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To all whom it may concern:

"Be it known that I, NIKOLA T'ESLA, a sub-
_ Jectof the Emmror of Austria-IIungary, from

Smiljan, Lika, border country of Austria-ITun-
§ gary,and aresidentof NewYork,in thecounty

and State of New York, have invented certain

new and useful Improvements in Methads of
and Aﬁparatus for Electric Lighting, of which
- - the following is & specification, reference be-
10 ing had to the drawings accompanying and
forming a part of the same: Co

This invention consists in a novel method
of and apparatus for prodacing light by means
of electricity.

Yor a better understanding of the inven-
tion it may be stated, first, that heretofore I
have groduced and employed currents of very
high frequency for operating translating de-

- vices, such as. electric lamps, and, second,
' {hat currents of high potential have also been
produced and employed for obtaining lumi-
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nous effects, and this, in a broad sense, may .

be regarded for purposes of this case as the
prior state of the art; but I have discovered
that results of the most useful character may
be secured under entirely practieable eondi-
tions by means of electric currents in which
both the above-described condifions of high
freqnency and great difference of potential
30 are present. In other words, I have made the
- discovery that an electrical current of an ex-
cessively small period and very high poten-
- tial may be utilized economically-and prac-
* ticably to great advantage for the produnction
35 of light, -~ . - . S
‘ It is difficult for me to- define the exact lim-
itsof frequency and potential within which my
discovery is comprised, for the. results ob-
tained are due to both conjointly; but I would
make it clear that as to the inferior limits of
hoth, the lowest frequency and potential that
I contemplate using are far above what have
‘herctofore been regarded as practicable. As
an insgtance of wliat I regard as thé lowest
. 43 practicable limits I would state  that I have
-~ obtained fairly good results by a frequency
as low as fifteen thousand to twenty thousand
. per second and a potential of about twenty
- thousand volts. DBoth frequency and poten-
5o- tial may be erormously increased above these
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figures, the practical liniits being determined:

hy-the chavacter of ﬂm. apparatus and its ea-

cal difficulties, which in such cases hecome

Berial No. $90,414, (o model)

pability of standing thestrain. Ido not mean
by the termn “excessively small-period” and
similar expressions herein to imply that I 55
contemplate any number of pulsations or vi-
Dbrations por second approximating to the
number of licht-waves, and this will more
fully appear from the deseription of the na-
ture of invention which is hereinafier con-
tained.

‘The carrying out of this invention and the
full'realization of the conditions necessary to
the attainment of-the desired results involve,
first, a novel method of and apparatus for
producing tho currents or electrical effects of-
the character described; second, a mnovel
method of utilizing and applying the same
for the production of light, and, third, a new .
form of translating device or light-giving ap- 7¢c
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 pliannce. These I shall now deseribe.

“T'oproduce acurrent of very high frequency -

aud very high potential, certain well-known.

devices may be employed. For instance, as -
the primary source of current or electrieal 75
energy & continnous-current generator may
be used, the circuit of which may be inter-
rupted with extreme rapidity by mechani- -
cal devices, or & magnoto-electric machine
specinlly constructed to yield alternating cur- 8o
rents of very small period may be used, and -
in either case, should the potential be too low,
an induction-coil may be employed to raise it;
or, finally, in ordeér to overcome the mechani- e
5
practically insuperable before the best results
are reached, the principle of the disraptive
discharge may bo utilized. By means of this
latter plan I produce’a much greater rate of

changeinthe current than by the other means go

.suggested, and in illustration of my invention

Ishall confine the description of the meansor

"apparatus for producing the current to this
‘plan, although I would not be understood as

limiting myself to its use.” The current of 95
high frequeéncy, therefore, that is necessary

to the successfal working of my invention I -
produce Ly the disruptive discharge of the
accumulated energy of & condenser main- -
tained by charging said condenser from a 100
suitable source aud discharging it into or
through a circuit under -proper relations of

 self-induction, capacity, resistance,and period

in wellamderstond ways.  Such a discharge is
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known to be, under proper conditions, inter-

. mittent or oscillating in character, and in this

to
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way a current varying in strength atan enor-
mously rapid rate maybe produced. Ilaving
produced in the above manner a current of ex-
cessive frequency, I obtain from it by, means
of an induction-coil enormously high poten-
tials—that is to say, in the eircuit through
which or into.which the disruptive discharge
of the condenser takes placeIinclude the pri-
mary of asuitable induction-coil, and by a sec-
ondary coil of much longer and finer wire I con-
vert to currents of extremely high potential.
The differences in the length of the primary
and secondary coils in connection with the
enormously rapid rate of change.in the pri-
mary carrent yield a secondary of enormous
frequency and excessively high potential.
Such currents are not, 8o far as I am aware,
availableforuse in the nsual ways; but I have
discovered that if I connect to either of the
terminals of the secondary coil or source .of
current of high potential the leading-in wires

" of such a device, for example, as an-ordi-
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nary incandescent lamp, the carbon may be
brought to and maintained at incandescencs,
or, in general, that any body capable of con-

. ducting the high-tension curient described
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and properly inclosed in & rarefied or ex-
hausted receiver may be rendered laminous
or incandescent, either when connected di-
rectly with one terminal .of the secondary
source of energy or placed in the vicinity of
guolh terminals so as to be acted npon induct-
ively. : .
Without attempting a detailed explanation
of the causes to which this phenomenon may
be ascribed, I deem it sufficient to state that,
assuming the now generally accopted theories
of scientists to be correct, the effects thus

produced are attributable to molecular bom- |

" bardment, condensér action, and electric or
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etheric disturbances. Whatever part each
or any of these causes may playin producing
the effects noted, it is, however, a fact that a
strip of carbon or a mass of any other shape,
either of carbon or any more or less conduot-
ing substance in a rarefied or exhausted re-

. ceiver and connected directly or inductively
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to & sonrce of electrical energy such as I
have described, may be maintained at incan-
descenceif the frequency and potential of the
current be sufficiently high. T

I would here state that by the terms “cur-
rents of high frequency and high potentigl”
and similar expressions which I have used in
this description I do not.-mean, necegsarily,
currents‘in the usual acceptancsé of the term,

h but, generally speaking, electrical disturb-

.qo
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-this invention-
duce to a-minimum the opportunity for the

ances or effects such as would be produced in
the ‘secondary: source by the action of the
primary disturbanee or electrical effect, - ..
It is necessary to_observe in carrying out
t care must be taken: to re-

dissipation of the energy from the_ conductors

| this secondary I ¢

intermediate to the source of current and the
light-giving body. For this purpose the con-
ductors should be free from projections and
points and well covered or coated witha good
insulator. :

The body to be rendered incandescent
should be selected with a view to its capa-
bility of withstanding the action to whick it
is exposed without being rapidlj’ destroyed,

for some conductors will be much more speed-

ily consnmed than others. _

I now refer to the accompanying drawings,
in which— '

Figure 1 is a diagram of one of the special
arrangements that I have employed in carry-
ing out my discovery, and Figs. 2 and 3 are
vertical sectional views of modified forms of
light-giving devices that I have devised for
use with the system.

I would state that as all of the apparatns
herein shown, with the exeeption of certain
special forms of lamp invented by me, is or
may be of well-known construction and in
common use for other purposes, I have indi-

cated such well-known parts therefor by con-'

ventional representations,

@ is the primary source of current or elec-
trical energy. I have explained above how
various forms of generator might be used for
this purpose; but in the present illustration
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I assume that G is an alternating-current -

generatorof comparativelylow electro-motive
force.  Under such circumstances I raise the
potential of the current. by means of an in-
duction-coil having a primary P and a sec-
ondary 8. Then b{ the current developed in

arge & condenser C, gnd
this condenser I discharge through or into &
cireuit A, having an air-gap a, or, in genergl,
means formaintainingadisruptive discharge.

‘By the means above deseribed a current of

enormous frequency is produced. My object,

is next to convert this into a working-cireuif

of very high potential, for which purpose I
connect up in the cirouit A the primary P’ of
an induction-coil having a long fine wire see-

develops in the secondary S’
trical effect of corresponding frequency, but
of enormous difference of potential, and the

‘secondary 8’ thus becomes the source of the

energy to be applied to the purpose of pro-

ducipg light. ' r
The light-giving devices may be connocted.

to either terminal of thesecondary S’ If de.

sired, one terminal may be connoccted to a

conducting-wall W of ‘a room or 8pace to be
lighted and the other arranged for connection
of the lamps therewith. In such case the

-walls-should be coated with some metallic or

conducting substance in order that they may
have sufficisnt conductivity, |

The lamps or light-giving devices may be
an -ordinary incandescent lamp; but I prefér
to,use ‘Specially-designed lamps, examples of
which T have shown in-detail in the draw-
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.ondary §'. The current.in the primary P’ - _
acurrent or elec-
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. the interior of the neck of the globe, and’
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ings. This lanp consists of a ravefied or
exhausted bLulb or globe which incloses a
refractory conducting body, as carbon, of
comparatively small bulk and any desired
shape. This body is to be connected to the
secondary by one or more conductors sealed
in the glass, as in ordinary lamps, or is ar-

ranged to be inductively connected thereto.:

For this last-named purpose the body is in
electrical contact with a metallic sheet in

on the ountside of said neck is a second sheet
which is to be connected with the source of
current. These two sheets form the arma-
tures of a condenser, and by them the cur-
rents or potentials are developed in the light-
giving body. -Asmanylampsof this orother
kinds may be connected to the terminal of S’
asthe energy supplied is capable of maintain-
ing at incandescence. . ;

n Fig. 3, b is a rarefied or exbausted glass
globe or receiver, in which is a body of car-
bon or other suitable conductor e. To this
body is connected a_metallic conductor f,
which passes through and is sealed in the
glass wall of the globe, outside of which it is
united to a copper or other wire g, by means
of which it is to be electrically connected to

one pole or terminalof the source of current. |.

Outside of the globe the conducting-wires arc
protected by a coating of insulation h,of any
suitable kind, and inside the globe the sup-
porting-wire is inclosed in and insulated by a
{ube or coating % of & refractory insulating
substance, such as pipe-clay or the like. A
veflecting-plate [ is shown applied to the out-
sido of the globe D. This form of lamp is &

- type of those designed for direct electrical
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conncction with one terminal of the source
of current; but, as above stated, there need
not be a direct aonnection, for the carbon or
otherillnminating body may be rendered lumi-
nous by inductive action of thecurrent there-
on, and this may be brought about in sev-
eral ways. The preferred form of lamp for
this purpose, however, is shown in Fig. 2.
In this figure the globe ! is formed with a cy-

" lindrical neck, within which is a tube or sheet
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m of conducting material on the side and
over the end of a cylinder or plug n of any
suitableinsulating material. Theloweredges
of this tube are in electrical contact with a

- metallic plate o, secured to the cylinder 2, all
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the exposed surfaces of such plateand of the
other conductors being carefully coated and
protected Dby insulation. The light-giving
body e, in this case a straightstem of carbon,

. is electrically connected with the said plate
.. by a-wire or conductor similar to the wire f,

6o

Fig. 3, which is.coated in like wanner witha

. refractory insulating material k. The neck

6s-

‘of the globe fits into a socket composed of an
insulating tabe or cylinder ), with & more or
less complete metallic lining &, electrically
connected by a metallic hoad or plate 7 with
& condunctor g, that is to be attached to ono

Y
v

pole of the source of current. The metallic
lining 5 and the shect m thus compose the
plates or armatures of a condenser. e

" This invention is not limited to the special
means described for producing the results
hereinabove set forth, for it will be seen that
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various plans and means of producing cur-

rents of very high frequency arc kiown, and
also means for producing very high poten--
tials; but I have only described -herein cer-
tain ways in which I havé practically carried
out the invention.

What I claim is— .

_1. The improvement in the art.of electric
lighting herein described, which consists in
generating or producing for the operation of
the lighting devices currents of enormons fre-
quency and excessively high potential, sub-
stantially as herein described.

.2, Themethod of producing an electric cur-
rent for practical application, such as for elec-
tric lighting, which consis‘s in generating or
producing a current of encrmous frequency
and inducing by such current in a working
circuit, or that to which the lighting devices
are connected, a current of corresponding
frequency and excessively high potential, as
set forth. . ' ] .

3. The method of producing an electric cur-
rent for practical appli¢ation, such as for elec-
triclighting, which consists in charging a con-
denser by a given current, maintaining an
intermittent or oscillatory discharge of said’
condenser through or into & primary cirenit,
and producing thereby in a secondary work-
ing-circuit in inductive rclation to the pri-
mary very high potentials, as set forth.

4, The method of producing electric light
by incandescence by electrically or induct-
ively connecting & conductor inclosed in a

.rarefied or exhausted receiver to one of the
poles or terminals of a source of electric
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energy or current of & frequency and poten- .

tial sufficiently high to render said body in-
candescent, as set forth. - - } g

-5. A system of electric lighting, consisting
in the combination, with a source of. electric

-energy or current of enormous frequency

and excessively high potential, of an incan-
descent lamp or lamps consisting of a con-
ducting body inclosed in & rarefied or ex-
hausted receiver and connected directly or
inductively to one pole or terminal of the
source of energy, as set forth, -

6. In a system of electrie lighting, the com-
bination,with a sourceof currents of enormous
frequency and -excessively -high potential,
of incandescent lighting devices, each con-
sisting of a conducting body inclosed in &
rarefied or exliausted receiver, said conduct-
ing body being connected directly or induct-
ively to one pole or terminal of the source of
carrent, and a conducting body or bodies in
the vicinity of said lighting devices con-
nected to the other pole or terminal of said

‘gource, a8 set forth.
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7. In 2 system of elestric lighting, the com-
bination, with asource of currents of snormous
" frequenocy of excessively high potential, of
lighting devices, each consisting ‘of a con-
5 Gueting body inclosed in a rarefied or ex-

hausted raceiver and connected by conduet-|

ors directly or inductively with one of the
terminals of said soutce, all parts of the con-

ductors intermediate to the said source and
the light-giving body-beinginsulated and pro- 1
tected to prevent the dissipation of the elec-
tric energy, as herein set forth.
' ' NIKOLA TESIA.. -
Witnesses: ‘
PARKER W. PagGgz,
M. G. TraCY.
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To all whom it may concern: .
Be it known that I, NIkoLA TESLA, & sub-

~ jeet of the Emperor of Anstria, from Smiljan,

Lika, border country of Austris-Hungary, re-
siding at New York, in the county and Stite

- of New York, have invented certain mewand

10

useful Improvements in Methods of and Ap-
paratus for Eleetrical Conversion and Distri-
bution, of which the following is a specifica-

tion, referetice being had to the drawings sc-

companying and forming a part of the same.

This invention is an improvementin meth-

- odsof and apparatus for eleotrical conversion,

5
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"designed for the ‘better and more economi-

cal distribution and application of electrical
energy for general useful purposes.

My invention is based on certain electrical
phenomena which have been observed by
eminent scientists and recognized as due to
laws which have been in a measure demon-
strated, but which, 30 faras I am aware, have
not hitherto been utilized or applied with
any practically usefnl results. Stated brief-
1y, these phenomena are as follows: First, if
a comdenser or conductor possessing capacity

. be ‘charged from a suitable.generator and

10

discharged through a circuit, the discharge
under certain conditions will be of an inter-

‘mittent or oscillatory character; second, if

two points in an electriccircuit through which
acurrentrapidly rising and falling in strength
is made to flow be connected with the plates

: _or armatures of a condenser, & variation in

35

the corrent’s sirength in the entire circuit or
in & portion of the same only may be pro-
duced; third; the amount or character of
such variation in the current's strength is

" dependent upon.the condenser capacity, the
.self-induction and resistance of the cirenitor

2o}
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‘its sections, and the period or time rate of

change of the current. It muy be observed,
however, that these several factors—the ca-
pacity, the self-indnction, resistanco, and pe-
riod—are all related in & manner well under-
stood by electricians; but to render su¢h con-
vergion as may be cfiected by condensers
practicnlly available and useful it is desir

able, chiofly on account of tho inereasoed ont-

put aud efficiency and rednced cost of the
apparatus, to prodoce current-impulscs sue-

_ceeding each other with very groat rapidity,

or, in other words, to render the duration of

each impulse, alternation, or oscillation of
the current extremely small’ To the many
difficulties in the way of effecting this me-
chanically, as by means of rotating switches
or interrapters, is perhaps due the failura to
realize practically, at least toany marked do-
gree, the advantages of which such a system
is capable. To obviate these diificulties, I

have in -my present invention taken ad-

vantage of the fact above referred to,and
which has been long recognized, thatif a con-

denser or & conductor possessing capacity be

charged froin & suitable source and be dis-
charged through a cirenit the discharge un-
der certain -conditions, 1depemlent on the ca-
pacity of the condenserdr conduetor, the self-
induetion and resistance of the discharging
cirenit, and the rate -of supply and decay of
the electrical energy, may be effected inter-
mittently or in the form of oscillations of ex-
tremely small period. 4 g '

Briefly stated in general terms, the plan
which I pursue in carrying out my invention
is as follows:

1 employ a generator, preferably, of very
high-tension and capable of yielding either

55
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direet or alternatingenrrents. Thisgenerator .

I conneet up with a condenser or conduetor
of some capacity and discharge’ the acevinu-
lated electrieal encrgy disruptively through
an air-gpace or otherwise into a working cir-
cuit containing translating devices and, when

required, condensers. These discharges may

be of the same direction or alternating and
intermittent, succecding each other more or
less rapidly or oscillating to and fro with ex-
treme rapidity. In the working cirenit, by
reason of the coundenser action, the current
impulses or discharges of high tension and
smzll volume ave converted into currents of
lower tension and greater volume,  The pro-
duetion and applieation of a current of such
rapid oscillations or alternations (the numbor
may be many millions per second) secures,
among others, the following oxceptional ml-
vanlages: First, the capacity of the condeus-
ers for a given output is nuch diminished;
second, the efficiency of the condensers igin-
creased aud tho tendency to become heated
reduced, and, third, the yvange of conversion

8o
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is enlarged. T have thus suceoeded in pro- -

ducing a system oi* method of conversion
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radically different from what has been done
heretofore—first, with respect to the numbaer
of impnlses, tlternatious. oroscillations of eur-
rentperunit of time, and,second, with respect
to the manrer in which the imnpulses are ob-
tained. To express this result, I define the
working'eurrent asone of an excessively small
period orof an exeessively largenumberof im-
pulses or alternations or oscillutions per unit
of time, by wliich I mean not a thousand or
eventiwenty orthirty thousand persecond, bat

-many-times that number, and one which ‘is
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made intermittent, alternating, or oscillating
of itself without the employment of mechani-
eal devices. . :

I now proceed to an explanation somewhat
more in detail of the nature of my invention,
referring to the accompanying drawings,

The two figures are diagrams, each repre-
senting & generating-circuit, a working cir-
cuit, means for prodacieg an intermittent
or oscillating discharge, and condensers ar-
ranged or combined gs contempiated by mny
invention. . T ‘

InFignrel, A represents agenerator of high
tension; B B, the conduetors which lezd out
from the same. To these conduectors are con-
nected the eonductors C of a working cireunit
contazining translating devices, such as in-
candescentlampsormotorsG. In oneor both
conductors B is a break D, the two ends be-
ing separated by an air-space or a film of jnsg-
lation, through which a disruptive discharge
takes place. Fisa eondenser, the plates of
which are connected tothe generating-cirenit.
If this cirenit possess itself snficient capacity,
.the condenser F may be dispenséd with.

In Fig. 2 the generating-cirenit B B con-
taios a condenser I and discharges through
the nir-gaps D into the working cirenit C, to
any two points of which is connected a con-
denser E. The condenser Eisused to modify
the eurrentin any partof the working cireunit,
such as L. S ‘

It may conduce to a better understanding
of the invention to considér more in detail
the conditions existing in such & system ns
is illustrated in Fig. 1. Let it be assumed,
therefore, that in the system thers shown the
rate of supply of the electrical energy, the
capacity, self-induction, and the resistance of
the circuits are so rolated that a disruptive,

-intermittent, or oscillating discharge ocecurs

at D. Assume that the first-named takes
place. 'This will evidently occar when the
rate of supply from the generator is not ade-

quate to the capacity of the generator, con-.

ductors B B, and condenser F. Each time

the condenser F is charged tosuch an extent,

that the potential oraccumulated charge over-
cowes the dielectric strength of the insulat-
ing-space at D the condenser is discharged.
It is then recbarged from the generator A, and

 this process is repeated in more or less rapid
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suceession. The discharges will follow each
other the more rapidly tlie more nearly the
rate of supply from the generator equals the

rate at which the eireuit including the gen-
erator is expable of taking up and getting rid
of the enorgy. Since the rvesistance and self-
induction of the working cirenit C and the
rapidity of the successive discharges may be
varied at will, the eurrent strength in the
working and generating circuit may bear to
one another any desired relatign.

To understand the action of the local con-
denser E iu Fig. 2, let. a single discharge be

first considered. This discharge has two

paths offered—one to the condenser E, the
other through the part L of the working @ir-
cuit C. -The part L, however, by virtue of its
self-induction, offers & strong opposition to
such a sudden discharge, while the condenser,
on the other hand, offers no such opposition,
The result is that practically no carrent
passes at first through the branch I, but pre-
sumably opposite electricities rash to the
condenser-coatings, this storing for the o-
ment electrical energyin the condenser. Time

-is gained by this means, and the condenser

then discharges through the branch ‘L, this
process beingrepeated for each discharge oc-
carring at D.
ergy stored in the condepser at each. charge
is dependent upon the capacity of the con-
denser and the potential of its plates. It is
evident, therefore, that the quicker the dis-
charges succeed each other the smailer for a
given output need be the capacity of the con-
denser and the greater is also the efficiency of
the condenser. This.is confirmed by prac-
tical results. : .
The discharges occurring at D, as stated,
may be of the same direction or may be alter-
nating, and in the former case the devices
contained in the working cireuit may be trav-

The anount of -electrical en-'
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ersed by currents of the same or alternately- .

opposite direction. It inay be observed, how-
ever, that each intermittent discharge oceur-
ring at D may consist of 2 number of oscilla-
tions in the working circuit or branch I..

" A periodically-oscillating discharge will oc-
cur at D in Fig. 1 when the quantities con-
cerned bear a certain relation expressed in
well-known formulse and ascertained by sim-
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ple experiment. . In this case it is demon- -

strated in theory and- practice that the ratio

.of the strength of the current in the working

tothatin the generating cireuits is the greater
the greater the self-induction, and the smaller
the resistance of the working circuit the
smaller the period of oscillation. )

I do not limit myself to the use of any spe-
¢cific forms of the apparatus deseribed in con-
nection with this invention nor to the Precise
arrangement of the system with respect to its
details herein shown. In the drawings re-
turn-wires areshown in the cireuit; but it will
be understood tliat in any case the ground
may be conveniently used in lieu of the re-
tarn-wire, S '

" What I elaim is— -

1. The method of electrical conversion here-

in deseribed, which consiats in charging s con-
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denser or conductor possessing capasity and
maintaining a succession of intermittent or
oscillating disruptive discharges of said con-
ductor into a working cirenit containing
translating devices. .~ ' T
* 2. In a systemn of eleetrieal conversion, the
combination of a generator or source of elec-
tricity and a line or generating cirenit con-
taining & condenser or possessing capacity,
and a working circuit operatively connected

with the generating-circuit through one or

oy

more air-gaps or breaks in the conducting
medium, the electrical conditions being s0 a.tl-
justed that an intermittent or oscillating dis-
ruptive discbarge from the generating into
the working circuit will be maintained, as set
forth. _

’ NIKOLA TESLA.

Witnesses: :
RoBT. F. GAYLORD,
PARKER W. PAGE.‘ :
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UNITED STATES

PATENT OFFICE.

NIKOLA TESLA, OF NEW YORK, N. Y.

ELECTRO-MAGNETIC MOTOR.

SEPECIFICATION forming part of Letters Patent No, 464,666, dated December 8, 1891,

Application Sled July 13, 1801,

To all whom it may concern:
. Be it known that I, NIROLA TESL4, a sub-
Ject of the Emperor of Austria, from Smiljan,
I:lk.a, border country of Aunstrin-Hungary, re-
siding at New York, in the county and State
of New York, have invented certain new and
useful Improvements in Electro - Magnetic
Motors, of which the following is a specifica-
tion, reference being had to the drawing ac-
companying and forming & part of the same.
The general object of my present invention
is to secure artificially a difference of n quar-
ter of a phase between the currents in the
two energizing-circuits of an alternating-cur-
rent electro-magnetic motor of that general
class invented by me, in which the action or
operation is dependent upon the inductive in-
fluence upon & rotating armature of inde-

pendent field mmagrets or coils exerted sue-.

cessively and not simultaniously.
It is & well-known fact that if the field o

"energizing cireuits of such a motor be both

derived from the same source of alternating
currents and a condenser of proper eapacity
be included in one of the same, approxi-
mately the desired difference of phase may
be obtained between the currents flowing di-
rectly from *he source and those flowing
through the condenser; but the great size and
expense of condensers for this purpose that
would meet the requirements of the ordinary
systems of comparatively low potential ave
practically prohibitory to their employment.

Another now well -known method or plan
of securing a difference of phase between the
energizing-currents of motors of this kind is
1o induce by the currents in one cireuit those
in the other circuit or cireuits; but no means
have heretofore been proposed that would se-
cure in this way between the phases of the
primary or inducing and the secondaryor in-
duced currents that difference—theovetically
ninety degrees—that is best adapted for prac-
tical and ecomnmical working,

Ibavede 1ameanswhich renders prac-
ticableboth ~ove-described plansormeth-
ods, and by .n Tam enabled to obtain an
economical »fficient alternating-current
motor, my i+ ..tion consisting in placing a
condenseri: »gecondary orinduced eircnit

of the moto: .bove described and raising the
potential of the secondary currents to such a

Berial No, 309,312, (No model)

degree that the capacity of the condenser,
which is in part dependent on the potential,
need Le quite small. The value of this con-
denser will be determined in a well-under-
stood manner with reference to theself-indue-
tion and other eonditions of the circuit, so as
to cause the cnrrents which pass through it
to differ from the primary enrrents by aquar-
ter-phase.

The drawing is a partly-diagrammatie illus-
tration of & motor embodying my invention.

Thaveillustrated the invention asembodied
in a motor in which the inductive relation of
the primary and secondary circuits is secured
by winding them inside the motor partly
upon the same cores; but it will be onder-
stood that the invention applies, generally, to
other forms of motor in which one of the en-

-ergizing-currents is induced in any way from

the other. :

Let A BB represent the poles of an alternat-
ing-current motor, of which C is the arma-
ture wonnd with coils D, closed upon them-
selves, as is now the general practice in mo-
tors of this kind. The poles A, which alter-
nate with poles B, are wound with coilsof or-
dinary or coarse wire E in such direetion as
to make them of alternate north and south
polarity, as indicated in the diagram by the
characters N 8. Over these eeils orin other
induetive relation to the same are wound long
fine-wire coils 17 I and in the same direction
thronghout as the ceils E. These coils arc
secondaries, in which currents of very high
potential ave induced. I prefer to comnect
all the coils E in one series and all the sec-
ondaries F in another.

On theintermediatepoles B are wound fine-
wire energizing-eoils G, which are connected
in series with one another and alse with the
series of secondary coils T, the direction of
winding being such that & current-impalse
induced from the primary,eoils E imparts the
same magnatism to the poles B as that pro-
doced in poles A by the primary impulse.
'l‘his'condition is indicated by the characters
N’ 8.

In the cirenit formed by the two sets of
coils I and @ is introduced a condenser H;
otherwise the said eireuit is closed upon itself,
while the free ends of the cireuit of eolls E
are connected to a source of alternating cur-
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rents. As the eondenser capacity which is
needed in any particalar motor of this kind
is dependent upon the rate of alternation or
the potential, or both, its size or cost, as be-

fore explained, may be brought within eco-

nomical limits for use with the ordinary cir-
cuits if the potential of the secondary cirenit
in the motor be sufficiently high. By giving
to the condenser proper values any desired
difference of phase between the primary and
secondary energizing-cirenits may be ob-
tained.

What I claim is—

1. Inan alternating-current motor provided
with two or more energizing or field cirenits,
one of which is adapted for counection with
& source of currents and the other or others

ininductiverelation therato, the combination,
with the secondary or induaced cireuit or cir-
euits, of acondenser interposed in tho same,
as set forth,

2. In‘analternating-current motor, the com-
bication of two energizing-cireuits, one con-
nected or adapted for connection with asource
of alternating eurrents, the other constitut-
ing a high-potential secondary circuit in in-

20

25

ductive relation to the first, and a condenser -

interposed in said secondary circuit, as set
forth. -

NIKOLA TESLA.
Witnesses: )

RoBT. F. GAYLORD,
ERNEST HOPKINSOXN.
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UNITED STATES

PatENT OFFICE

NIKOLA TESLA, OF NEW YORK, N. Y.

ELECTRIC GENERATOR.

SPECIFICATION forming part of Letters Patent No. 511,916, dated January 2, 1884.
Application fled Avgust 16,1883, Sorial No. 483,562, (Nomodel.)

To all wilom it may conceri:

Beit known that I, NTKOLA TESLA, a citizen
of the United States, residing at New York,in
the county and State of New York, have in-
vented certain new and useful Improvements
in Electric Generators, of which the follow-
ing is & specification, reference being had to
the drawings accompanying and forming a
part of the same. :

1n an application of even date herewith,
Serial No. 483,563, [have shown and desoribed
a form of engine invented by me, which, un-

“der the influence of an applied force such as

the elastic tension of steam or & gas under
pressure, yields an oseillation of constant
period. .

In order that my present invention may be
more readily understood I will explain the
conditions which are to be observed in order
to secure this resulf. ‘

It is a well known mechanical principle
that if a spring possessing a sensible inertia
be brought mnder tension, as by being
stretehed, and then freed, it will perform vi-
brations which are isochronous, and as to
period, in the main, dependent upon the ri-
gidity of thespring, and itsown inertia or that
of the system of which it mayform an imme-
diate part. This is known to-be true in all
cases where the force which tends to bring the
spring or movable system intoa given position
is proportionate to the displacement.

In the construction of my engine above re-
forred to I have followed and applied this
principle, that is to say, I employ & cylinder
and a piston which in any suitable manner]
maintain in reciprocation by steam or gas
under pressure. To the moving piston or to
the eylinder, in case the latter reciprocate
and the piston remain statlonary, & spring is
connected soas to be maintained in vibration
thereby, and whatever may be the inertia of
the piston or of the moving system and the
rigidity of the spring relatively to each other,
rovided, the practical limits within which
the law holds true that the forces which tend
to bring the moving system toa given position
are proportionate to the displacement, are not
exceeded, the impulses of the power impelled
piston and the natural vibrations of the spring
will always correspond in direction and coin-
cideintime. Inthecaseoftheengine referred

to,the ports are soarranged that the movement
of the piston within the eylinder in either di-
rection ceases wheu the foree tending to impel
it and the momentnm whieck it has acquired
are counterbalanced by the increasing press-
ure of the steam or compressed airin thatend
of the eylinder toward which it is moving, and
as in its movement the piston has shut off at
a given point, the pressure that impelled itand
established the pressure that tendsto returnit,
it is then impelled iu the opposite direction,
and this action is continued as long as the
requisite pressure is applied. The length of
the stroke will vary with the pressure, but
the rate or pariod of reciprocation is no-more
dependent upon the pressure applied to drive
the piston, than would be the period of oseil-
lation of a pendalum permanently maintained
in vibration, upon the foree which periodieally
impels it, the effect of variationsin snch foree
being merely to produce corresponding varia-
tions in the length of stroke or amplitude of
vibration respectively.

In practiee I have found that the best re-
sults are secured by the employment of an
air spring, that is, a body of con fined afr or
gas which is eompressed and ravefied by the
movements of the piston, and in order to se-
cure a spring of constant rizidity I prefer to
employ a separate chamber or eylinder con-
taining air at the normal atmospheric press-
ure, although it might be at any other press-
ure, and in which works a plunger connected
with or carried by the piston rod.
reason why no engine heretofore has been
eapable of producing results of this nature is
that it has been customary to connect with
the reciprocating parts a heavy fly-wheel or
some equivalent rotary system of relatively
very great inertis, or in other cases where no
rotary aystem was.employed, as in certain re-
ciproeating engines or tools, no regard has
been paid to theobtainmentof the conditions
essontial to the eud which I have in view,
nor would the pressure of such conditions in
said devices appear to resalt in any special
advantage.

Such an engine as 1 have described affords
ameans for accomplishing & result heretofore
onattained, the continued production of elec-
tric currents of constant period, by impart-
ing the movements of the piston to a core or
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-coil in a magnetic field. Itshould be stated
however, that in applying the en gine for this
Purpose certain conditions are encountered
which should be taken into consideration in

~order to satisfactorily secure the desired re-
sult. When a conductor is moved in a mag-

-netie field and a current eaused to circnlate

therein,theelectro-magneticreaction between

it and the field, might disturb the mechanical

out of isochronism. This, forinstance, might
occur when the electro-magnetic reaction is
verygreatincomparison tothepowerof tho on-
gine, and there is'a retardation of the current

8o that the electro-magnetic reaction might

have an effect similartothat which would re-
sult from a variation of the tension of the

- spring, but if the eirenit of the generator be
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80 adjusted that the phases of the electromo-

-tive force and current coineide in time, that

ig to say, when the ourrent is not retarded,
then the generator driven '
merely as & frictional resistance and will not,
as 8 rale, alter the period of the mechanical
vibration, although it may vary its amplitude.
This condition may be readily secured by
properly proportioning the self indnetion and
capacity of the cireuit inclnding the gFenera-

ter, T have, however, observed the further:

fact in connection with the use of such en-
giues as & means for running a generator,
that it is advantageous that the period of the
engine and the natural period of eleotrical
vibration of the generatorshonld be the same,
a8 in such case-the best conditions for electri.
cal resonance are established and the possi-
bility of disturbing the period of mechanical
vibrations is reGuced to & minimum. Ihave
found that even if the theoretieal conditions
necessary formaintaining a constant periodin
the engine itself are not exactly maintained,
still the engine and generator combined will
vibrate at a constant period. For example, if
instead of usingin the engine an independent
eylinder and plunger,asan air springof prae-
tically constant rigidity,
impinge upon air cushions at the ends of its
own cylinder, although the rigidity of such
.cushions orsprings might be considerably af-
fected and varied by thevariationsof pressure
within the eylinder, still by combining with
such an engine a generator which has g period
of its own approximately that of the engine,
constant vibration may be maintsined even’
through a considerable range of varying press-
ure, owing .to the controlling action of the
electro-magnetic system., I have even found
that under certain conditions the influence
of the electro-magnetic system may be made
Bo great as to entirely contro] the period of
the mechanieal vibration within wide limits
of varying pressure.  This is likely to oceur
in those instances where the power of the én-
gine while fully capable of maintaining a
vibration once atarted, is not sufficient to
change its rate, So, for the sake of illustra-
“tion, if a pendulwin is started in vibration,

oscillation to such an extent as to throw it

by the engine aects-

I cause the piston to

‘This rod is prolonged

511,916

aud a small foree applied periodically in the
properdirection to maintain it in motion, this
force wonld have no substantial control over
the period of the osecillation, unless the in-
ertia of the pendulom be small in‘comparison
te the impelling force, and this wonld be true
no watter throngh what fraction of the period
the foree may be applied.. In the case under
consideration the engine is merely an agent
for maintaining the vibration once started,
although it will be understood that*this does
ot preclude the performance of usefal work
which would simply result in a shortening of
thestroke. Myinvention, therefore, involves
the combination of & piston free to reeipro-
cate under the influence of steam or a gas

nnder pressura and the movable.element of -
.an eleciric generator which is in direct me-

chanical eonnection with the piston, and it
is more especially the objectof my invention

| to secnre from snch combination eleetric car.

rentsof a constant period. Intheattainment

‘of this object I have found it preferable to
.construot the engine so that it of {tself con-

trols the period, but as I have stated before,
I may so modify the elements of the combi-
nation that the electto-magnetio system may
exert a partial or even complete control of
the period. ) )
Inillustration of the manner in which the
invention is. earried out I now refer to the

-accompanying drawings.

Figure 1 is & central sectional view of .an
engine and generator embodying the inven-
tion. Tig. 2 is a modification of the same.

Referring to Fig. 1 A is the main eylinder
in which works & piston B, Inlet ports CC
pass through the sides of the cylinder open-
ing at themiddle portion thereof and on oppo-
sitesides. Exbanst portsD D extend through
the walls of the cylinder and are formed
with branches that open into the interior of
the cylinder on each side of the inlet ports
and on opposite sides of the eylinder. The
piston B is formed with two circumferentia]
grooves E I' which communieate through
openings G in the piston with the oylinder on
opposite sides of said piston respectively.

The particular construction of the cylinder,
the piston and the ports controlling it may
be very much varied, and iz not in itself ma.:
terial, except that in the special ease now un-
der consideration it is desirable that all the
ports, and more especially tha exhaust ports
sbould be made very much larger than is usu-
ally the case so that no force doe to the ge-
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tion of the steam or compressed afr wil] tend . .

to retard or affect the return of the piston in
either direction. The piston B is seoured to
8 piston rod H which works in suitabls stuff-
ing boxes in the heads of the cylinder A.
on one side and extends
through bearings V in a eylinder I suitably

mounted or supported in line with the first,

and within which is a disk or plunger J cat-
ried by the rod H, Ths cylinder Iis withont
poris of any kind and
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small leakage may occur through the bear-
ings V, which experience has shown need
not be fitted with any very considerable ac-
curacy. The cylinder I is surronnded by a
jacket K which leaves an open space or cham-
ber around it. The bearings V in the cylin-
der I, extend through the jacket K to the out-
side air and the chamber between the cylin-
der and jacket is made steam or air-tight as
by a suitable packing. - The main sepply pipe
1 for steam or compressed air leads into this
chamber, and the two pipes that lead to the
eylinder A run from the said chamber, oil
cups M being conveniently arranged to de-
liver oil into the said pipes for lubricating
the piston. In the particular form of engine
shown, the jacket K which contains the cylin-
der I is provided with a flange N by which it
is sorewed to the end of the cylinder A. A
small chamber O is thus formed which has air
vents P in its sides and drip pipes Q leading
out from it through which the oil which eol-
lects in it is carried off.

To explain now the operation of the engine
described, in the position of the parts shown,
or when the piston is at the middle point of
its stroke, the plunger Jis at the center of
the cylinderIand the air on both sides of the
same is at the normal pressure of the outside
atmosphere. If a sonrce of steam or com-
pressed air be then connected to the inlet
ports C C of the cylinder A and a movement
be imparted to the piston as by a sudden blow,
the latter is caused to veciprocate in a man-
ner well understood. "The movements of the
piston compress and rarefy the air in the cyl-
inder I at opposite ends of the same alter-
nately. A forward stroke eompresses the air
ahead of the plunger J which acts as aspring
to return it. Similarly onthe back strake the
air is compressed on the opposite side of the
planger J and tends to drive it forward. The
compressions of the air in the eylinder I and
the consequent loss of energy due mainly to
the imperfect elasticity of the air, give riseto
a very considerable amount of heat. This
heat I utilizeby conducting the steam or com-
pressed air to the engine cylinder through the
chamber formed by the jacket surrounding
the air-spring cylinder. Theheat thos taken
up and used to raise the temperature of the
steam or air acting upon the piston is availed
of toincrease the efficiency of the engine. In
any given engine of this kind the normal
pressure will produce a stroke of determined
length, and this will be increagsed or dimin-
ished according to the increase of pressure
above or the reduction of pressure below the
pormal.

In constructing the apparatus proper allow-
ance is made for a variation in the length of
stroke by giving to the confining cylinder 1
of the air gpring properly determined dimen-
gions. The greater the pressare upon the
piston, the higher the -degree of compression
of ibe airspring, and the consequent coun-
teracting force upon the plunger. The rate

or period of reciproeation of the pisten, how-
gver, is mainly determined as described above
by the rigidity of the air spring and the in-
ertia of the moving system, and any period
of oseillation within very wide limits may be
secured by properly portioning these factors,
as by varying the dimensions of the air cham-
ber which is equivalent to varying the rig-
idity of the spring, or by adjusting the weight
of the moving parts. These conditions are
all readily determinable, and an engine con-
structed as herein
follow the principle of operation above stated
and maintain a perfeotly umiform period
through very wide limits of pressure.

The pressure of the4it confined in the eyl-
inder when the plungei.I is in its central po-
sition will always be practically that of the
surrounding atmosphere, for while the eylin-
der is so constrncted as.not to permit such
sudden escape of air as to sensibly impair or
modify the action of the air spring there will
gtill be a slow leakage of air into or out of it
around the piston rod according to the press-
ure therein, 8o that the pressureof the airon
opposite sides of the plunger will always tend
to remain at that of tire outside atmosphere.

To the piston rod I is secured & condnctor
or coil of wire D’ which by the movements of
the piston is oscillated in the magnetic field
produced by two magnets B’ B’ which may
be permanent magnets or energized by coils
C' ¢ connected with a source of continuous
ourrents B’. The movement of the coil D
across the lines of force established by the
magnets gives rise to alternating currents in
the coil. These currents, if the period of
mechanical oscillatiochabe constant will be of
constant period, and may be ntilized for any
puarpose desired.

In the case under consideration it is as-
sumed as a necessary condition that the ju-
ortia of the movable element of the genera-
tor and the electro-magnetic reaction which
it exerts will not be of such character as to
materially disturb the action of the engine.

Fig. 2 is an example of a combination in
which the engine is not of itself capable of
determining entirely the period of oscillation,
but in which the generator contributes to this
end; In this figure the engine is the same as
in Fig. 1. The exterior air spring is however
omitied and the air spaces at the ends of the
cylinder A relied on for aocomplishing the
same purpose. As the pressure in these
spaces i8 liable to variations from variations
in the steam or gas used in impelling the pis-
ton they might affect the period of oscillation,
and the conditions are not as stable and cer-
tain as in the case of an engine constructed
as in Fig. 1. Baut if the natural period of vi-
bration of the elastie system be made to ap-
proximately accord with the average period
of the engine such tendencies to variation
are very largely overcome and the engine will
preserve its period even through & consid-
evable range of variationsof pressure. The
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generator in this case is composed of a mag-

Detic easing F’ in which a laminated core G’

Becured to the piston rod H is caused to vi-

brate. Surrounding the plunger are two ex-
5 citing coils C’ C’, and one or more induced
coils D’ D’. The coils C’ ¢’ are connected
with a generator of continnous currents B’
and are wound to produce consequent poles
in the core G’. Any movement of the latter
will therefore shift the lines of force through
coils D’ I and produce eurrents therein.

In the circuit of ecoils D’ is shown a con-
denser H'. It need only be said that by the’
use of a proper condenser the self induction
of this circuit may be neutralized. Such a
eircait will have a certain natnral period of
vibration, that is to say that when the elec-
tricity therein is disturbed in any way an
electrieal or electro-magnetic vibration of a
certain period takes place, and as this de-
pends upon the capacity and gelf induetion,
such period may be varied to approximately
accord with tke period of the engine.

" In case the pnwer of the engine be com-
25 paratively small, as when the pressure is ap-
plied through & very small fraction of the
total stroke, the electrical vibration will tend
to control the period, and it is elear that if
the character of such vibration be not very
30 widely different from the average period of
vibration of the engine under ordinary work-
ing conditions such control ms be entire-
Iy adequate to produce the desired results,
Having now described my invention, what

35 I claim is—

1. Thecombination withthe piston or equiv-
alent element of an engine which is free to
reciprooate under the action thereon of steamn
or a gas under pressure, of the moving con-

40 ductor or ele:nent of an
direct mechanical conneation therewith.

2. Thecombination with the piston orequiv-
‘alent element of an engine which is free to
reciprocate uuder the action of steam or & gas

10

13

20

electric generator in

| under pressure, of the moving conduetor or

element of an electric generator in direct me.

.chanical connection therewith, the engine and

generator being adapted by their relative ad-
justment with respect to peried to produce
ourrents of constant period, as set forth.

3. Thecombination with an engine compris-
ing a piston which is free to reciprocate un-
der the action of steam or & gas undar pross-
ure, and an electric generator having indue-
ing and induced elements one of,which is es.
pable of oscillation in the field of forge, the

45

" 5o

35

said movable element being carried by the

piston rod of the ergine, as set forth,

4. The combination with an engine oper-
ated by steam or a gas nnder pressuresnd hav-
ing & constant period of reciprocation, of an
electric generator, the moving element of
which is carried by the reciprocating part of
the engiue, the generator and its cirenit be:
ing so related to the engine with respect to
the period of electrical vibration as not to

| disturb the period of the engine, as set forth.

5. The combination with a eylinder and a
piston reciprocated by steam- or a gas under
pressure of a spring maintained in vibration
by the movement of the piston, and an elec-
tric generator, the movable condnator or ele-
ment of which is connected with the piston,
these elements being constrocted and adapt.
ed in the manner set forth for producing a
current of constant period.

6. The method of prodecing elestric onr-
rents of’ constant period herain deseribed
which consists in lnparting the oscillations
of an engine to the moving element of an slec.
trie generator and regulating the period of
mechanical oseillation Ly an adjustment of
the reaction of the electric generator, as here-

in set forth.
' " NIKOLA TESLA.
Witnesses: ’

PARKER W, PAGE,
R. F. GAYLORD,
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PATENT OFFICE,

NIKOLA TESLA, OF NEW YORK, N. Y.

COIL FOR ELEGTRO-MAGNETS.

BPECTFICATION forming part of Letters Patent No. 512,340, dated January 9, 1804 -
Application fled July 7,183, Baril Wo. $76,804, (Ko model

To all whom it may concern:

Beit known that I, NikorLa TESLA, & citizen
of the United States, residing at New York,
in the county and State of New York, havein-

yented certain newand uséfulImprovements

in Coils for Electro-Magnets and other Appa-
ratus, of which the following isa specifieation,
reference being had to the drawings accompa-
nying and forming a pact of the same.

In electric apparatus or systems in which
alternating currents are employed the self-
induétion of the coils or conductors may,and,
in fact, in many cases doesoperate disadvan-
tageously by pgiving rise to false currents
whick often reduce what is known asthe com-
mercial efficiency of the apparatus composing
the system or operate detrimentally in other
respecta. Theeffects of self-induction, above
refarred to, are known to ‘be neutralized by
proportioning to a proper degree the capacity
of the circnit with relation to the self-induc-

- ton and frequency of the corrents. ‘This has

25
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been accomplished heretofore by the use of

condensers constructed and applied as sepa-
rate instruments.

-My present invention has for its object to
avoid the employment of condensets which
are expensive, cumbersome and difficult to
naintain in perfect condition, and to so con-
struct the coils themselves as to accomplish

- the same ultimate object.
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I would hers state that by the terni coils I
desire to incinde generally helices, solenoids,
or,in faet, any conductor the different parts
of which by the requirsments of its a{:plica-
tion or use are brought into such relautions
with each other as to materially inerease the
self-indunetion.

1 have found that in every coil there exists
a certain relation between its self-induction
and eapacity that permits a current of given
frequency and potential to pass through it
with no other opposition than that of chmie
rosistance, or, in other words, as though it pos-
sessed no self-induction. This is doe to the
mutual relations existing botween the special
character of the current and the self-induc-
tion and capacity of the coil, the latter quan-
tity being just capihle of neutralizing the
self-induction for that frequency. It is well-
known that the higher the frequency or po-
tential difference of the current the smaller

the capacity required-to connteract the self-
induction; hence, in any coil, howaver small
the capacity, it may be sufficient for the pur-
pose stated if the proper conditions in other

‘respects be secured. Intheordinarycoilathe

difference of potential between 2d jacent turna

-0r Bpires is very small, 8o that while they ara

in a sense condensers, they possess but very
small capacity and the relations between the

 two quantities, self-indaction and capacity,

are not such as under any ordinary condi-
tions satisfy the requirements hersin contem-
plated, because the capacity relatively to the
sell-induaction is very small. "

In order to attain my object and o properly
increase the capacity of any given coil, I wind
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it in such way as to secure a greater differ- .

ence of potential between its adjacent tirns
or convolutions, and since the energy stored
in the coil--considering the latter as a con-
denser, is proportionate to the square of the
potential difference between its adjacent con-

volutions, it is evident that I mayin this WAY !

secure by a proper disposition of these con-
volutions a greatly increased eapacity for a
given increase in potential difference hetween
the turns. . '

I have illustrated diagrammatically in the
aceompanying drawings the general nature
of the plan which I adopt for earrying out
this invention. : :

Figura 1 ia & diagram of a coll wound in
the ordinary manuner. Fig.2is a diagram of
a winding designed to secure the objects of
iny invention. :

Let A, Fig. 1, designate any given coil the
spires or convolutions of which are wound
npen and insulated from each other, T.et it
be assumed that the terminals of this eoil
show a potential difference of one hundred
volts, and that there are one thousand con-
volutions; then considering any two contigu-
ous points on adjacent convolutions let it be
assumod that there will exist between them a
pptential difference of one-tenth of a volt. If
now, as shown in Fig. 2, a conductor B be

"wound parallel with the conduector A and in-

sulated from it,and the end of A beconnected
with the starting point of B, the aggregate
length of the two condnetors being such that
the assuined number of couvelatlons or turns
is the same, viz, one thousand, then the po-

8s
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tential difference between any two adjacent
‘polnte in A and B will be fifty volts, and as
the capacity effect is proportionate to the
square of this difference, the energy stored

s in the coil as'a whole will now be two han-
Ared and fifty thousand as great. Follow-

- {ng out this princi;i)le, I may wind any given
coil either in whole or in part, not only in
the specific manuer herein illustrated, but
10 in & great variety of ways, well-known in the
art, so as to secure between adjacent convo-

Iutions such potential difference as will give -

the proper capaecity to neutralize the self-in-
doetion for any given current that may be
15, employed. Capaocity secured in this partien-

lar way possesses an additional advantage in -

that it is evenly distributed, a cousideration
of the greatest importance in many cases, and
the results, both as to-efficiency and economy,
20 are the more readily and easily obtained as
the pize of the coils, the potential difference,
6r frequency of the currents are increased.

€oila composed of independent strands or:

eonductors wound side byside and connected
25 in seriey are not in themselves new, and I de
" not regard a more detailed description of the
same a8 necessary. But heretofors, so faras

1 &am aware, the cbjects in view bave been es-
gentially different fromn mine,and the results

-self-induetion, as set forth.

whioh I obtain even if an incident to such 30
forms of winding have not been appreciated
ortaken advantage of. : _
In carrying out my invention it is to be ob-
served that certain_facts are well under-
stood by those skilled in the art, viz: the re- 35
lations of capacity, self-induction, and the
frequency and potential differencé of the cur-
rent. W hat capaeity, therefore, in any given

-cask it is desirable to obtain and whatspeoial

winding will securs it, are readily determin- 4o
able from the other factors whish are known.

What I claim as myinvention is— . .

1. A coil for electric spparatus the adja-
ent convolutions of which form parts of the
eircuit between which there exists a polential 45
difference sufficlent to secure in the coil & ca-
pacity capable of neutralizing its self-indae-
tion, a8 hersinbefore described.

2. A coil composed of contiguous or adja-
cent insulated condunetors electrically con-
pected in series and having a pdtential dif-
ference of such valne as to give to the coilas
a whole, & capacity sufficient to neuntralize its

59
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" adapted more particularly for direct applica-
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" rect or continuous currents and which for
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"ated by such currents.

UNITED STATES
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NIKOLA TESLA, OF

NEW YORK, N. Y.

APPARATUS FOR PRODUCING ELECTRIC CURRENTS OF HIGH FREQUENCY AND POTENTIAL.

SPECIFICATION forming part of Letters Patent No. 568,176, dated September 28, 1888,

Application fled April 32, 1896.

Serial No. 688,684, (No model.)

To all whom & may concern:

Beitknownthat I, NIEOLA TESLA, & citizen
of the United States, residing at New York,
in the county and State of New York, have in-
vented certain new and usefnl Improvements.
in Apparatus for the Production of Electric
Cuarrents ¢of High Frequency and Potential,
of which the following is a specificaticn, ref-
erence being had to the drawings aceompany-
ing and forming & part of the same,

The invention. which forms the subject of
my present application is embedied in an im-
provement on an electrical apparatus in-
vented by me and described in prior Letters
Patent, notably in United States Patents No.
462,418, dated November 3, 1891, and XNo.
454,622, dated June 23,1891. ‘This apparatus
was devised for the purpose of converting
and supplying electrical enérgy in a form
suited for the production of certain novel
electrical phenomena which require currents
of higher frequency and potential than ean
readily or even possibly be developed by gen-
erators of the ordinary types or by such me-
chanical appliances as were theretofore
known. The apparatus,as a whole, involves
means for utilizing the intermittent or oscil-
lating discharge of the accumulated electrical
energy of a condenser or a circuit possess-

ing capacity in what may be designated the |

“working " eircult, or that which contains the
translating devices or those which are oper-

The object of my present improvements is
to provide a simple, eompact, and effective
apparatns for producing these effects, but

tion to and use with existing circuits carry-
ing direet enrrents, snuch as the ordinary mu-
nicipal incandescent-lighting cireuits. The
way in which I accomplish this, so as to meet
the requirements of practical and economical
operation under the conditions present, will
be understood from a general deseription of
the apparatus which T have devised. In any
given circuit, which for present purposes may
be considered sas conveying direct eurrents
or those of substantially the character of di-

general purposes of illustration may be as-
sumed to be a branch or derived circuit across

the mains from any ordinary source, I inter-

pose & device or devices in the nature of a

‘choking-coil in order to give to the circuit a

high self-induction. Ialso providea circuit-
controller of any proper character that may
‘be operated to make and break said circuit.
Around the break or point of interruption I

place a condenser or condensers to store the-

energy of the discharge-current, and in a lo-
cal cirenit and in series with such condenser
I place the primary of a transformer, the sec-
ondary of which then becomes the source of
the enrrents of high frequency. It will be
apparent from a consideration of the condi-
tions involved that were {he cendenser 10 be
directly charged by the current from the
source and then discharged into the working
cireunit a very large capacity would ordinarily
be required, but by the above arrangement
the enrrent of kigh electromotive force which
is indueed at each break of the main cirenit
furnishes the proper current for charging the
condenser, which may therefore be small and
inexpensive. Moreover, it will be observed
thet wince the self-induction of the eirenit

55
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through which the condenser discharges, as .
well as the capacity of the condenser itself, -

may be given practically any desired value,
the frequency of the discharge-current may
be adjusted at will. :

The object sought in this invention may be
realized by specifically different arrange-
menftsof apparatus,butin the drawingshereto

‘| annexed I have illustrated forms which are

typical of the best and most practicablemeans
for earrying out the invention of which I am
at present aware.

Figure 1 is a diagrammatic illustration of
the apparatus, and Fig. 2 a modification of
the same. :

Referring to Fig. 1, A designatesany source
of direct current. In any branch of the eir-
cuit from said source, such, for example, as
would be formed by the conductors A" A"
from the mains A’ and the conductors K K,
are placed self-induction or choking coils B
B and a circuit-eonfroller C. This latter
may be an ordinary metallic disk or eylinder
with teeth or separated segments D D EE, of
which one or more pairs, as It E, diametrically
opposite, are integral or in electrical contact
with the body of the ¢ylinder, so that when
the controller is in the position in which the

8o
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two brushes I' ¥ hear upon two of said seg-
ments X E the cirenit through the choking-
coils Bwill beclosed. Thesegments D D are
insulated, and while shown in the drawings
as of substantially the same length of are as
the segments E K this latter relation may be
varied at will to regulate the periods of charg-
ing and discharging,

‘I'he controller C is designed to be rotated
by any proper deviee, such, for example, as
an electromagnetic motor, as shownin Fig. 2,
receiving current either from the main source
or elsewhers. Around the controller C, orin
general in parallel therewith, is a condenser
II, and in series with the latter the primary
K of a transforiner, the secondary L of which
constitutes the source of the currentsof high
frequency which may be applied to many
useful purposes, as for electric illumination,
the operation of Crooke's tubes, or the pro-
duetion of high vacua.

I indieates the circuit from the sccondary,
which may beregarded as the working eircait.

A more convenient and simplified arrange-
ment of the apparatnsisshown in Fig. 2. In
this ease the smallmotor G; which drives the
controller, has its field-coils in derivation to
the main eireunit, and the controller Cand
condenser II are in parallel in the field-cir-
cuit between the two coils. Insuch ease the
field-coils M take the place of the choking-
eoils B. In this arrangement, and in fact
generally, it is preferable to use two con-
depsers or a condenser in fwo parts and to
arrange the primary coil of tho transformer
between them. The interruptions of the
field-cireuit of the motor should be so rapid
as to permit only o partial demagnetization
of thecores. Theselutter, howaver, shonldin
this specific arrangement be laminated.

The apparatus, as will now be seen, com-
prises, as cssential elements, choking-eoils, a
cireuit - controller, means for rotating the
same, a condenser, and a transformer.  Tlesc
elements may be mechanically associated in
any convenient and compact form, but so far
as their general arrangement and relations
are concerned I prefer the velative dispesi-
tion illustrated, mainly becanse, by reason of
their symmetrical arrangement in the cir-
cuit, the liability of injury to theinsulation of
any of the davices is redueed to o minimum.

I do not mean to imply by the terms em-
ployed in. describing my improvements that
I limit myself to the use of the precise de-
vices commonly designated by sneh terms.

‘9 568,176

Forinstance, the choking-coil as a distinetivo
device may be wholly dispensed with, pro-
vided the cireunit in which it must obtherwise
be placed have a sufficiently high self-indne-
tion produced in other ways. So, oo, the ne-
cessity of a condenser, strictly speaking, is
avoided when the circuit itself possesses suf-
ficient capacity to accomplish the desired re-
sulk.

Having now described my invention and
the manner in which the same is or may be
carried into practical effect, what I claim is—

1. The apparatus herein describerd for con-
verting direet enrrents into eurrents of high
frequency, comprising in combination a ecir-
cuit of high self-induction, a cirenit-control-
ler adapled to malke and break such eircuit,
a condenser into which the said cireuit dis-
charges when interrupted, and a transformer
through the primary of which the condenser
discharges as set forth,.

8. The combination of a source of direct
eurvent and a cireuit therefrom, choking-coils
in said circuit, means for making and breal:-
ing the circuit through said coils, a eondenser
around the point of interruption in the said
cirenit and a bransformer having its primary
in eirenit with the condenser as set forth.

3. The combination with a circuit of high
self-induction and means for making and
breakiug the same, of a condenser around the
point of interruption in the said eirveuit, and
a transformer the primary of which is in the
condenser-cirenit as described.

. 4. The combination with a cirenit of direet
cutrent and having a high self-induction, of
& cireunjt-controller for making and breaking
said circuit, a motor for driving the control-
ler, a condenser in o cireait connected with
the first around the point of interruption
therein, and a transformer the primary of
wbich is in eireuit with the condenser ns set
forth.

5. The combination with a eireuit of direct
current, a eontroller for mnaking and break-
ing the same, a motor having its field-mag-
nets in said cirenit and driving the said con-

6o
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troller, a condenser connected with the cir-

cuif around the point of interraption therein
and a transformor the primary of which is in
eireuit with the condenser as set forth,

NIKOT.A TESLA.
YWitnesses:
EpwIN B. TToPKINSON,
M. LaAwsox DYER.
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UNITED STATES

PATENT OFFICE.

NIKOLA TESLA, OF NEW YORK, N. Y.

APPARATUS FOR PRODUCING OZONE.

. iiP'ECIFIGATIdN forming part of Letters Patent N o, 568,177, dated Saptember 22, 1896. .

Applicition fled Juns 17, 1898,

To all whom it may concern: ]
Be'it known that I, NIKOLA TESLA, a citi-

York, in the ¢ounty and State of New York,
have invented eceriain new and useful Im-
provements ‘in Apparatus. for Producing
Ozone, of which-the following is & specifica-

‘tion, reference being had to the drawings ac-

companying and forming a part of the same.
The invention subject of my present appli-
cation has primarily as its objeet to provide

& simple, cheap, and effective apparatus for-

the production of ozone or such gases as are
obtained by the action of high-tension elee-
trical discharges, although in the applieation.
to such purposes of the apparatus heretofore
invented by me and designed for the produc-
tion of electri¢ currents of high frequency and
potential I have made certain improvements

in such apparsatus itself which are novel and

usefulin other and inore general applications
ofthesame. Ihaveheretofore shown and de-
scribed, notably in Patents No. 462,418, dated
November 3, 1891, and No. 454,622, dated
June 23, 1891, an apparatus devised for the
purpose of converting and supplying elec-
trical energy in a form suited forthe produc-
tion of certain novel electrical phenomena

which require currents of higher frequency
and potential than can readily or even possi-.

bly be developed by generators of the ordi-

" nary types or by such mechanical appliances
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a8 were theretofore known. This apparatus
involved means for utilizing the intermittent
or oscillating discharge of the ‘accumulated
electrical energy of a. condenser or & circuit
Poasessing capacity in what may be desig-
nated. the “‘working” circuit or that which
eontains the translating devices or means for
utilizing such currents. In my present im-
provement I have untilized appliances of this
geperal character under conditions and in
combination with certain insfirnmentalities,
hereinafier deseribed, which enable me to pro-
duee, without difficulty and at very slight ex-
pense, ozone in any desired quantities. ]

_would state the apparatns which I have de-

.
.s°

vised for this purpose is capable of other and
highly important uses of a similar nature,
bat for purposes of the present case I deem
it sufficient to describe its operation and ef-

Berlal Mo, 665,627.. (Mo model)

facts when used for the purpose of generat-
ing ozone. )
In the accompanying drawings, illustrative
of the principle of construction and mode of
operation of my improvement, Figure 115 a
diagrammatic illustration of the invention;
and Fig. 2, 2 view, partly in side elevation
and parvtly in section, of the apparatus as?T
conatruct it for practical nse. -
The deviee hereinafter described is espe-
cially designed for direct application to and
use with existing circuits carrying direet our-
rents, such as the ordinary municipal incan-
descent-lighting cireunits. o
Let A B designate the terminals from any

given circuit of this character. ' In such eir-

cuit I connect up an electromagnetic motor
C in any of the usual ways. -That is to say,

_the coils of the field and armature may be in

series or derivation:or wholly independent,
snd either or both are connected up in the
circuit, In the present instance one termi-
nal, ag B, is conneeted to one of the binding-

posts, from which the cirenit is led through.

one field-coil, D, the brushes and commutator
E, the other field-coil, F, and thence f0 a
brush G, which rests upon acircuit-controlier
H, consisting in general of a conducting disk
or eylinder with insulating-sections in its pe-

5%
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riphery, The other terminal, as-A, connects -

with a second brush K, bearing on the con-
troller, so that the current which passes

through and operates the motor is period- -

ically interrupted. For this reason the iron
cores of the motor should be laminated.
Around the controller is formed a .circuit of

85

Iow self-indnetion, whick includes a con- -

denser L and the primary M of & transformer.

"The cireuit. including the motor is of rela-

tively high self-induction, and this property
is Irnparted to it by the coils of the motor, or,
when these are not sufficient, by the addition
of suitable choking-coils, so that at each
break of the motor-circuit a current of high
electromotive force will be developed for

9°l
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charging the condenser, which may therefore

be smzall and inexpensive. The condenser
discharges through the circuit whith is com-
pleted through the brushes G K and the con-
troller H, and since the self-induction of this
cirenit, as well as the capacity of the con-
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denser itself, may be given practically any
desired value the frequency of the discharge-
carrent may be adjusted at will. ' The poten-
tial of the high-frequency discharge-current
is raised by a secondary ecil N. in inductive
relation to the cﬂrima.ry M. The conductors
of such secondary cirenit are connected to

two insulated conduneting-plates P. P, and

when the apparatus is in operation a dis-
charge in the form of streams will be main-
tained between such plates, ag indicated by
the wavylinesin the fignres. ~If air be forced
between the plates P during this discharge,
the effectiveness of the apparatusis increased
and ozone is generated in large quantities.

.In order to secure this result, I inclose the

20

25

8aid plates P P in a casing R of any proper

description, through which & current of air

is maintained by a fan 8, mounted on the

shaft of the motor. :

This apparatus may be. constructed and
combined in very compact form and small

compass. Its operation involves but a small’

expenditure of energy, while it requires prac-
tically no care or attention for the continned

" production of ozone in unlimitéd amount.

3o
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. with the cireuit around the

What I claim as my invention ig—
1. The combination with a cireuit of direct

currents,of & controller for making and break-
ingthe same, a motor included in or connected:
with said eiretit so as to increase its- gelf-in-

duction, and driving the said econtroller, a
condenser in a cireuit around the controller,
and a transformer through-the primary of
which the condenser disch , a8 set forth.

- 2. The combination with a cironit of direct
currents,of a controller for making and break-

ing the same, a series-wound motor having '

its coils included it said circuit and driving
the said controller, a éondenser conpected
point of interrap-
tion therein, and a transformer, the primary
of which is in.the discharge-cireuit of the
condenser, as set forth. T :

in combination, surfaces

‘charge-surfaces, as set forth.

‘3. Adevice for produciﬁ%eo:on_e' cpmlirising _
tween which an:

electrical dischargetakes place, a transformer

for prodncing the potential necessary forsuch

discharge, & condenser in the primary cireuit-
of the transformer, a charging-circunit, means 50
for charging the coudenser by such cireunit
and discharging it through the primary of
the transformer, and a device for maintain-

ing a current of air between -the discharge-

surfaces; as set forth. .
‘4. Adevice for producingozone comprising
in combination, surfaces between which an
electrieal discharge takes place, a transformer
for producing the potential necessary forsuch
discharge, & condenser in the primary circuit 6o.
of the transformer, a charging-eireuit, means,
for charging the condenser by such circuit
and discharging it through the primary of
the trapsformer, a motor operated by the -
charging-circuit, and a device operated there- 65
by for maintaining a current of air between -
the discharge-surfaces, as set forth.
5. Adevicefor producing ozgne comprising
in combination, surfaces between which an

electrical discharge takes place, atransformer 7o

for producing the potential necessary for such -
discharge, a condenser in the primaryeireunit’
of the transformer, & charging-cireuit, a eir-
cuit-controlier effecting the charging and dis-
charging of the vondenser, and a fan-motor 75
connected with the charging-cirenit and op-
erating the circuit-controller and adapted to
maintain & current of air between the dis-
6. A device for produging ozone comprising 8o
in combination, means for charging a oon-
denser, a circuit of low self-indaction and re-
sistance into which the condenser discharges,
a coil for raising the potential of such dis-

‘charge, and means for passing a eurrent of ‘8g

alr through the high-potential discharge, as
set forth. R .
- _ - NIKOLA TESLA.
‘Witnesses:
" DRURY W. %JOPER,
M. - Lawsow DYER.
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UnrreED-STATES PATENT OFFICE.

NIKOT.A' TESLA, OF NEW YORK, N. Y.

METHOD OF REGULATING APPARATUS FOR PRODUCING CURRENTS OF HIGH FREQUENCY.

SPECIFICATION forming part of Letters Patent No. 588,178, dated September 22, 1806,

Lpﬁlcs.hion 103 June 20, 1886, Borlal No. 586,283, (No modsl)

To all whom it may concern: .

Be it known that I, NIKOLA TESLA,;t citi-
zen of the United States, residing at New

York, in the county and State of New York, |

5 have invented certain new and useful Im-
provements in Methods of Regulating Appa-
ratus for Producing Currents of High Fre-
quency, of which the following is & specifica-
tion, reference heing had to the drawings ac-

10 companying and forming & part of the same.
Tn previons patents and applications Thave

shown and described a method of and apps- |

ratus for generating electric eurrents of high
frequency suitable for the production of va-
15 rious novel phenomena, such as illumination
by means of vacuum-tubes, the production
of ozone, Roentgen shadows, and other pnr-
poses. - The special apparatus of this éhar-
acter which I have devised for use with cir-

20 cuits carrying currenisin the nature of those

classed asg direet, or such as are generally ob-
tainable from the ordinary cireuits used in
munjcipal systems of incandescent lighting,
is basaed upon the following prineciples:

25 The energy of the direct-current supply is
periodically directed into and stored in a cir-
cuit of relatively high self-induction, and in
such form is employed to charge a condenser
or cireoit of capacity, which, in turn, is

30 cansed to discharge through a cirenit of low

self-induction containing means whereby the
intermittent eurrent of discharge is raised to
the potential necessary for producing any de-
sired effect.

35 Considering the conditions necessary for
the attainment of these results, there will
e found, a3 the essential elements of tlie
system, the supply-cireunit, from which the
periodie impulses are obtained, and what

40 may be regarded as the local circuits, com-
prising the circult of high self-induction for
charging the condenser and the cirenit of
low self-induction into which the condenser
discharges and which itself may constitute

45 the working circuit, or that containing the

" deviees for utilizing the current, or may be
inductively related to a secondary ciremit
which constitutes the working circuit proper.
These several circuits, it will be understood,

5o may be more or less interconnected; but for
purposes of illusration they may be regarded
a3 practically distinef, with a ecircuit-con-

troller for alternately connecting the con-
denser with the cirenit by whiclrit is charged
and with that into which it discharges, and 55
with a primary of a transformer in the lat-
ter cirenit having its secondary in that which
contains the devices operated by the current.
To this system or combination the inven-
tion, subject of my present application, per- 6o
tains, and has for its object to provide a
proper and economical means of regulation «
therefor. : :
It is well lknown that every electric cireuit,
provided its ohmie resistancedoes notexceed 65
certain definite limits, has a period of vibra-
tion of its own analogous tothe period of vi-
bration of aweighted spring. In order toal-
ternately charge a given cirenit of this char-
acter by periodic impulses impressed uponit 7¢

-and to discharge it 1ost effectively, the fre-
‘quency of theimpressedimpulses should bear

a definite relation to the frequency of vibra-

‘tibn possessed by the cireuit itself. More-

over, for like reasons the period or vibration 15
of the discharge-circnitshould bear & similar
relation to the impressed impulses or the
period of the charging-circuit. When the
conditions are such that the general law of
harmonie vibrations-is followed, the circuits 8o
are Baid to be in resonance or in electromag-
netic synchronism, and this condition I have
found in my aystem to be highly advanta-
geous. Hence in practice I adjust the elec-
trical constants of the cireuits 8o that in nor- 83
mal operation this condition of resonance is
approximately attained. Toaccomplish this,
the number of impulses of current directed
into the charging-circuit per unit time is
made equal to the period of the charging-cir- go
cuit itself, or, generally, to & harmonic there-
of, and the same relations are maintained
hetweenthe charging and discharge circuit.
Any departure from this condition will re-
sult in a decreaged output, and this fact I g3
take advantage of in regulating such output
by varying the frequencies of the impulses

“or vibrations in the several cirvenits.

Inasmuch as the period of any given cir-
enit depends upon the relations of its resist- 100
ance,self-induction, and eapacity, & variation
of any one or more of these may resultin a
variation in its period. There are therefore.

various ways in which the frequencies of
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vibration of theseveral cirenits in the system
referred to may be varied, but the most prac-
ticable and efiicient ways of accomplishing
the desired resultarethe following: (@) vary-
ing the rate of the impressed impnlses of cur-
rent, or those which are directed from the
source of supply into the charging-cireuit, as
by varying the speed of the commutator or
othercireunit-controller; (b) varying the self-
induetion of the eharging-eiveuit; (¢) vary-
ing the self-indnction or capacity of tha dis-
charge-cirenit.

To regulate the output of a single cirenit
which has no vibration of its own by merely
varying its period would evidently recuire,
for any extended range of regulation, a very
wide range of variation of peried; but in the
system (leseribed a very wide range of regu-
lation of the output may be obtained by a
very slight change of the frequenecy of one of
the eircuits when the above-mentioned rules
are observed.

In jHustration of my invention I have
shown Dby diagrams in the aeccompanying
drawings some of tho morepracticable means
for carrying out the same. The fignres, as
stated, are dingrammatic illustrations of the
system in its typical form provided with reg-
ulating devices of differont specific charae-
ter. These diagrams will be deseribed in de-
tail in their order.

In each of the figures, A B designate the
conductors of a supply-cirenit of continnous
current; C, a motor connected therewith in
any of the usnal ways and driving a enrrent-
controller D, which serves to alternately close
the supply-circuit throngh the motor or
through a self-induction coil E and to con-
nect such motor-cireuit with a condenser ¥,
the cirenit of which contains a primary coil
G, in proximity to which is a secondary coil
H, serving as the source of supply to the work-
ing cireuit, or thatin which are connected up
the devices I{ K for utilizing the current.

The circuit-controller, it may be stated, is
any device which will permit of a periodic
charging of the condenser F by the energy of
the supply-cirenit and its discharging into
a cireuit of low self-induetion supplying di-
rectly or indirectly the translating devices.
Inasmueh as the sonrce of supply is gencrally
of low potential, it is undesirable to charge
the condenser directly therefrom, as a con-
denser of large capacity will in such cases be
required. Itherefore employ o raotor of high
self-indnetion, or in place of orin addition to
such motor a choking or self-induction coil
E, to store up the energy of the supply-cur-
rent directed into it and to deliver it in the
form of a high-potential discharge when its
circuit is interrupted and connected to the
torminals of the condenser,

In order to secure the greatest efficiency in
asystem of this kind, it is essential, as I have

- before stated, thatthe circuits, which, mainky

as a matter of convenience, I have designated
as the “charging” and the *“discharge” cir-

cuits, should be approximately in resonance
or electromagnetic synchronism. Morcover,
in order to obtain the greatest output froma
given apparalus of this kind, it is desirable
to maintain as high a frequency as possible,

The clectrical conditions, which are now
well understood, having been adjusted tose-
cure, as far as practical considerations will
perinit, these results, I effect the regulation
of the system by adjusting its elements so as
to depart in a greater or less degreefrown the
above conditions with a eorresponding varia-
tion of output. T'or example, asin Figure 1,
I may vary the speed of the motor, and con-
sequently of the controller, in any suitable
manner, 85 by means of a rheostat L in o
shunt to sueh motor or Ly shifting the posi-
tion of the brushes on the main commutator
I of the motor or otherwise. A very slight
variation in this respect, by distmbing the
relations between the rate of impressed im-
pulses and the vibration of the cirenit of high
self-induction into which they are directed,
caunses a marked departure from the eondi-
tion of resonance and a corresponding reduc-
tion in the amount of energy deliverced by the
impressed impulses to the apparatus.

A similar result may be secured Ly modi-
fyingany of the constantsof the local cirenits,
as above indicated. For example, in Fig. 2
the choking-coil E is shown as provided with
an adjustable core N, by the movement of
which into and out of the coil the self-indue-
tion, and conseyuently the period of the cir-
enit eontaining such coil, may be varied.

As an exawple of the way in which the dis-
charge-cireunit, or that into whieh the con-
denser discharges, may be modiflied to pro-
duce the same result I have shown in Fig. 8
an adjustable self-induection coil Rin the eir-
cuit with the condenser, by the adjustment
of whiech tho period of vibration of such cir-
cuit may be changed.

The same result wonld be secured by vary-
ing the eapacity of the condenser; but if the
condenscr were of relatively large capacity
this might be an objectionable plan, and a
more practicable method is to employ a vavi-
able condenser in the secondary or working
circnit, as shown in Ilig. 4. As the potontial
in this circnil is raised to a ligh degice, a
condenser of very small eapacity may be cin-
ployed, and if the two circuits, primary and
secondary, ave very intimately and ecloscly
connected the variation of eapacity in the
secondary is similar in its effects to the vari-
ation of the eapacity of the condenser in the
primary. I have illustrated as a means well
adapted for this purpose two metallic plates
3 B, adjustable to and from each other and
constituting the two armatures of the con-
denser,

I have confired the description hercin to
a source of supply of direct current, as to
such the invention more particularly applies,
but it will be understood that if the system
be supplied by periodic impulses from any
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source which will effect the same results the
regulation of the system may be effected by
the method herein described, and this my
claims are intended to include.

What I claim is—

1. The method of regulating the energy de-
livered by a system for the produetion of high-
frequency currents and comprising a supply-
cireuit, a condenser, a cirenit through which

10 the same discharges and means for control-

ling the charging of the condenser by the sup-
ply-circuit and the discharging of the same,
the said method consisting in varying the re-
lations of the frequencies of the impulses in

15 the circnits comprising the system, as set

forth.

2. The method of regulating the energy de-
livered by a system for the production of high-
fraquency currents comprising a supply-cir-

20 cuit of direct currents, & eondenser adapted

to be charged by the supply-ciremit and to

discharge throngh another circuit, the said
method consisting in varying the frequency
of the impulses of current from the supply-
cireunit, as set forth.

3. The method of producing and regulating
electrie enrrents of high frequency which con-
aists in directing impulses from & supply-cir-
cuit into & charging-cireuit of high self-in-
dnction, charging a condenser by the accu-
mulated energy of such charging-circuit, dis-
charging the condenser through a circuit of
low self-induction, raising the potential of
the condenser discharge and varying the re-
lations of the frequencies of the elecirieal
i_mpglses in the said circnits, as herein set

orth.

NIKOLA TESLA.

Witnesses:
M. LawsoN. DYER, -
DrURY W. COOPER.
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PAaTENT  OFFICE.

NIKOLA TESLA, OF

NEW YORK, N. Y.

METHOD OF-AND APPARATUS FOR PRODUCING CURRENTS OF HIGH FREQUENCY.

SPECIFICATION forming part of Letters Patent No. 568,179, dated September 22, 18086,
. . Application filed July 6, 18986, - Barfal No, 688,130, (No model.}

To all whom it may concern; .

Beitknown that I, NIEOLA TESLA, & citizen:
of the United States, residing at New York,
in-the county and State of New York, havein-
vented certain new and useful Improvements
in Methods of and Apparatns for Producing
Currents of High Frequency, of which the fol-
lowing is a specifieation, reference being had
to the drawings accompanying and forming
a part of the same. )

The apparatns for producing electrical
currents of very high frequency in which
is embodied the invention of iy present
applieation involves. as its chief . element.
means for the periodiccharging of a condenser
or cirenit possessing capacity by the energy
of a given source and the discharge of the
same through a eircuil of low self-induction,
whereby the rapid succession of impulses
characteristic of a condenser discharge under
such circumstances is made available for
many practical and useful purposes. -

The general arrangement of circuits and
apparatus whick I prefer for ordinary appli-
cationsof this invention ] have shownand de-
seribed in an application filed by me April 22,
1806, Serial No. 588,584, as comprising a local
cireuit of high self-induction connected with
a source of supply, & condenser, a discharge-
circuit of low self-induetion, and a eireuit-
controller operating to alternately effect the
charging of the condenser by the energy
stored in the cireuit of high self-induction
and its discharge through that of low salf-
induoction. 1 have shown, however, in the
application referred to as the source of sup-
ply- & continuous-eurrent generator, or -in
general a source of direct currents, and while
the principle of operation and the general
character of the apparatus remain the same
whether the current of the source be direct
or alternating, yet the economical utilization
of thelatterinvolves¢ertainspecial prineiples
andappliances which it is my present object
to illustrate as the basis for the claims of in-
vention made herein.

‘When the potential of the sonree periodie-
ally rises and falls, whether with reversals
or not is immaterial, it is essential to eco-
nomical operation that the intervals of inter-
ruption of the charging-current should bear
a definite time relation to the period of the

‘potential therein.

in it through its appropriate cireuit.
‘apparalus, which may be considered as typi-.

eurreut, in order that the effective potential
of the impulses charging the condenser may
be as bigh-as possible. I therefore provide,

in case an alternating or equivalent electro-
otive force be ewployed as the source of

suapply, & circuit-controller which will inter-

‘rupt the charging-circuit at instants prede-

termined with reference to the variations of
The  most practicable
mean5 for accomplishing this of whieh I am
aware ig to employ a synchronous motor con-

-nected with the source of supply and operat-
ing d eirenit-controller which interrupts the

charging-ctirrent at or about the instant of
highest potential of each wave and permils
the condenser to discharge the energy stored
This

cal of the means employed for carrying out
the invention, I bave illustrated in the ae-
companying drawings.

" The figures are diagrammatie illustrations
of the system in alightly-modified forms, and
will be deseribed in detail in their order,

" Referring to Figure 1, A designates any
source of alternating or equivalent current,
from which lead off maing A’ A'. At any
point where it is desired to produce the high-
frequency currentsa branch ¢ireuit Bistaken-
off from the mains, and in order to raise the
potential of the current a transformer is em-
DPloyed, represented by the primary C and
secondary D. The cirenit of the secondary
includes the energizing-coils of a synchro-
nous motor E and a circuit-controller, which,

in the present instance, in Fig. 1 is shown as
comnposed of a metal disk I with insulated
segments I in its periphery and fixed to the
shaft of the motor. An insulating-arm @,

stationary with respect to the motor-shaft
and adjustable with reference to the polas of
the fixed magnets, carries two brushes H H,

which bear upon the periphery of the disk.

With the parts thus arranged the secondary
cireuit is completed through the coils of the
motor whenever the two brushes rest upon
the uninsulated segments of the disk and in-
terrupted through the motor at other times.

Such a motor, if properly constructed, in well-
understood ways, maintains very exact syn-
chronism with the alterations of the source,

and the arm G may therefore be adjusted to
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interrupt the current at any determined point
in its waves. Tt will be understood that by
the propor relations of insulated and con-
ducting segments and the motor-poles the
current may be interrupted twice in each
complete wave at or abont the points of high-
est potential. "The self-induction of tho eir-
cuit containing the motor and controller
ghould be high, and the motor itself will
usually be construeted in such manner that
no other self-indunection device will be needed.
The energy stoved in this cirenit is wtilized
at each break therein to charge a condenser
L. With this object the terminals of the
condenser are connected to the two Drushes
II 11 or to points of theeiveuit adjacent theve-
to, go that when the cirenit through the mo-
tor is interrapted the terminals of the motor-
cireuit will be connected with the condenser,
whereby the latter will receive the high-po-
tential induetive discharge from the motor
or secondary cireuit,

The condenser discharges into 8 civenit of
low self-induction, one terminal of which is
connected divectly to a condenser-terminal
and the other to the brush IT opposite to that
connected with the other condenser-terminal,
8o that the discharge-cireiit of the condensor
will be complotod simultaneously with the
motor-cirenit and interrupted while the mo-
tar-eirenit is broken and the condenser being
charged.

The discharge-cirenit contains a primary
M of a few turns, and this induees in a see-
ondary N impulses of high potential, which
by reason of their great frequency aro avail-
able for the operation of vacuum-tubes I,
single terminal-lamps R, and other novel and
usefal purposes.

It is obvious that the supply-current need
not be alternating, provided it be converted
or transformed into an alternating enrvent
beforo reaching the controller. Torexample,
the present improvements are applicable to
various forms of votary transformers, as is
illnstrated in Figs. 2 and 3.

E’ designates a continuous-current mator,
here represented as having four field-poles
wound with coils E” in shunt to the armatnre.
The line-wires B 13 eonnect with the brushes
b b, bearing on the nsual commutator,

On an extension of the motor-shaftis a ciy-
cuit-controller composed of a cylinder thesur-
face of which is divided into four condueting-
segments ¢ and four insalating-scgments d,
the former being diametrically eonnected in
pairs, as shown in TFig. 3.

Through the shaft ran two insulated con-
duactors e ¢ from any two comm utator-seg-
ments ninety degrees apart,and these connoct
wilh the two pairs of segmentsec, respectively.
With such mrrangement it is evident that any
two adjacent segments ¢ ¢ beecome the termi-
nals of an alternating-enrrent source, so that
if tavo brushes I1 II beapplied to the periphery
of the eylinder they will take off enrrent dur-

568,179

ing such portion of the wave as the widtl of
segment and position of tho brashes may deo-
termine. By adjusting the position of the
brusghes relatively to the cylinder, therefove,
the alternating current delivered to the seg-
ments ¢ ¢ may be interrupted at any point in
its waves,

While the brushes H IT are on the conduct-
ing-segments the current whieh they collect
stores energy in a circait of high self-indue-
tion formed Dby the wires f f, self-induetion
coils 8 8, the condnetors B B, the brushes,
and commutator. When thiscireunitis inter-
rupted bythe brushes H I passing onto the in-

-sulating-segments of the controller, the high-

potential discharge of this circuit chargos the
condensers I{ K, which then discharge throu gh
the cireunit of low self-induction containing
the primary M. The sccondary civeuit N con-
tains any devices, as P R,for utilizing the eur-
rent.

The mechanical coustruction of the cireunit-
controller may Lo greatly varied, and in other
respects the details shown and deseribed aro
merely given as typical illustrations of the
nature and parpose of the invention.

What I elaim is—

1. The method herein deseribed of produc-
ing electric currents of high frequency,which
consists in generating an alternating current,
charging a condenser thereby during doter-
minate intervals of each wave of said current,
and discharging the condenser through a eir-
cuit of low self-induetion, as herein sot fortl.

2. The combination with a souree of alter-
nating current, & condenser, a cirenit-control-
ler adapted to direct the current during de-
terminate intervals of each wave into the con-
denser for eharging the same, and a civeuit of
low self-induction into which the condenser
discharges, as set forth.

3. The combination with a source of alter-
natingcurrent,a synchronous motor operated
thereby, » cirenit-controller operated by the
motor and adapted to interrupt the cireuit
through the motor at determinate points in
each wave, a condenser connected with the
motor-cirenit and adapted on the interruption
of thesamo to receive the energy stored there-
in, and a cirenit into which the condenser dis-
chiarges, as set forth,

4. The eombination with a soturee of alter-
nating eurrent, a charging-circuit in whieh
the energy of said current is stored, a cirenit-
controller adapted to interrupt the charging-
cireuit at determinate points in each wave, i
condenser for receiving, on the nterroption
of the charging-cirenit, the encrgy necuinu--
lated therein,and a eirenit into which the con-
denser discharges when connected therewith
by the civeuit-controller, as set forth.

NIKOLA TEST.A.
Wiinesses:
M., LawsoN DYER,
Drury W, Coorker.
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UNITED STATES

PATENT OFFICE-

NHKOLA »lei.\'[.\, OF NEW YORK, N. Y.

APPARATUS FOR PRODUCING CURRENTS OF HIGH FREQUENCY..

SPECIFICATION forming part of Letters Patent No. 583,953, dated June 8, 1897.
Kpplication fled October 19,1896, Sorial No. 600,202, Nomodelr . :

Tor el viciiasin i iy t‘(l('.ll'l‘l'll.i" A S
Be it known that I, NIKoLA TESLA, aciti-
zenofthe United States;residingat New York,
in the county and Stafe of New York, have in-
vented cortain new and.useful Improvements

- in Apparatus for Producing Currents'of High

Fréqueney; of which the following is specifi-
cation, reference being had tothe drawings
accompanying and forming a part’ of "the
same. T GO R e e

The invention upoi which my present ap-
plicittion is based is an improvement in appa-

ratus for the conversion of electrical currénts
of ordinary character—such, for instance, as

are obtainable from the mains of ‘municipal’
clectrie light and power systems and either’

continuous or alternating—into currents of
very high frequeney and poténtial,- -0~

The improvement is applicable generally to®

apparatus of the kind herctofore invented by
me andanore particulayly deseribed in United
States Letters Patent granted to me ol Sep-
tember 22, IsuG, No. H63,176; but in the de-
ceription of the invention which follows the
illustration is condined to a form of apparatus
designed for converting a continuous ‘or di-
recet current into one of high frequeney. In
the several forms ol apparatus for this pur-
pose which 1 have devised and heretofore de-
<eribed I have employed a cireuit of high self-
induction conneeted. with the mains from a
suitable source of eurrent and’ containing
some form of eireuit-controller for periodies
ally interrupting it. - Around the break or
point of interruption I have arranged a con-
denser, into which the cireuitdischarges when
interrupted, and this condenser is in turn

made to discharge through a cireuit contain-

ing the primary of a transformer, and-of such
character that the condenser-discharge will
be in the form of an extremely rapid sucees-
sion of impulses. .

Now in order to secure in an apparatus of
this kind as high frequency as possible and
the advantages resulting therefrom I subdi-
vide thie condenser necessary for storing the
energy required into integral parts or provide
independent condensers, and employ means
For chiarging said condensers in multiple-and

s disetiwrging them in series theough the pri-
sy of the transformer. To scenre this res

~nli witheut anduly complieating thee appa-

ratus is a matter of-very considerable diffi-
‘culty, bat I.have accomplished it by means.
~of the apparatas which I shall now proceed 53
to deseribe by reference to thic drawings. -
Figare 1 is a side elevation of the appara- -
tus which'T employ; and Fig. 2'is a diagram
of the ¢ireunit connections.. R

- Referving to Fig:'l, X is &4 box-or case con- 6o
taining the condensers, of which the termi-
mnals are a @b b, respéctively.  Ou this case
is mounted a'small'electromagnetiec motor 13,
‘by the shaft of which is operated the cireuit-
‘brushes, as.shown at D' D" D7 D™, S
F I are self-induetion coils placed beside
‘the motor: Above thesé is the transformer,
composed; essentially; of ‘a primary G and a
‘sceondary 117 These devices arc intended to 7o
be inclosed in a suitable box or case, and may
be very greatly modified-in construction and
relativearrangement. The circuit-controller,
lipwever, shiould -conform in general prinei-
ple of coustruetion to that hercinafter de- 75
sceribed in so far as may be necessary to se-
_eure the operation pointed out.
Referring now to Fig. 2, L L designate the
mains from a suitable source of supply, be-

the-self-induction eoils I' I and the cirvcuit-
controller C. A switch d may be employed
to bring either or buth of the coils 1" I into
this circuit, as may be desired. ,

The circuit-controller is-built up-ol insu- 83
lated plates or segments, upon which the posi-
tive and negative brushes bear, and-these
plates may be considered as belongingto three.
sets or classes, first, the plates. m -for what

D D"in one row, electrically . coniected to-
gether, and the corresponding plates n for
what may similarly be considered as the neg-
ative hrushes E K’ in the other row; second,
the plates o, whichliein both rows, and henee g3
are conveniently made in single pieces ex-
tending across the controller, and, third, the
idle or spacing plates p, which are interposed
in each row between the other twosets. The

<¢t is equal to the angle of displacement be-
tween adjacent brushes of the same sign, and
obviously there may be two or more of each.
‘T'he brush D of one set is conneeted with one

controller €. Upon the sajd controller bear 65

tween which a cireuit is formed, including 8o

may be considered as the positive brushes go

angle between adjacent plates of the same 100



main through the coils F, and each one of the
brushes of the same set is connected to one

" of the terminals of the condensers M N, re-

« primary or strands of a ‘primary ..
diagram, Fig. 2, Thave shown but twobrushes |
10

s

20
: denscrs will thus e charge

30

- 40
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spectively. “Similarly the bpush Eof the other
set of .brushes is connected to: the opposite
main and each of the brushes of said set to
the opposite condenser terminals through the
In the

in each set and two’ condensers, -but, imore
than thisnumber may be used, the same. p]dll
of connectionsshown
low ed out.:

" In the posmou of the pmts shown in | Fi iz,
and two ne«r'ltne.;
hrushes are shown, the brushes are bemmv'

2, in which two posm\'

on.plates 1 m and . 7. ansequentl) the éir-
cuit through the coils. 1< It
denselb in mult:ple,-’ .md, assuming thdt"'en-

ergy has been-stoted in: _saul oils, the ¢

movenient of the contr 011(
the latter are’shifted acrossthe idle orispac-

-ing plates pponto thelong or cross-conncetled. |

plates o two results follow: The mains are

short-circuited through the coils T F, which

therefore store energy, w hile the condonsel.s
are connected in series through the primary
coil or coils G.  These. :yctious are repeated

by the further. movemens. of the controller, |

theeondensers being charged in parallel w hen
the hrushes are on pldtos maand dxsdmrrrcd

‘in series when the hfushes pass onto p]atos 0.
-The motor may be run by an independent

35

source or by current derived from the. mains,
and the apparatus_inay be employed-to sup-
ply current for any suitable deviees ST, con-
nected with the secondary coil 11,

As stated above, the specific construction
of the circuit-controller may be very greatly
varied without departure from the invention.
In the drawings the plates are assumed to be

associated in the form of a eylinder whieh !

revolves with respeet to brushes bearing on
its periphery; but it will be understood thai
this is merely a typical illustration of any
form of terminals. or contacts and conduc-
tors, whether rotary or reciprocating, which
constitute a circuit: controller capable of ef-
feum" the same result. ' '

‘and descn 1bed bem‘r fu--~

is through the con-.
i'speetively,.of doc-tucally conneéeted p]‘ne\ or

I now: iy, lhéf
Nates o br ushes ,

BEST AVAILABLE COP".

o ..l 683,958

The advantages resulting fiom the subdi-
vision of the condenser or the employment of
“a plurality of condensers are mainly that a
high frequency.is obtainable in apparatus of
anysize; that the current of discharge through
the slxdm" contacts is greatly 1'0(luced ,md
injury to, such contaels lhueb\‘ avoided and

-a great saving in \\ne in the swondmv ef

feeled . : _
~What T cl.um is—
“T.-Inan.apparatus of the kind dcscnbed

:’ﬂle combination with a set of contacts, one

of .which is adapted for connection with one
~of the mains from. a source of current, and
“each of which is eonnected to one of the ter-
“ininals of .a series of. condensers, and a sce-
ond set of contacts stmilarly connecied to the
opposite main and condenser terminals, re-

segments upon which the contactsof the first
sot- b wy - sinilarly-connected -plates upon

swhieh’ ﬂlc contacts of .the second set bear,

and. isolated- plates eomnron to the two se e
‘of ¢ontacts, the said plates being arranged in
lh,c_m«umcr desceribed, whereby the condens-
ers will. be alte nl'.m‘l\ charged in multiple
and discharged in series, as xel forth.

- In an apparatus of the kind . described,
the combm.‘m(m withasetof positive br u\hu
one of which is adapted for connection \\‘ilh

‘onc of. the mains from a source of .current,
and cachof which is connected to one of the
terminals of aseries of condensers, and nega-

tive brushes similarly connected to the oppo-
site main_ and condenser terminals, respee-
tively, of aeylinder composed of electrically-
connecte(l segments upon which the positive
brushes only bear, similarly-connected seg-
ments upon which the negative brushesonly
bear, and isolated plates upon which both
sets of brushes simultancously bear, the said
plates being arranged in the manner de-
seribed, wheréby the condensers will be alter-
nately charged in multiple and discharged in
series, as sct forth. .
R NIKOLA TESLA.
Witnesses:

M. LAwsoN. I)YF
Drrry W. Coorr l'.
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UNITED STATES

PaTENT OFFICE.

NIKOLA TESLA, OF NEW YORK, N. Y.

ELECTRICAL T‘R'ANs FORMER.

SEPECIFICATION forming part of Letters Patent No. 693 138, dated November 2, 1807.

Applieatinn ﬂlnﬂ March 20, 1897,

To all whom it may concern:

Be it known that I, NIEOLA TESLA, & citi-
zen of the United btates, residing at New
York, in the county and State of New York,
have invented certain mew and useful Im-
provements in Electrical Transformers, of
which the following is a specifieation, refer-
ence being had to the drawings accompa.ny
ing and forming a part of the same.

The present application is based upon an
apparatus which T have devised and employed
for the purpose of developing electrieal cur-
rents of high potential, which iransformers
or induction-coils construeted on the prinei-
ples heretofore followed in the manuiacture
of such instroments are wholly incapable of
producing or practically utilizing, at least
without serious liability of the destruction of
the apparatus itself and danger to persons
approaching or handling it.

The improvement involves a novel form of
transformer or induction-coil and a system
for the transmission of electrical energy by
means of the same in which the energy of the
sonrce is raised to a muoch higher potential
for transmission over the line than has ever
been pmct.lcally employed heretofore, and the
apparatug is eonstructed with reforenceto the
prodnotion of such a potential and so as to
be not only free from the danger of injury
from the destruction of insulation, but safe
to handle. To this end I construct a._n indue-
tion-goil or transformer in which the primary

in such manner that the convolutions of the
conductor of the latter will be fartherremoved
from the primary as the liability of injury
from the effects of potential increases, the
terminal or point of highest potential being
the most remote, and so that between adja-
cent convolutions there shall be the least pos-
sible difference of potential.

The type of coil in which the last-named
features are present is the flat spiral, and this
form Y generally employ, winding the primary
on the outside of Lhe secondary and taking
off the current from the latter at the center
ovinner end of thespiral. Imaydepart from
or vary this form, however, in the particulars
hereinafter speclﬁed

In constructing my improved transformers
I employ & length of secondary which is ap-

Horlal Ko, 628, 463. (Mo model) -

proxlmately one-quarter of the wave length
of the electrical disturbance in the cirenit in-
cluding the secondary coil, based on the ve-
locity of propagation of elect.ucal disturb-
ances through such cireuit, or, in general, of
such lengih that the potentml atthe terminal

‘of the secondary which is the more remote

from the primary shall be at its maximun.
In using these coils I connsect one end of the
secondary, or that in proxlmlty to the pm-
mary,toearth, and in order to more effoctually
provide nga.mst- injury to persons or fo the
apparatus I also connect it with the primary.

In the accompanying drawings, Figure lisa
diagram illustrating the plan of winding and
connection which i employ in constructing
my improved coils and the manner of using
them for the transmission of energy over long
distances. Fig. 2is aside elovation, and Fig.
3 a side elevation and part section, of modl-
fied forms of induction-coil made in accord-
ance with my invention..

Adesignates a core, which may be maﬂuettc
when so desired.

B is the secondary coil, wound upon said
core in generally spiral form..

C is the primary, which iz wound arcund
in proximity to thesecondary. One terminal

35

6o

65

7o

75

3o

of the latter will be at the center of the spiral -

eoil, and from this the current is taken to
line or for other purposes. The other termi-
nal of the secondary is connected to carth
and preferably also to the primary.

When two coils are used in a transmission
gystem in which the cnrrents are raised to a
high potential and then reconverted toalower
potential, the receiving-tranaformer will be
constructed and connected in the same man-
nerag thefirst—that is to say, theinner or cen-
ter end of what corresponds to the secondary
of the first will be connected to line and the
other end to earth and to the loeal eircuit or
that which corresponds to the primary of the
first. In such case also the line-wire should
be supported in such manner as to avoid loss
by the current jumping from line to objects
in its vieinity and in contact with earth—as,
for example, by means of long insulators,
mounted, preferably, on metal poles, so that
in case of leakage from the line it will pass
harmlessly to earth. In Fig. 1, where such
a system i3 illusfrated, a dynnmo G 1is con-
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veniently vepresented as supplying tho pri-
mary of the sending or ‘““step-up” trans-
former, and lamps 1 and motors K ave shown
as connected with the corresponding cirenit
of the receiving or ““ step-down ™ transformer.

Instead of winding the coils in the form of
a flat spiral the secondary may be wound on
o support in the shape of a frustum of a cone
aud the primary wound around its base, as
shown in Fig. 2.

In practice for apparatus designed for or-
dinary usage the coil is preferably constructed
on the plan illustrated in Fig. 8. In this fig-
ure L L are spools of insulating material upon
which the secondary is wound—in the present
case, however, in two soctions, so as to con-
stitute really two secondaries, The primary
C is a spirally-wound flat strip surrounding
both secondaries B.

The inner terminals of 1he secondaries are
led out through tubes of insulating material
M, while the other or outside terminals are
conneeted with the primary.

The length of the secondary coil B or of
oach sceondary coil when tio are used, as in
Fig. 3, is, as before stated, approximately one-
quarter of the wave length of the cleetrieal
disturbance in the seeondary cireunit, based
on the velocity of propagation of the eloe-
trical disturbance through the coil itself and
the eirguit with which it is designed to be
used--that is to say, if the rato at which o
current traverses the circuit, including the
coil, be one hundred and eighty-five thonsand
miles per second, then a frequency of nine
handred and twenty-five per second would
maintain nine hundred and twenty-five sta-
tionary waves in a cirenit one hundred and
eighty-five thousand miles long, and each
wave length would be two huodred miles in
length, Trorsuch a frequency I should usca
secondaly fifty mniles in length, so that atone
terminal the potential would be zero and at
the other maximuom,

Coilsof thecharacterherein deseribed have
several Important advantages. As the po-
tential increases with the number of tulns
the difference of potential between adjacent
turnsiseomparatively small, and henco a very
high potential, impraetieable with ordinary
coils, may be successfully maintainerd.

As the secondary is electrically connected
with the primary the Iatter will be at sub-
stantially the same potential as the adjacent
portions of the seecondary, so that there will
be no tendency for sparks to jump from onc
to the other and destroy ihe insulation.
Moreover, as both primary and secondary are
grounded and the line-terminal of the coil
carried and protected to a point remote from
the apparatus the danger of a discharge
through the body of a person handling orap-
proaching the apparatus is reduced to a mini-
mum.

I am aware that an induetion-coil in the
form of a flat spiral is not in itself new, and
this I do not claim; but

What I elaim as my invention is—

1. Atransformer fordeveloping orconvert-
ing currents of high potential, comprising a
primary and secondary coil, one terminal of
the secondary being clectrically conneccted
with the primary, and with earth when the
transformer is in use, as set forth.

2. Atransformer fordeveloping orconver-
ing enrrents of high potential, comprising a
primary and secondary wonnd in the form of
a fiat spiral, the end of the secondary adja-
cent to the primary being clectrically con-
naeted therewith and with earth when the
trausformer is in use, as set forth.

3. Atransformer for developing orconvert-
ing currents of high potential comprising a
primary and secondary wound in the form of
a spiral, the secondary being inside of, and
surrounded by, the convolutions of the pui-
mary and having its adjacent terniunl elec-
trically connected therewith and with earth
whon the transformer is in use, as set forth.

4, Inasystem for the conversion and trans-
mission of electrical energy, the combination
of two transformers, one for raising, the other
for lowering, the potential of the eurrents,
the said transformers having one terminal of
the longer or fine-wire coils conneeted to line,
and the other terminals adjacent to the
shorter eoils electrienlly conneeted therewith

- and Lo the carth, as sei forth.

NIKOLA TESLA.
Withesses:
M. Lawsox Dyzx,
G, W, MARTLING.
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UNITED- STATES

Patent Orrice.

NIKOLA TESLA; OF NEW- YORK, N.- Y.

ELECTRIGAL IGNITER FOR GAS-ENGINES.

SPECIFICATION forming part of Letters Patent No, 609,350, dated August 16, 1898,
Application flod February 17, 1897, Renowsd Tuxe 15,1808, Sezlal Ko, 683,534 (Fomodal)

' To all whom it may concern:

5
Io
15
20
.A 5

30

Beit known that I, NrRoLA TESLA, & citizen
of the United States, residing at New York,
in the county and State of New York, have in-
vented certain new and usefal Improvements

In Flectrical Igniters for Gas-Engines and :

Analogous Purposes, of which the following

-is & specifleation, réference being had to the

drawing accompanying and forming a patt of
the same. o

In certain kinds of apparatus it.is neces--
gaty for the operation of the machine itself.

or for effooting the object for which it is used
%o produce an electric spark or any other simi-
lar Jocal effect at a given instant of tiroe or
at predotermined intervals. TForexamplo,in
cerizin gas or explosive engines a flame or

spark is neccssary-for the igaition of &n ex-'

plosive mixture of airand gas nander the pis-
ton, and the most effective way of igniting
the gaseous mixtnre has been found to be the
production in the cylinder at the proper mo-
ments of an electric apark. The only prac-

ticablo device by which this has been accom--

plished heretofore is an Induction-coil com-
prising 8 primary and secondary eitouit with
& bhuzzer or rapidly-acting automatic circuit-
bregker in the primaryand a eircnit-control-
ler, anch as a awitch or commutator, located
also in the primary or battery eirenit and op-

erated by some moving portion of the appa-

ratus to temporarily closé such cirenit at the

' proper timé, and thoteby set in operation the

"33
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snfomatjo cireuit-breaker, which eauses be-
tween secondary terminals in the cylinder the
discharge which s necessary for the proper
iguition of the
of thus temporarily cloging the primary cir-
euit the automatic circuit-breaker might be
permitted to operate continuously, and the

secondary, oircnit normally broken, might be

closed at the proper iime to canso the spark
to pass al any point. In ecither case the em-
ployment of a guick-aoting circrit-breaker is

necessary, for unless the induetion-coil be of -

large size and the gource of current of con-
siderpble power a slow or gradual make and

. break of the primary of 4 simple tranaformer,

5o

such &3 wonld ordinarily be effected by a
switch or commutator, would not effect a dis-

charge of the character necessary for the.

proper ignition of the gas. -
There is, however, no form of vibrating or

losive mixture. Instead’

‘| quick-acting circuit-breaker of which T am

awara that ean be depended wpon to oporate
with cerfainty to produee. such s spark or
which will continne £o operate forany length
of time without detérioration, and hence not

55

only in the case of -engines of the kind de- -

seribed, butin other forms ofagpara‘t.us which
involve the use of a high-tension . induetion-
coil with a qunick-acting cireuit-breaker, the

the proper cperation of a compsratively in<
significan} but essential part. - :

‘The object of my invention is to provide a
more certain and satisfactory means for use

6o

o]llnemtion of the machine is contingent upor =

65 -

with and control by such machines or appa-

ratus as 1 have mentioned for® producing
sparks or discli?ﬁes of the desired character,

and to this end I employ the following ar

q0

rangement: Any guitable moving poriion of .
the apparatus is caused to mechanically con-

trol the charging of ‘a condenser and its dis- .
-charge through & circuil in indnetive relation

to a sacondary circuit leading to .thetermi-
Dals betwoeen which the discharge is to oecur,
so that at the desired intorvals the condenser

75.

may be discharged through its circuitandin- - .

duce in the other cireuit a current of high po--

tential which
discharge. o

One practical means of acoomplishing this
is to employ any proper form of switeh or
commutator operated directly.or through
suitable intermediate devices by a moving
part of the apparaiue and which is, caused
to complete an electric circnit which has been

produces the desired spark or

8o

8y’

previously broken or interrupted for an ap- -

preciable time when the occurrence of the
spark or discharge isnecessary. Thecirenit
thus .closed includes a condenser, which by
this operation of the switch is permitted to

discharga, through the primary of a trans.

former, energy which it had previonsly re-

celved daring the interruption of said éireuit .

from a battery or discharge of & self-indue-

‘tion coil In series with the battery in the

charping-cirenit, .

The .ends of the secondsry cireult of the

transformer above mentioned are connected
with the points or termnihals in-the maohine
botween which the spark is to pass, and fol-

90 -
95
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lowing the shori-circliiting of the condenser

by the closing of-the switch a strong second-
ary diseharge induced by the discharge of the

103
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condenser through the primary will ocear.
1t ig possiblo by this means not only to pro-
duce a strong discharge of high tension, as
in the form of a spark well adapted for the
ignition of gasg or other purposcs for which
aparks rre employed, but to secure such re-
sult by apparatus very muoch less complicated
-and cxponsive (Lan that heretolore smployed
for the purposo and which will be capable
"of certain and effcetive operation for an in-
definite period of time.

I have illustrated the principle of my im-
provement.and the manner in which the same
is ormay be carried out in the drawiog hereto
annexed. The invention is shown as used
for effecting the operation of the piston of &
gas-engine, the fizure boing n diagram,

A designates the cylinder of a gas-engine,

"B the piston, and ¢ the piston-rod. Other

20

75
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parts of the engine are omitted from the illos-
tration as unnccessary to an understanding
of the invention.

On the piston-rod C is & commutator or ¢ir-
cuit-controller npon which bear the terminals
a b of an eloctric circnit D. This commuts-
tor comprises a continnous ring ¢ and a split
ring 2 side by slde, so that when the tormi-
nals are on the Iatter the ecircuit is inter-
ropted, but when on the former it ia closed.
The to-and-fro movement of the piston, there-

‘fore, operates to alternately make and break
the circuit, the position of the eommutator

. being suoh that the make occurs at the mo-

35
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ment desired for the ignition of the explosive
charge under the piston.

In the circuit D is a battery or other sonrce.

‘of eurrent E and the primary F of a traos-
former, Across the two condunetors of the
circuit, between the battery and the primary
¥, is a condenser G, which is charged by the
battery when cirenit D is interrupted at the
commautator and which discharges throngh
the primary when sach elrcuit is closed.

- In order that the condenser may receivo a
charge of high tension, a gelf-indnetion coil
H is introduced in the circuit betwaen itsell
and tho battery, which coil stores up the en-
ergy of the battery when the circult D is
closod at the commutator and discharges it
into the condenser when the eireunitis broken.

The primary F is combined with a second-
ary K, the eonductors from which lead, re-
apectively, to an insulated terminal I within
the cylinder A and to any othor condusting-
bady in the vicinity of snch point as to the
cylinder itself. In consequence of this ar-
rangement, when the piston reaches the

"proper point the cireuit D is closed, the en-
orgy of the condenser is discharged through
the primary with a sudden rush, and a strong
and effootive spark or flash is produeed be-
tween the point Land the cylinder or piston
which ignites the eharge of explosive gas,

It will be understood from tho preceding
deseription that I do not limit mygelf to the
gpecific construction or arrangement of the
devicos employed in ecarrying out my im-

606,250

provement and that theso ma.y be varied

within wide limits..

What I elaim is—

1. Iun an apparatus whiell depends for its
operation or effect npon the prodnction of n
sudden electric discharge at & given instant,

or al predetermined intervals of fime, the

combination with a moving pret of 3aid ap-
paratus of a switch or commutator, & con-
denser, & charging - cireuit for the same, a
primary cirettit throngh whieh the condenser
discharges, and a secondary cirenit in in-
ductive relation to the said primary oircuit
and connected with the terminals at the point
in the apparatos where the discharge is re-
quired, the awitch or commutator being op-
erated by the said moving part to effect the
discharge of the condenser at the proper in-
tervals, as sct forth. .

2. In an spparatus which depends for its
operation or effect upon the prodaction of a
sudden electric discharge at & given instant,
or at predetermined intervals of iime, the
combination with & moving fart of said ap-
paratus of a eirenit and & circoit-controller
adapted to close said cireuit at the time when
the gccurrence of said discharge is desired, a
source of corrent in said circuit, a condenser
adapted to be charged by said source while
the circuit is interrupted, and a transformer
through the primary of which the condenser
discharges when the circaoit ia closed, the sac-
ondary of the transforiner boing conneoted
with the terminals at the point in the appa-
ra.:?]f where the discharge is required, as act
forth.

8. In an apparatos which depends for its
operation or effoet upon the production of an
eleotrio diseharge, st a given instant, or at
predetermined intervals of time, the combi-
nation with a woving part of said apparatus
of a circoit and a cirenit-contralior adapted to
closa said eirenit at the time when the ocenr-
rence of the spark is desired, a soureo of
current i{n sald eircuit, s self-induction eoii
which stores the energy of the sonres while
the cirenit is elosed, a condensor into which
said eof! discharges when the eirenitis broken,
and & transformer through the primary of
which 1ihe condenser discharges, the second-
ary of said transformer baing connected with
separated terminals at the point whero tho
dischargoe is required. :

4. In & gas or explosive engine of the kind
described, the combination with a moving
pariof gald enrineof & ¢irenit-closer or awiteh
controtling the charging and discharging of
a condenser, separated terminalsin the eylin-
der or explosive-chamber, and & transformer
through the primary of which the condenser
discharges, the secondary Leing conmected
with the terminalg in the cylinder,asset torih.

NIKOLA TESLA.

Witnessos:
M. Lawson DyEn,
Epwin 13, IIOPRINSON,

70

75

30

85

Qo

95

| Kals]

103

110

115

I20

125



Ne. 609,250.

(Mo Modal)

S Patented Aug. (6, 1898,
N. TESLA. | S

- ELEGTRICAL IGNITER FOR GAS ENGIKES,

(Appiiontion dled Tak. 17, 1607, Dwmrwed Juns 18, 2008} -

PR AR AL LR AN

| ﬁf}a(@fér&q. Leowrdor



- following is a specification, reference bein
had to the drawings accompanying and form-

g " | ticularly in-view of ‘the fact that electrical
_energy is ‘generally supplied at a very slow:

1 L]

UNITED STATES

. NIKOLA TESLA, OF NEW YORK, N.Y.

APPARATUS FOR THE UTILIZATION OF RADIANT ENERGY.

SPECIFICATION forming part of Letters Patent No, 686,057, dated Novembet 5, 1001,

Apjliostion £1ed Maroh.71,1001, Bedal No. 52,169, (Ho model)

To all whorv i Mmay conoern:

- Beit known that 1, NIRGLA TESLA, & citizen .
- of the United States, residing at the borgugh.
of Manhstian, in the city, county, and State

of New York, have invented certain newand
useful Improvements in Apparatus for the
Ttilization of Radiant Energy,-of which the

ing a part'of the same.. .. .- .
It is well known that certain radiations—

such as those of ultra-violét light, cathodic,

_Roentgen rays, or the like—possess the prop-

15

20

erty of charging and discharging conductors.
of eleetricity, the discharge being particn-
larly noticeable when the conduétor upon
which the rays Impinge is negatively electri-

fied. These radiations are -generally con-.
sidered to be ether vibrations of extremely

small wavelengths, and in explanation of the

phenomensa noted it has-been assumed. by
some authorities that they ionize or render !

" . conducting the atmosphere through which

25
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35
~covery which I have made that when rays or.

~fall upon an insnlated conducting-body con-

40

. away electricity a current flowsinto the con-

45

-or-otherwise. .

they are propagated. My own experiments
and observations, however, lead me to con-
clusions more in Accord with the theory here-

tofore advanced by me that sonrces of such-

radiant energy throw off with great velocity:

minute particles of matter which are strongly

electrified, and therefore capable of charging
an electrical conduetor, or, even if not so,
may at anyrate discharge an electrified con-
ductor sither by

My present application is baﬁed-;npon adis-.
radiations of the sbove kind are perinitted to

nected to oneof the terminals of a condenser

while the other terminal of the same is made-

by independent. means to receive or to carry

denser so long as the insulated body is ex-

Eosed to ths rays, and ‘under the conditions.
iereinafter -apecified an indefinite accumu-

lation 'of electrieal.energy in the condenser

.. takes place. This energy after a suitable

time interval, daring which the rays are al-
lowed to act, may manifest itself in & pow-
" 5o erfoldischarge, which may be-utilized for the

carryingoff bodilyits charge.
T R 7 tionate, to the area exposed, or-mearly so.

[ operation or control of mechanical-or elec-

‘trical ‘devices or rendered: nsefal .in many
‘other ways. o B

- In applying my discovery 1 provide a con-
denser, preferably of considerable electro-
statie capaoity, and connect.one of its termi-

‘rate -to the condenser, to construct the same
‘with the greatest care. I use, by preference,
the best gnality of mica as dielectrie, taking

‘every possible precaution in insulating the

55

nals to an insulated metal plate or other con- .
‘dueting-body exposed to:the rays or streams
‘of Tadiant matter, . It is very important, par-.

6o
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‘armatures, o that the instrument may with-

stand great electrical pressures withont leak-
-ing and .may leave no perceptible slectrifi-
‘cation when discharging instantaneously. In
practice I have found thab the best results
are obtained with condensers treated in the
wmanner described in & patent granted to me

“above precautions should be the more rigor-

ously observed the slower the rate of charg--

‘February 23,1897, No. 577,671, Obviounslythe -

15

ing and the smaller the time interval during

‘the condenser. The insulated plate or con-
‘dueting-body should present a8 large & sar-
face as practicable to the rays-or streams of
matter, ] having ascertained that the amount
.of .energy conveyed to it per unit of- time. is
‘under otherwise identical conditions propot-

Furthermore, the surface should be clean and

denser may be connected to one of the poles

preferably highly polished or amalgnmated.-
The second terminal or armature of the con- -

which the energy is allowed to accumnulate in -

8o

85

of abattery or other soutee of electricily.or . .

‘to any conducting body or object whatever of

go

such properties or so conditioned that by its -

supplied to the terminal. A simple way of
the terminal is to connect the same either to
‘an insnlated conductor supported  at some
‘height in the atmosphere or toagrou nded con-

ity. Astheraysor supposed strea ms of mat-

méans electricity of the required sign will be-

‘supplying positive or negative.electricity to . -

95

ductor, the former, as is well known, furnish-
ing positive and the latter negalive eleetric- - -
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ter generally convey a positive charge to the

first condenser:-terminal, which is connected
to the plate or conductor above mentioned, I
usually connect the second terminal of the

condenser to the ground, this Leing the most
convenient way of obtaining negative elee-

tricity, dispensing with the necessity of pro-
viding an artificial source. In order to util-
ize for any usefu] purpose
malated in the condenser, I f urthermore con-
nect to the terminals of the samea cirenit in-

cluding an instrument or apparatus which it

is desired 1o operate and another instrument
or device for alternately closing and opening
the circuit. This latter may be any form of
cireuit-controller, with fixed or movable parts
ot electrodes, which may be actuated either

Ly thestored energyorbyindependent nieans,,

My discovery will be more fully understood
from the following deseription and annexed
fIrawings, to which referenceisnow mad e, and
in which— _ T

Fignre 1is a dlagram showing the general
nrrangement of apparatus as osnally em-
ployed. Fig. 2 isasimilar diagram illustrat-
ing more in detail typical forms of the dovices

-or elements used in practice, and TMigs, 8 and

4are diagrammatieal representalionsof modi-
fied arrangements suitable for special pur-
poses, - '

As illustrative of the manner in which the
several parts or elements of the apparatusin
one of its simplest forms are to be arranged
and connected for nsofn! operation, reference
ismade to Fig. 1, in which C is the condenser,
P the insulated plate or conducting - body
which is exposed to the rays, and P’ another
plate or conductor which is grounded, all be-
ing joined inseries, asshown. The terminals
T T of the condenser are also connected to a
cirenit which includes a devica R to be oper-
ated and a circuit-controlling device d of the
character above referred to.

The apparatus being arranged as shown, it
will be found that when the radiations of the
sun or of any other source capable of pro-

dueing the effects before deseribed fall upon -

the plate P an accumulation of electrical
energy in the condenser C will resalt. This
phenomenon, I believe, is best explained as
follows: The sun, as well as other sources of

radiant energy, throws off minute particles of

matter positively electriﬁed,which,impinging-
upon the plate P, communicate continuonsly
an electrical charge to the same. The op-
posite terminal of the condenser being con-
nected to the ground, which may be consid-
ered as a vast reservoirof negative electricity,
& feeble corrent flows continuously into the
and inasmuch as theso supposed
Particles are of an inconceivali ¥y small radius
or curvature, and consequently charged to a

. relatively very high potential, thischarging of

65

the condenser may continue, as I have ac-
tually observed, almost indefinitely, even to
the poiat of rupturing the dielectric. If the

‘ate the latter.

the energy acen-

685,057

deviceo d be of such character that it will op-
erato to close the cirenit in‘which it isin-

cluded when the poténtial in the condenser

hasreached a certain magnitude, the acenmn-

lated charge will pass through the cirenit,

which also includes the receiverR, and oper-

In illustration of a .p.#l'l,iﬂl_llﬂ,l' form of ap-

‘paratus which may be nsed in carrying out

my discovery I now rofer -to Fig, 2. In this
figure, which in the general arrangement of

the elements is identieal to Fig, 1, the device

d is shown as ecomposed of two very thin eon-
ducting-plates 7 #, placed in'close proximity
and véry mobils, either by reason of extreine

‘flexibility or owing to the character of their

support. Toimprovetheir action,theyshould

-be inclosed in a-receptacle, from which the
‘air may be exhausted. The plates £ # are

connected in series with a working eireult,

Jinelnding a suitable recéiver, which in this

case i3 shown as consisting of an electromag-
net M, a movable armature @, a retractile
spring b, and a ratchet-wheel w, provided

‘with a rpring-pawl », which is pivoted to ar-
‘matnve ¢, as illustrated. When the radia-
‘tions of the sun or other radiant source fall .
‘upon’plate P, a current flows into the eon-

denser, as above explained, until the poten-
tial therein rises sufficiently to attract and
bring into coutact the two plates ¢, and

condenser-terminals. This permits a flow of
current which energizes the magnet M, caus-
ing it to draw down the armature @ and im-
part a partial rotation to the ratchet-wheel
w. As the carrent ceases the armature is

retracted by the apring b, without, however,

moving the wheel w. With the stoppage of
the currentthe plates ¢ ¢ cease tobeattracted
and separate, thus restoring the cireuis to its
original condition. :

Fig. 3 shows a modified form of apparatus
used in connection with an artificial source
of radiant energy, which in this instance may
bean arcemitting copiously ultra-violet rays.
A suitable reflector may be provided for con-
centrating and directing the radiations. A
magnet R and circuit-controller d are ar-
ranged as in-the previous figures; butin the
present case the former instoad of performing
itself the whole work only serves the purpose
of alternately opening and closing a local
cireuis, containing a source of enrrent B and
a receiving or translating device D. The
controller d, if desired; may consist of two
fixed electrodes separated by a minnte air-
gap or weak dielectrie film, which' breaks
down more or less suddenly wlhen & definfte

difference of potential is reached at the ter..

minals of the condenser aud returns to its
original state upon the passage of the dis-
charge,

Still another modification is shown in Fig.
4, in which the source $ of radiant energy is
a spocial form of Roentgen tube devisad by

7e
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‘thereby close the cireuit connected to the two -
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. electromotive orce; but whatever apparatus
- hausted to

10

5

20
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35

_ terminal ¢, the stored energy is discharged
- through the primary p, this giving rise in the {-
',ergy,'comp‘riaingin gombinatio.n,'acondenser,
one terminal of which ig subjected to the ac--

40

* 8upplying positive instead of negative eloc.

- trieity to plate P, The scurce 8-maybe any

45

50

"558

, ner,aa,bype:iodiqaliyihterruptiﬁgorrythmic-‘
ally varying the current .gaxciting‘the source,

6o

65

‘nay be excited by altaching

.dischiarge circuit connected

-controller ‘¢o

‘of & wheel, with conducting and ingulating’

‘numberof turps, to the onds of which is con-
nected a recelver R, ‘The_terminals of ‘the
.condenser being connected, i '

‘secondary s to induced currents, which oper--

. ing the rays E
~daring thoge Periods when the‘y are product-.

685,057

Ut one terminal k, generally of
aliuminium, in the form of bhalf a sphers, with
% plain polished: sarface on the front. side,

rom which' the Streams ‘are-thrown of. It
; it'to one of the'
sufficiently high

me, having

terminals of.anf‘y genorator of
be used it iy important that the tube be ex-
a high degree, as otherwise it might
prove entirely ineffective, . The working or
ischar, to the terminalg.
T T! of tho condenser ineludes in this case
the primary Dof a transformer and 5 eirenit-

.ene armsature of

mprising ‘a -fixed terminal’ or

movable terminal {*in the sh ape

brush { and a

segments, which may be rotated af an arbi:
trary speed- by any guitable medns. - In-in-,

ductive relation to the primary wire. or goi] T
isa Becondary s, usnally of & mueh greator

Tays or stresms of matter are emitted from
the same, which eonvey g positive charga to
the piate P and-cqndenserflerminal.T,; ‘while
terminal T ig continuously receiving nega-
tive eleotricity from the plate P/,
-bafo_re'explained, results in an accumilation
of electrical energy in the condenser, which
goes on a3 long as the cirenit including the
primary pis interrupted. er
cuit is closed owing to the rotation of the

ate the receiver R.. o . : _
It is elesr from what has been atated above
that if the termina]l T is connected to & plate

tricity the Tays should convey negative elee--

symmetrical alternating currents are em-
ployed, proyision shodld be made Tor allow-
to fall upon the Plate P only

radiations of the source

} be st(:ipped or inter-
cepted or their

lntensity varied in any man--

{ e set in operation when a
Predetermined amount of energy is stored in-

‘for ch 1 'mat 7
cuit conneoted with the condenser-terminals, '
‘a cirewit-controller therein

in the condenser,

‘the condenser when
| 88 set forth. -+~

-18 closed, s set forth,

thocondens’ermay oused in lien of thedevice |

9

i;speciﬁcall}td'eécr‘_ib'ed with reference to Fig.2
-andalsothabthesp‘ecialdemilsofconstruction .
‘and arrangement of the several parts of the

‘apparatas ‘may he very greatly varied with..

out departure from the invention.

70

 Having deseribed my inveation, what T

“elaim ig—-. 7 . oL

‘1. An apparatus for atilizing radiant en-
‘ergy, comprising in combingtion a condenser,
' which is subjected to the ac- o

tion of rays or radiations, independent means
for charging th_e'othi‘ararmatura,-a,circult and
Apparatus therein adapted to be operited or
controlled by i

as set forth. - o A
- 2. An apparatus for utilizing radiant en-

the discharge of the condénser,

75

80

ergy, comprisingin combination, acondenser, -

-

One armature of whioch

| tion.of rays or radiations, independent means

for eharging the other armatnre, a local oip.
ouit eounécted with the

Acircait-controller therefn and meansadapted

aonde_nsar-tarmiuals, ‘

18 subjeoted to the ap-

85

to be operated or controlled hy the discharge

. | of the condenser when the local cirenit 'ig

closed, s set forth,, L o :
3. An apparatus for utilizing radianot an-

ergy, comprising in combination, a condenser,-
‘one terminal of which is gubjected to the ae-

tion of

dependent for op-

990

93

eration on a given rise of potentialin the con- _

demnser, and devices operated by the discharge
of -the " condenser when the local’
closed, as set forth, '

4. An apparatus for utilizing radiant on-

tion of. rays or, radis
which is connected i
and apparatus therein adapted to be operated
by the discharge of the accumulited snargy
as set forth, = -

8. An apparatus for utilizing radiant en-
ergy, comprisingin\eomhihation‘,‘a‘ condenser,
one terminal of which is sutbjected to the ac-

t | tion of rays or radiations and the other of
" which is connected with the ground, a local

oircuit connected with the' condenser-termi.

.hals, 8 circuit-controlle‘r.‘th‘erain and means
adapted to be operated by the ‘discharge of
the local circnit is closed, .

6. An apparatus for utilizing radiant en-

ergy, comprising in combination,s condenser,

100

cireuit ig -

ros

ations, and the.other of -
with the ground, a cireuit .

110

115

120

one terminal of which'is__subjeetedto_ the ag.

tion of rays or radiations -and - the other of
| ‘which is

connected with the ground, s Jocal
circuit connected with the condenser-termi-
nals, a eircuit-controller therein adapted to
beoperated by a given rise of potentia in the

condenser, and devices operated by the dis-

charge of the condenser when the local cirenit

7. Au apparatus for. utilizing radiant _;an-

123

130
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ergy, comprising & condenser, having one ter-
minal eonnected to earth and the other to an
elovated conducting-plate, which is adapted
to receive the rays from & distant source of
5 radiantenergy, s ocal cireuit connected with
the econdenser-lerminals, & receiver therein,
and a cireuit - controller therefor which is

685,957

adapted to be operated by a given rise of po-
tential in the condenser, as set forth.

NIEOLA TESLA.
Witnesses:

M. LawsoN DYER,
RIcHARD DOROVAN.
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UNITED STATES

PATENT OFFICE.

NIKOLA TESLA, OF NEW YORK, N. Y.

MET.'HOD OF UTILIZING RADIANT ENERGY.

SPECIFICATION forming part of Letters ‘Patent No, 685,058, dated November 5, 1601,
Aprplication filed Maroh 21,1901, Setiz! Fo. 62,154, (No model) }

To all whom it may coneern:

Beit knownthatl, NixoLA TESL4, a citizen
of the United States, residing at the borough
of Manhattan, in the city, county, and State
of New York, have invented certain new and
useful Improvements in Methods of Utilizing
Radiant Energy, of which the following is a
specification, reference being had tothe draw-
ings accompanying and forming a part of the
same.

It is well known that certain radiations—
such as those of ultra-violet light, eathodie,
Roentgen rays, or the like-~possess the prop-
erty of charging and discharging conduectors
of electricity, the discharge being particu-
larly noticeable when the conductor upon
which the rays impinge is negatively electri-
fied. These radiations are generally consid-
ered to be ether vibrations of extremely small
wave lengths, and in explanation of the phe-
nomena noted it has been assumed by some
aunthorities that they ionize or render con.
ducting the atmosphere through which they
are propagated. My own experiments and
observations, however, lead me to conclu-
sions more in accord with the theory hereto-
fore advanced by me that sources of such
radiant energy throw off with great velocity

- minute particles of matter which are strongly

30

35
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electrified, and therefore capable of charging
an electrical conductor, or even if not so may
at any rate discharge an electrified conduc-
tor either by carrying off bodily its charge or
otherwise, :

My present application is based upon a dis-
covery which I have made that when rays or
radiations of the above kind are permitted
to fall upon an insulated conducting body
connected to one of the terminals of a con-
denser, while the other terminal of the same
is made by independent means to receive or
to carry away electricity, a current flows into
the condenser so long as the insulated body
is'exposed to the rays, and under the condi-
tions hereinafter specified an indefinite ac-
cumulation of electrical energy in the con-
denser takes place. This energy after a suit-
able timeinterval, during which the rays are
allowed to act, may manifest itself in a pow-
erful discharge, which may be utilized for
the operation or control of mechanical or elec-

trical devices or rendered useful in many
other ways. . ‘

In applying my discovery I provide a con-
denser, preferably of considerable electro-
static capacity, and connect oné of its ter-

55

minals to an insulated metal plate or other

conducting body exposed to the rays or
streams of radiant matter, Itis very impor-
tant,particnlarly in view of the fact thatelec-
trical energy is generally supplied at a very
slow rate to the condeuser, to construct the
same with the greatest care. I use by prefer-
ence the best quality of micaas dielectric, tak-
ing every possible precantion in insulating
the armatures, so that the instrument may
withstand great electrical pressures withont
leaking and may leave no perceptible electri-
fication when discharging instantaneounsly.
In practice I have found that the best resalts
are obtained with condensers treated in the
manner described in
February 23,1897, No. 577,671. Obviously the
above precautions should be the more rigor-
ously observed the slower the rate of charg-
ing and the smaller the time interval during
which the energy is allowed to accumulate in
the condenser. The insulated plate or con-
ducting body shounld present as large a sur-
face as practicable to the rays or streawms of
matter, I having ascertained thatthe amount
of energy conveyed to it per unit of time is
under otherwise identical conditions propor-
tionate to the area exposed,or nearlyso. Fur-
thermore, the surface should be clean and
preferably highly polished or amalgamated.
The second terminal or armature of the con..
denser may be connected to one of the poles
of a battery or other source of electricity or
toany conducting body or object whatever of
such properties or so conditioned that by its
means electricity of the required sign will be
supplied to the terminal. A simple- way of
supplying positive or negative eleatricity to
the terminal is to connect the same either to
an insulated conductor, supported at some
height in the atmosphere, or to a grounded
conductor, the former, as is well known, fur-
nishing positive and the latter negative elec-
tricity. As the rays or supposed streams of
matter generally convey a positive charge to
the first condensér-terminal, which is connéat-

a patent granted to me
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-cireuit.
cuit-controller, with fixed or movable parts

2

ed to the plate or condnctor above mentioned,
I usually connect the second terminal of the
condenser to the ground, this being the most
convenient way of obtaining negative electric-
ity, dispensing with the necessity of provid-
ing an artificial source. In order to utilize
for any useful purpose the energy accumu-
lated in the condenser, I furthérmore connect
to the terminals of the same a circuit includ-
ing an instrument or apparatus which it isde-
sired to operate and another instrament or
device for alternately closing and opening the
This latter may be any form of ¢ir-

or electrodes, which may be actnated either
by thestored energy or by independent means.

The rays or radiations which are to be util-
ized for the operation of the apparatus above
described in general terms may be derived
from a natural source, as the sun, or may be
artificially produced by such means, for ex-
ample, as an arc-lamp, a Roentgen tube, and
the like, and they may be employed for &
great variety of useful purposes.

My discovery will be more fully nnderstood
from the following detailed description and
annexed drawings, to which reference is now
inade,.and in which—

Figure 1 is adiagram showing typical forms
of the devices or elements as arranged and
connected in applying the method for the op-
eration of a mechanical contrivance or instru-

ment solely by the energy stored; and Fig. 2.

is a diagrammatical representation of a modi-
fied arrangement suitable for special pur-
poses, with a circuit-controller actuated by
independent means.

Referring to Fig. 1, C'is the condenser, P
theinsnlated plate or conducting body,which
is exposed to the rays, and P’ another plate or
conductor, all being joined inseries,asshown.
The. terminals T 1" of the condenser are also
connected to a circuit including a receiver R,
which is to be operated, and a circunit-control-
ling device d, which in this case is composed
of two very thin conduncting-platest ¢, placed
in close proximity and very mobile, either by
reason of extreme flexibility or owing to the
charater of their support. To improve their
action, they should be inclosed in a receptacle
from which the air may be exhausted. The
receiver R is shown as consisting of an elec-
tromagnet. M, a movable armature a, a re-
tractile spring b, and a ratchet-wheel w, pro-
vided with a spring-pawl r, which is pivoted
to armature a,as illastrated. The apparatus
being arranged as shown, it will be found that
when the radiations of the sun or of any other
source capable of producing.the effects before
described fall upon the plate P an accumula-
tion of electrical energy in. the condenser C
will result. This phenomenon, I believe, is
best explained as follows: Thesun as well as
other sources of radiant energy throw off mi-
nute particles of matter positively electrified,
which, impinging upon the plate P, commu-
nicate an electrical charge to the same. The

685,958

opposite terminal of the condenser being con-
nected to the ground, which may be consid-
ered as a vastreservoir of negative electricity,
a feeble current flows continuously into the
condenser, and inasmuch as these supposed
particles are of an inconceivably small radius
or curvature, and consequently charged to a
relatively very high potential, this charging
of the condenser may econtinue, as I have
found in practice, almost indefinitely, even to
the point of rupturing the dieleetrie. - Obvi-
ously whatever circuit - controller be em-
ployed it should operate to close the cireuit
in which it is included when the potential in
the condenser has reached the desired magni-
tnde. Thusin Fig. 2 when the electrical pres-
sure at the terminals T T’ rizes to a certain
predetermined value the plates t 1, attract-

ing each other, close the circuit connected to

the terminals. This permitsa flow of current
which energizes the magnet M, causing it Lo
draw down the armature a¢-and impart a-par-
tial rotation to the ratchet-wheel w. As the
current ceases the armature is retracted by
the spring b without, however, moving the
wheel 2. With the stoppage of the eurrent
the plates ¢ ¢ cease to be attracted and sepa-
rate, thus restoring the circnit to its original
condition. :

Many useful applications of this method of
utilizing the radiations emanating from the
sun or other source and many ways of carry-
ing out the same will at once suggest them-
selves from the above description. By way
of illustration a modified arrangement is
shown in Fig. 2, in which the sourceS of ra-
diant energy is a special form of Roentgen
tube devised by me having but one terminal
k, generally of aluminium, in the form of
half a sphere with a plain polished surface
on the front side, from which the streams are
thrown off. It may be excited by attaching
it to one of the terminals of any generator of
sufficiently-high electromotive force; but
whatever apparatus be nsed it is important
that the tube be exhausted to a high degree,
as otherwise it might prove entirely ineffect-
ive. The working or discharge. cireuit con-
nected to the terminals T T of the condenser
includes in this case the primary p of a trans-
former and a circuit-controller comprising a
fixed terminal or brush ¢ and a movable ter-
minal ¢ in theshape of a wheel with conduct-
ing and insulating segments which may be
rotated at an arbitrary speed by any suitable
means. In inductive relation to the primary
wire or coil p is a secondary s, usunally of a
much greater number of turns, to the ends of
which is connected a receiver R. The ter-
minals of the condenser being connected as
indicated; one to an insulated plate P and
the other to a grounded plate P’, when the
tube S is excited rays or streams of matter
are emitted from the same, which convey a
positive charge to the plate P and condenser-
terminal T, while terminal T' is continuously
receiving negative electricity from the plate
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P’. This, as before explained, results in an
accumulation of electrical energy in the con-
denser, which goes on as long as the cirenit
inclading the primary p is interrupted.
Whenever the circuit is closed, owing to the
rotation of the terminal #, the stored energy
is discharged through the primary P, this giv-
ing rise in the secondary s to induced cur-
reuts which operate the receiver R.

It is clear from what has been stated above
that if the terminal T"is connected to a plate
supplying positive instead of negative elec-
tricity the rays should convey negative elec-
tricity to plate P. The source S may be any
form of Roentgen or Lenard tube; but it is
obvious from the theory of action that in or-
der to be very effective the electrical im-
pulses exciting it should be wholly or at least
preponderatingly of one sign. If ordinary
symmetrical alternating currents are em-

" ployed, provision should be made for allow-
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ing the rays to fall upon the plate P only
during those periods when they are produc-
tive of the desired resnlt. Evidently if the
radiations of the source bo stopped or inter-
cepted or their intensity varied in any man-
ner, as by periodically interropting or ryth-
mically . varying the current exciting the
source, there will be corresponding changes
in the action upon the receiver R, and thus
signals may be transmitted and many other
useful effects produced. Furthermore,it will
be understood that any form of circuit-closer
which will respond to or be set in operation
when a predetermined amount of energy is
stored in the condenser may be used in lieu
of the device specifically described with ref-
orence to I'ig. 1, and also that the special
details of construction and arrangement of
the several parts of the apparatus may be
very greatly varied without departure from
the invention.

Having described my invention, what I
claim is—

1. The method of utilizing radiant energy,

which consists in charging one of the arma-
tures of a condenser by raysorradiations, and

the other armature by independent means, .

and discharging the condenser through a snit-
able receiver, as set forth.

2. The method of utilizing radiant energy,
which consists in simultaneously charging
& condenser by means of rays or radiations
and an independent source of electrical en-
ergy, and discharging the condenser throngh
a suitable receiver, as set forth,

3. The method of utilizing radiant energy,
which consists in charzing one of the arma-
tures of acondenser by rays or radiations, and
the other by independent mieans, controlling
the action or effect of said rays or radiations
and discharging the condenser through a suit-

able receiver, as set forth.
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4. The method of utilizing radiant energy.,' -

which consists in charging one of the arma- -

tures of a condenser by rays orradiations and
the other by independent means, varying the
intensity of the said rays orradiationsand pe-
riodically discharging the condenser through
a suitable receiver, as set forth.

5. The method of utilizing radiant energy,
which consists in directing upon an clevated
conductor, connected to one of the armatures
of a condenser, rays or radiations capable of
positively electrifying the same, carrying off
electricity from the other armature by con-
necting the same with the -ground, and dis-
charging the accumulated energy through a
sunitable receiver, as set forth.

6. The method of utilizing radiant energy,
which consists in charging one of the arma-
tures of a condenser by raysor radiations,and
the other by independent means, and effoct-
ing by the automatic discharge of theacenmu-
lated energy the operation or control of a
suitable receiver, as set forth.

NIKOLA TESLA.

Witnesses:

M. Lawsox DYER,
RICHARD DONOVAN.
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