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" To all whom it may concerr:

 Be it known that I, JQHN STONE STONE, &

citizen of the United States, residing-at Bos--
ton, in the county of Suffolk and State of Mas:-
sachuseits, have invented ‘certain new and-
useful Improvements in Apparatus for Am-

plifying Electromagnetic Signal-Waves, of

which the following is a specification. '

" The invention relates to the art of wireless’
or space telegraphy, and more particularly to.
thaf form of space telegraphy in which the
signals emanate from an elevated conductor

_in the form of electromagnetic waves. Such
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" gystems shall hereinafter be désignated as
‘*elevated-conduetor systems of space teleg-
. raphy.” v :

.- Heretofore, asfar as lam aware, inelevated- |
“conductor systems of space telegraphy the
-electromagnetic’ waves emanating from the

elevated conductor-have éither been of such:

noderate frequency asthose corresponding to' |
- audible sound-waves or of such enormously |-

‘greater frequencies as can at present only

- e obtained by the discharge of eléctric con-
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" plitude of the vibrations conveyed totheele- |

densers through circuits possessing induet-
ance. The high-frequency waves have cer-.
tain advantages over the comparatively low--
frequency waves for the purposesof elevated-
conductor systems of space. telegraphy;. but.
whereas heretofore i the elevated-conductor,

‘systéms of space telegraphy employing low
frequencies the-electrical -oscillations:in the|
elevated conductor are conveyed to it froma

primary ¢ireuit by means of a step-up trans-:
former, thereby greatly amplifying. the am--

vated conductor,it-has, so far as I amaware,

. heretofore been exclugively the practice in
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high-frequency elevated-conductor systéms
of spaceé telegraphy to develop the electrical -

-~ ogeillztions in thé elevated conductor by caus-

.ing an oscillatory discharge to take place at

a.spark-gap in the elevated conductor itself.

" This method of developing the electric oscil- .
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‘#ial dif srence just sunfficient to produce a |

lations directly in the vertical conductor pre-

.7 sents the disadvantage of limiting the ampli--

tude of the resulting oscillations toa poten-

' spark ‘at the spark-gap in the elevated con-
duetor, . - T o
7" The  object of the present invention-1s to

the electric oscillations in'the elevated con-
_ductor is limited tothe potential difference:

oscillations by meansef a step-up transformer
to produce inductively corresponding oscilla-

conductor, the amplitude of these oscillations
being through the intermediary of the step-
up transformer much:amplified. ‘

In my application filed January. 23, 1901,

‘disclosed the herein-deseribed apparatus for
amplifying eélectromagnetic signal-waves and
- havethereinillustrated the same embodiment.
of this invention ag here disclosed, but have
-not therein ¢laimed this apparatus broadly. -

‘overconein the high-frequency-elevated-con-.
ductor system of space telegraphy the defect -
described above, whereby the amplitude of .

required to produce & spark. at the spark-gap”
contained in the elevated conduetor. This:
object I attain by developing the high-fre-
quency oscillations required for the purposes’
.of high-frequency space telegraphy in a pri-.
mary circuit by the charge and discharge of
‘an electric condenser and then causing these. .

tions of inereased amplititde in the elevated:
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Serial No. 44,384, for improvement in appa-
‘ratus for selective. electrie signaling; I have

75

... An embodimientof this invention is depict= -

.od in ‘the drawing which accompanies and
-forms a part of this spécification. B
- The figure is a diagram illustrating an or-
-ganigation of circuits and apparatus for pro-
- dueing electrical oscillations of great ampli=
tude in an elevated conductor: o

““In.the diagram; ¢ is a generator of current
of a‘relatively moderate frequency.

and whereby oscillations may: be developed
or not in an elevated.conductor at the will of
“the operator. L '

“M is an induection-coil or step-up transfor:

‘nated as N-and Nj, respéctively:
818 'a spark-gap. ‘

(0 is a eondenser,
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- ks akey by means of which the operation - '
.6f the apparatusasawhole maybe controlled -
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mer whose priniary and secondary are desig- .
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M’ is a second step-up transformer whose
primary and secondary are designated by N’
and N',/| respectively. .

The elevated .conductor V is grounded at

5 the earth connection E. - R

The operation of the apparatus is as fol-
lows: When sef in motion in any suitable.
manner, the generator a develops an alternat-

ing electromotive force of relatively moder- .

o ate frequency, which when the key % is de-
bressed develops a current in the primary
circuit a £ N. This current induces a very
high - potential ‘alternating electromotive
force 'in the.secondary coil N’, which tends
to alternately charge the condenser C toa
high potential first in one direction and then
in the other; but-the spark-gap.S is-so ad-
justed that when the condenser is charged
almost to its maximum in either direction a
spark passes.at S; and the condenseris there-
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. by permitted to discharge through the cireuit |-

3 N'C. Thisdischarge is oscillatory in.char-
acter, owing to the inductance of the coil N’
.'or. to the inductance. of an auxiliagry coil;

g5 (shomn in the drawing at L,) whieh is intro--
., daced ‘in the circuit S N’ € for the purpose’

aof controlling the frequency of the resulting
‘Yibrations. -

-~ ogtiof Hereinbefore referred to, and its funec-
30 tion-in_determining & simple harmonic waye
. ig-therein fully described.
the’ primary "N’ induce vibrations-of much
‘greater ainplitude ‘in the secondary conduc-

_tor. V N"-E, and these latter give rise to.
35 electromagnetic waves whose amplitude and
- frequency correspond to the amplitude and

frequency of the electric oscillations.: Inthis
manner electromagnetic waves-are caused to

" -emanate from the vertical conduetor which

40 are of greater amplitude:than it'would be
* -possible to produce from a corresponding el-
svated conductor in which the electric oscil-

Iations are produced by.charging the con-
- dugctor to-a high potential and-then permit-

45, ting the conductor to discharge to earth; By
. ‘granipulating the key k in accordance with a
predetermined code telegraphic - messages

- Biay-bd transmitted from  the elevated con-

. Quetor: by eslectromagnetic waves emanating

so therefrom, and the messages so transmitted |

may be received by any suitable elevated-
eonductorspace-telegraph receiver within the
range:of influence of the transmitting ele-

- vated conduetor V. T
§§ o Certain precautions must.be.taken in the
- construction of the coil M’ in order to over-
‘come the-effects of dielectric and magnetic
hysteresisand theeffectsof capacity and con-
) ductance leakage between the various con-
6o volutions of the coil; but these precautions
- --are no different from those which havs long
been regcognized aspecessary in the cohstruc-
tion of inductance-coils to be used.: ja: high-
frequency circuits; For a: given dlélectrio
6y medium the conditions governing conductive
: and inductive or capacity leakage are practi-
. cally identical: The wire must ba of rvela-

This coil -is shown in my appli--

The vibrations in
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tiveilj small diameter, and the distance sep-
arating two convolutions between which a
considerable difference of potential exists
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during the operation of the apparatus should .

be relatively large. For this -purpose fiat
spirals have been employed; but any other

convenient form may be employed, provided

such proportions are taken as will sufficiently
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diminishthe electrostatic capacity of the con- .

volutions between which high differences of
potential occur during the operation of the
apparatus. Thenecessity of avoiding dielec-
tric and magnetic hysteresis makes it neces-

sary-to avoid as much as possible the use of

solidandliquid dielectricshaving great dielec-
trie hysteresis; and also imposes the condition
that no iron shall be placed in or about the
¢oils except it be so placed as to have but

slightinduction developed in it by the current

in the coil.. , ,

. As soon as the spark-gap S has been broken
down the greatest differences of potential in
the circuit S C.N' occur at the condenser C,

‘and it is there that the displacement-current

is greatest. For this reason it is necessary
to so construct the condenser C that there
shall be a minimum of dielectric hysteresis.

.This may be most easily accomplished by

using an air-condenser, though it is possible

that some other dielectrie, either solid or lig--

uid, may be found to be sufficiently free from
dielectric hysteresis, yet, so fat as my expe-

rience extends, air is the preferred dielectric

to employ in the condenser. When the cir-
cuit 8 C N'is supporting the oscillating dis-
charge of the condenser C, the greatest mag-
netization oceurs in the said coil N' or in the
hereinbefore ~mentioned auxiliary coil em-

ployed to eontrol the frequency of the oscilla-
tions.

! For-this reason it is necessary to so
construct the coil N' and the auxiliary coil as
to minimize the magnetic hysteresis in them.

This result may be accomplished by exclud-

ingiron or other paramagnetic materials from
these coils and from their immediaté neigh-

-borhood. Thoughitmay bepossibletoemploy
 finely-divided soft iron embedded in a dieleg-

tric matrix to enhance the magnetization in
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these coils, I am not prepared to recommend

the use of such material as a core for the coils,
and, so far as my experience extends, coils
from the construction of which all paramag-

 netic material is excluded are the preferred
-coils to.employ-in the cireuit SC N, - Though

the displacement-currents are greatest at the
condenser, thére is nevertheless, as heréin-
before stated, inductive or capacity leakage
between the turns of the coil-—i. e., displace-
ment-currents flow between the convolutions
of the coil, and these displacement-currents,

.as well as the hysteretic losses which they

may involve, should be minimized in the man-

- nerhereinbefore deseribed; but it is not nec-
' essary to indefinitely diminish these displace-
' ment-currents, and it is sufficient t0 so design

the coils that they shall behave for currents of

the frequency used practically like a condue-
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tor having a fixed inductance and a ﬁXé‘d re-
sistance, but devoid of appreciable capacity.

-Coils constructed in the usual way do not be-

have for high frequencies as if they had a
fixed. resistance and imductance and no ca-
pacity, but partake more of the character of

conductors having distribnted resistance, in-:

dtictance, and capacity. Infaet, they may in
some instances behave with high frequencies
more like condensers than like conductors

Thaving fixed resistance and inductance and

. 'no eapaeity.  Since a coil constructed in the
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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 sagme

quasi resonance as is observed with low fre-
“quencies in long aerial lines and cables—. e.,
thatit will per seand withoutthe intermediary

of a condenser show a slight degree of selec-

_tivity for some particular frequency and for
'eertain Tnultiples of that frequency, just as

25

,30

a stretched string which has distributed in-
ertia and elasticity will respond te a particu-
lar tone called its *‘fundamental” and to all

other tones whose periods are aliquot parts

of the periods of that fundamental; butitis

not with:suéh quasi resonance that the pres-
ent invention is carried into effect.. A gen-

-eral criterion which determines the utility of a

coil for tuning a circuit to a particular high

frequency is that the potential energy of the |

displacement-currents in the coil shall be

- small compared to the kinetic energy of the

- frequency.

.40

conduction-current flowing through the coil
when the coil is traversed by a current of that
I have found that for a single-
layer coil the following procedure is sufficient
for practical purposes: Determine the in-
ductance of the coil by formulz to be found
in the text-books and treatises on electricity
and magnetism. Thiswill enable the kinetic

-energy of the coil to be determined for any

45

55,

do

63

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 coil were de-
void of distributed. electrostatic capacity.
Next calculate the électrostatic eapacity be-
tween an end turn and each of the remaining
turns of the coil. - Theseé capacities, together
with the potential gradient found, will enable

if the ratio of the potential energy to"the
kinetic energy so found. be negligible com-

.pared to unity the coil will practically satisfy

the requirements hereinbefore-mentioned.

If the-coil dees notmeet the requirements, the:
design should be so changed as to increase.

the separation beétween the turns; or the size
of the wire should ‘be diminished or the di-

ensions of ‘the coil so otherwise altered as’

to'decrease ‘the distributed capacity without
proportionately diminishing the inductance.

The calculations may be greatly abbreyiated :

and the liability to error greatly reduced if

the results of the computations be plotted in-

to a high frequenecy it is sufficient to~ state

‘that the preferred form of support for such a

coil is any skeleton frame which will hold the
turns of wire in place without exposing much

‘surface of contact to the wires and affording

a.minimum of opportunity for the develop-.
ment of displacement-currents within itself..
This'form of skeleton frame is well known in,
the art, having been fully deseribedin Vol. 49
(1900-1901) of the Journal of the Society of
Arts, London, in the report of a lecture by

Prof. J. A. Fleming. -Itis by no means nec-

essary to use this report, but I find it a'con-:

‘venient means for accomplishing the afore-

said result. i

The injunctions here’inbefore,giveﬁ regai'd-
ing the construction of the coils to be em-

ployed in eircuit $'C N’ apply with equal

force to both the coil M’ -and the auxiliary
coil used to control- the frequency. of the os-
cillations in this resonant ecireuit; but the
‘coil N’ may be made to perform the funetion:

of the auxiliary coil and control the fre-:
quency of the oscillations; or, what amounts.
{o the same thing, the auxiliary coil may be . -
-made a part of the coil N', which then per-

forms both funetions—i. ., of controlling the
frequency of the oscilldtions and of impress-
ing these oscillations upon the elevated-con-
ductor.’ This double function- may bé per-
formed by the coil N'if it be so designed that

‘curves. Regarding the effect of a dielectric.
core in a coil to.‘'be used for tuning a cireuit:
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its self-induetion is made large compared.-to -

the ratio of ‘the mutual induction between
the coils to the product of the inductanee. of

the primary coil by the inductance of the sec- - :

ondary—+. e., M*<L,L;.
that the inductance of the auxiliary coil must-

be added to the induectance of N’ without ap--

preciably increasing the mutual inductance

This simply meéans

10§

between that coil'and the secondary coil N'y. .

The-performance of the apparatus is the same

whether the auxiliary inductance necessary
‘to control. the frequency of the oscillations

be located in a separate coil or incorporated
in the coil N’ of  the transformer M’y though
it will be found in practice more convenient
to locate.the auxiliary inductance.in a sepa-

 § £

TI5

rate coil, owing to the greater complexity of - K

the numerical caleulations which have to be.

o |'made when the anxiliary inductance is to pe:
the potential energy to be determined, and } S

furnished. by the coil N'. :

T am aware of Patents Nos. 845,576 and

I2¢

649,621 to Nikola Tesla, which  disclose a =

methiod and apparatus for.impressing on an

‘dgerial conductor oscillations -of high fre-

quency by meansof a transformer; butinsaid
patents no means are disclosed for producing

‘simple harmonic waves, and, furthermore, as

the system therein disclosed is*for the trans-

~mission of electrical energy by conduction
through a rarefied atmosphere a simple har- "

monie wave-is not necessary; but as I am
the first to ‘discover the utility of a. simple

harmonic wave. in the fransmission of intel-

ligence by electroma’gn‘ei}ic waves by the gys-
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_ tem disclosed in my application aforesaid and
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am the first to discover the means for pro-

ducing said wave form effectively I claim

herein, broadly, an apparatus for amplifying
said electromagnetic waves. -

It is to be definitely understood that the
present invention is not confined to the spe-
cial form of apparatus shown and described
in this specification as means of developing
simple harmonie electric vibrations in the
primary circuit of the coil M’, any suitable
means of developing simple harmonic electrie
vibrations in the primary of the coil M’ being
consistent with the invention.

What I claim is—

1. In an apparatus for producing high-fre-

quency simple harmonic electromagnetic gig-
nal-waves, means of developing simple har-

monie electric oscillations of high frequency | ;

12,151

in a primary eireuit, an clevated conductor,

and a step-up transformer having its primary
helix associated with said primary eireuit and
its secondary helix associated with said cle-
vated conductor:

2. In a transmitter of electromagnelic sig-

nal-waves, a closed oseillating eleetrie cireuit
containing the primary of a step - up trans-
former,an elevated conductorassociated with

the secoudary of said transformer, and a

source of inductance in said closed oscillat-
ing circuit great as compared with the m utual
induetance between said primary and sec-
ondary. o

JOVN STONE STONE.
Witnesses: o
ALEX. P. BROWNE,
G. A. HicGing,
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