between it and all cirenits with
which 1t is associated.

41. The method of distributing the energy
of free or unguided electromagnetic waves,
which consists in developing a number of
forced, simple harmonie, electric vibrations

of different frequencies, each in a different

elevated conductor, and receiving theseveral
energies of the resulting electromagnetic
waves of different frequencies, each to the
exclusion of the rest, in a separate group of
circuits resonant to the same frequency as
that of the waves the energy of which is to
be absorbed, each of said circuits having suf-
ficient auxiliary inductance toswamp the ef-
fect of the mutual inductance between it and
the elevated conductor and all cireuits with
which it 1s associated.

42. The method of developing free or un-
cguided, simple harmonie, electromagnetic

signal-waves which con51sts in d1sburb1ncr_

the electrical equilibrium of a cirecuit com-
prising a condenser, and a ¢oil havinginduct-
ance adapted to produce under such condi-

714,756

pressing the electrical vibrations so produced
upon an elevated conductor, each circuit hav-
ing sufficient auxiliary inductance to swamp
the effect of the mutual inductance between
it and all cireuits with which it is associated.

43, The method of developing tree or un-
cnided, simple harmonic, electromagnetic
signal - waves, which consists in disturbing
the electrical equilibrium of a circalt com-

| prising a condenser and a coil having induct-

ance adapted to produce under such condi-
tions simple harmoniec vibrations, impressing
these vibrations on a resonant circuit or
croup thereof attuned to the frequency of
these vibrations, and impressing the result-
ing electrical vibrations upon an elevated
conductor each circuit having sufficient anx-
iliary inductance to swamp the effect of the
mutual inductance between it and all circuits
with which 1t is associated.

44. The method of receiving the energy of
simple havrmonie, electromagnetic signal-
waves, which consists in receiving the same
in an elevated conductor and translating or
conveying the energy of the resulting elec-
trical osciliations to an electrical translating
device forming one of the elements of a reso-
nant circuit associated with sald elevated
conductor and resonant to the frequency of
the electromagnetic waves, each circuit hav-
ing sufficient auxiliary inductance to swamp
the effect of the mutual inductance between
1t and all circuits with which 1t is associated.

45. The method of absorbing the energy of
free or unguided simple harmonie electro-
magnetic signal-waves of one frequency, to
the exclusion of the energy of like waves of

different frequency, which consists in receiv-

ing the same in an elevated conductor.and
translating or conveying the resulting elec-
tric vibrations to a circuit associated with
sald elevated conduector, and resonant to the
frequency of the waves, the energy of which
18 to be received.

In testimony whereof I have hereunto sub-
seribed my hand this 613]1 day of February,
1900.

JOHN STONE STONE.

Witnesses:
E. D. CHADWICK,
ALEX. P. BROWNE.
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Corrections in Letters Patent No. 714,756, ;

Rl *FH-F—}N- ey

Tt is hereby certified that in Letters Patent No. 714,756, oranted December 2, 1902,

“upon the application of John Stone Stone, of Boston, Massachusetts, for an improve-

ment in “ Methods of Selective Electric Signalling,”” errors appear in the printed
specification requiring correction, as follows: In line 85, page 1, a period should be
substituted for the semicolon after the word “systems’” and the following word “ but?”
commence with a capital “ B,” making a new sentence; in line 91, same page, a semi-

| colon should be substituted for the period after the word ‘ neighborhood” and the

following word “It’” commence with a small “i,” making a continuous sentence;

' in lines 105-110, page 5, and lines 120-125, page 5, the member of each eguation

1 should read L

C,p, C,p

.5 in line 91, page 10, a comma should be substituted for the dash

" after the word “non-metallic,” and the dash after the word ¢ fact” should be stricken

out, and in line 92, page 10, a comma, should be inserted after the word * dielectric;”’
and that the said Letters Patent should be read with these corrections therein that
the same may conform to the record of the case in the Patent Office.

Signed and sealed this 8th day of December, A. D., 1903.
[BEAL. ] F. I. ALLEN,
| Commassioner of Patents.
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