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“Let the future tell the truth and evaluate each one according to his
work and accomplishments. The present is theirs; the future for
which | have really worked, is mine”

-Nikola Tesla



UNITED STATES

NIKOLA TESLA, Of* NEW YORK, N. Y., ASSIGNOR TO THE

PaTeENT OFFICE.

TESLA ELECTRIC

COMPANY, OF SAME PLACE.

ELECTRICAL TRANSMISSION OF POWER.

SPECIFICATION forming part of Letters Patent No. 511,916,dated January 2, 1894,

-

Ozigiual application fled May 15,1888, Berial Ho, 275,883, Divided aud this application fledl December 3, 1888, Serial No,
283,476, (Komodel)

To all whom it may coneeri:

Be it known that I, NIEOLA TESLA, from
Smifjan, .Lika, border .country of Aunstria-
.Huangary, asubject of the Emperor of Austria-

5 ITungary, residing at New York, in thecounty
and State of New York, have invented a new
and uscinl Method of Electrical Transmis-
sion of Power, of which the following is & de-
goription, thisapplication being a division of
an application filed by maon May 15,1888, Se-
rial No. 278,993, aud for the mothod of oper-
ating motors contained in such application.

In former patenis granted to me I have
shown and desoribed a gystem for the elec-
1§ trical transmission of power characterized by
thefollowing particulars: The molor contains
independent energizing eireuits and tho gen-
erator has corresponding indneed or current
generating ecireniis which are connected by
indopendent Jine cirenits witk those of the
motor. Thodisposition of the genarator coils
is such that the currents developed in the ¢ir-
cuits including them will have a certain dif-
ference of phase, for exampie, that the maxi-
mum periods of the eurrents ponerated in one
of its circuits coincide with the minimam pe-
viods of the enrrents produced in the other
elreuit, and the corresponding cnergizing clr-
cuits of tho motor are so arranged that the
iwo currents co-operato to effect & progress-
ivoshifting of the magnetic polesor the points
of maximum magnetic efect in tiie motor in
consequence of which a rotation of its mov-
able elemont is maintained.

My present invention jnvolves Lhis syslem
of olectrical power transinigsion; its distin-
guishing characteristic belug the mode or
method of generating or producing the alter-
nating currents which run or operate the
40 motor,

This iovontion is carried out in the follow-
ing way: Instesd of gonerating directly the
alternating oorrents in each of the cirenits
which include the energizing coils of the mo-

45 tor, as by means of the induced coilsof a
magneto electric waching, I generate or pro-
duce an alternating current in but ono of
such circuits directly and by means of such
currentindaco the proper current in tho other

5o energizing motor circuit. When the inde-
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pendent currents are both produeed in the
magnoto machine it will be observed thatthe
two line or transmitiing circuits will of ne-
cessity extend ihe entire distance from the

enarator to Lo mator, bt that by the method 55
ﬁerein provided, one line circnit may be dis-
pensed with as one cireait or that from the
gonerator may be brought into the properin-
Guctive relation to the other at any desired
point. '

The following is illustrative of the manner
in whieh Tearry out Lhis iuvention: Iemploy
as a motor, for cxample, 4 subdivided aona-
lar ficld magnot within whieh is mounted a
guitable armatare, such as a eylinder or disk
wonnd with two eoils at right angles, each of
whieh is closed upon itself. On opposite sides
of the annular field magnet I wind two coils
of insulnted wireof asizeadapted to oarry the
current from the genorator. Over these coils yo
or close fo them in any of ke well understood
ways I wind seoondary coils. T also wind on
thoe annuolar Deld magnet midway between the
first montioned eoils & pair of coils which I
connect npin eivcnit withithe secondary cotls.
The last pair of coils I make of finer wire
than the main orline and sccondary coils and
with a greater number of convolntions that
they may bave n greater relative magnetizing
and retarding effect thai eitherof the others.
By connecting up the main coils in elrouit
with o genorator of alternating currents the
armature of the motor will bo rotated. It is
probable that this aciion i3 explained by the
following (hoory: A current imnpulse on tho
line passing through the main coils estab-
lishes tho magnetic poles of the snnular field
magunets at points midway between said coils.
But this impulse produces in the secondary
coils a earrent which, eircalating through the
second pair of encrgizing coils tends to estab-
lish the poles at points ninely degreos re-
moved fromi their fivst position with the result
of produeing a movement or shifting of the
poles in obedience to the combined magoetiz-
ing effoct of the Lo sots of coils. "This ghiflt-
ing continued by each puceesslvo current im-
pulse establishes what may be tormed arotary
effort and operates to maintaln the armature
in rotation.
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In the drawings annexed 1 have shown in
Figure I an alternating current generator con-
nected with a motor, shown diagrammatically
and. constructed in accordance with my in-

§ vontion,and in Fig. 2 & dlagram of a modifled
form of motor.

A designates any ordinary form of alter-
nating ocurrent generator and B B the line
Wires for connecting the same with the motor.

Cis the annnlar field magnet of the motor.

. D D are two main eoils wound on opposite
sided of the ring or ennular field and eon-
nected up with the line, and having a tend-
ency to magnetize the ring C with opposite
15 poles midway betwoen the two coils.

" E.X are two other magnetizing ooils wonnd

midway between eoils D D, but having a
sironger magnetizing influence for a current
of given strength than ecoils D D. -

. ¥ F are the secondary coils which are asso-
ciated with the main coils D D. Theyarein
circuits which includoe the coils E E respoect-
ively, the connections béing made in such
order that eurrents induced in' colls F and
25 clirealating in ¢oils E will act in opposition to
. those in ooils D in &0 far only as the location

of the magnotic poles in the ring O is con-

cerned, .
The armature may bo of -any of the forms
30 used by me in my alternating enrrent system

and is shown as wound with two closed colls

G H at right angles to each other,

In order to fmlong the magnetizing effeot

of the induéed ¢urrents in produclug a shift-
35 Ing of the poles, T have carried the prineiple
of the eonstruction exhibited in Fig. 1 farther,
thereby obtaining a strongerand betterrotary
effoct.

Referring to Fig. 2, C is ar annnlar fleld
magnoet having three pairs or oppositely lo-
cated sets of polar projections K L M. Upon
one pair of theso projections, ag K, the main
energizing coils D are wound. Over these
are wouud the gecondary coils E. On the
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45
ond eneryizing- coils F which are in cirenit
with coils E. Tertiary induced coils B’ are
ihen wound over the ooils ¥ and on the re-
maining polar projections M the third ener-
glzing coils F’ are wound and conuected ap
in the circuit of the tertiary coils E'. The
cylindrical or disk armature core N in this
motor has polar projections wound with coils
O forming closed circuits. My object in eon-
structing the motor in this way is to effect
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more porfectly a shifting of the points of

maximum magneticeffect. Forassumingthe

'stdered, what devices be emplayed in effect-

next polar projections L L are wound the seo-

operation of the motor to be due to the action
above set forth—the first effect of & eurrent
impuolse in this motor will be to magnetize éc
the pole pieces K K, but the curtent thereby
induced in coils E magnetizes the pole pleces
L and the currentindueed in turn in coils &

magnetizesthe pole pieces . Thepole pisces
aro not magnetized, at least to their full ex-
tent, simultaneously by this means, bui there
is enongh of a retardation or delay toproduce
8 rotary effect or influence upon the arma-
ture. The application of this principleisnot
limited to the special forms of mafor herein
shown, as any of the double cirouit alternat-
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| ing earrent motors inverted by me and de-

seribed in former Letters Patent to me may
bezadapted to the samepurpose. This method
or mode of prodocing the currenis in the in- 75
dependent energizing circuits of the motor
may be carried ¢ut jn various ways, and it is
not material to the invention broadly con-
ing theresalt, viz: the induction from orbythe 8o
current from the generator or gource, of the
curzent ar-enrrents which co-operate thers-
with in prodocing the rotation of the motor.

I would state that in using the word gen-
erator, I mean either a primary generator, 85
such as a magneto machine, or & secondary
gencrator, such a5 an electrieal convertor,
and ir claiming protection for indoeing the
current in-one set of energizing coils by the
current which circulates in another, I would ¢
ba anderstood as ineluding the indumetion of
the secondary carrent from the eurrent from
the same sonrce as that which traverses the
motor coils whether it be flowing in the same
branch or part of the circait or not. 95

What Iolsim is—

"1, The method of operating electro-mag-
notie motors having independent energlzing
circuits, as herein. deseribed, which con¥ists
e passing an alternating current throngh one
of the egergizing cirenits and indueing by
such curr¥nt the current in the other ener-
gizing circult of the motor, as set forth. ~

2. The method of operating electro-mag-
notie motors having independent energfzlng
cirenits as harein deseribed, which consista in
developing an alternating eurrent in one of
said energizing cirenits and indacing there-
by currents in the other energizing oironit or
circuits, as heroin set forth.

- NIEOLA TESLA.

Ica
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YWitnesses; .
GEo. N. MoNRO,
EDWARD_ T. Evans.
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UNITED STATES

PaTenT OFFICE.

NIKOLA TESLA, OF NEW YORK, N. Y.

ELEGCTRICAL CONDUCTOR.

SPEC; FICATION forming part of Letters Patent No. 514,167, dated February 6, 18084,
Amplication fled January 2, 1802, Serial ¥o.415,773. Fomodel)

To all whom it may concern:

Boe it known that I, NIxoLa TESLA, a citizen
of the United States, residing at New York,
inthe county and Stateof New York, havein-
vented certain newand nseful Improvements
ir Line Conductors for Systems of Electrical
Distribution, of whichthe followingisaspeci-
fication, reference being had to the drawings
accompanying and forming a part of thesame.

In any system of electrical transmission or
distribution in which eurrents of excessively
high potential are employed, and more par-
ticularly, when the frequency is high, there is
a dissipation of energy from the conductoror
conduectors of the line, due to the electrifica-
tion of the atmosphers or other surrounding
medium, or other caunses,

Heretofore it has been usual, in order to
prevent loss by dissipation orinterference by

indnction on line conduetors, to insulate the |

same and inclose them in a continuous con-
ducting sheathing or cover which has been
connected with the ground Ly s good con-
docting path.

The object of my invention is to prevent
loss on line conductors in a system of electri-

cal transmission and distribution, more par-

ticularly suct as that described by mein pat-
ent of Juna 23, 1891, No. 454,622, bat in any
other systen- in which alternating or, gener-

ally speakir raryingeurrentsof excessively
high potent are employed.

I have for - . ihal in these systems the use
of a condu¢  ~ sheath or screen around the

line conduct.:s and well grounded, or even
brought into proximity to external cendne-
tors or large bedies, is attended by an actual
and generally a serions-loss of energy. I
therefore maintain the sheath either entirvely
isolated or connected directly or induectively
to the'groun = ‘hrough a path which will prac-
. the passage of currents cver
: found that when a continu-
‘heath or sereen iz employed,
r liability to loss of energy by
.-ua, for unless the sheath or
1lerably shorter than the cur-
sing in the conductor, electiro-
rill be set np between different
sath, whick will result in the

it. I have
ous insulat
there is gre
induciive =
screen be ec
rent waves .
motive fore:

passage between such points of induced cur-
rents. 1, therefore, divide up the sheath or
sereen into short lengths, very much shorter
than the wave lengths of the current nsed, so
that the grounding of any oneof such lengths
or the approach theretoof a large body will re-
gnltin an inappreciable loss, orat most a small
loca) drainingof theenergy,whilethetendency
of currents to flow between different points
in the sheath is effectually overcome. The
function of the sheath as a static screen for
preventing the dissipation of the eleetric en-
ergy, however, requires for its complete ef:
fectiveness an uninterrupted conduoting par-
tition or screen around the conductor. -I at-
iain this respect in the case of a-seeblona.l
sereen, by causing the ends of the insulated
divisions or sections of the same to overlap,
interposing a suitable insulating material be-
tween the overlapping portions. By means
of a conductor or conductors thus protected,
I may transmit with slight loss and to great
distances enrrents of very high potential and
extremely high frequency.

The invention is illustrated in the aceom-
panying drawings in which—

Figure 1 illustrates portions of the condue-
tor with the earth counsetions above de-
seribed. Fig. 2 is a sectional view of a por-
tion of the conduotor on an enlarged scale.

A is the central wire or conductorthat ear-
ries the current.

B is an insnlating coating. :

Cisaconducting sheathing orsereen, whieh.

may be externally insulated, il so desired.
This sheathing is divided up, as shown, into
short lengths or sections, and the end of one
section overlaps or telescopes with the end of
the adjacent sections but is insulated there-
from by the material D.

It is well known that a statie screen, to Dbe
entirely effective as such, should have a
ground connection, but it has been usual in
such cases to provide a good elecirical con-
nection from the sereen to earth, When a
current of excessively high potential, how-
ever, is used, or when the frequency of the
current is very high, such a connection isim-
practicable on account of the loss which fol-
lows. In such cases, therefore, I obtain the

55

6o

65

70

75

8o

85

11}

95

100



2 514,187

beneficial results of an earth connection while
preventing the generally serious loss that
would oceur in the use of such carrents, by
providing between the sheath and the ground
a path Pof very high ohmie resistance or one
containing » self-induetion coil 8 properly de-
termined with respect to the existing condi-
tions so that it will effect the deseribed re-

. sult, or a condenser of very small capacity as

10

I5

shown at R. In such cases the sheathing or
screen for practical purposes may be regard-
ed as isolated from the ground, since by the
character of the connection employed no ap-
preciable lossresults from the passage of car-
rent from the sheath to the ground.

No particular plan of econstruction need be
followed in making up this conductor, and no
special matorials of the several kinds named

- peed be used; the general econstruotion and

20

character of the conductor, apart from the
partieular features horein deseribed, being en-
tirely well understood by thoseskilled in the
art. o oL

What I claim is—-

1. A conduetor for electric eirenits, com- 25
-posed of a wire for carrying the current, an

insulated coating or eovering and a surround-
ing condueting sheath or screen divided into
insulated sections, as set forth. :
2. A conductor for electric eirenits, com- 3a
posed of a wire for carrying the current, a
coating or eovering of insulating materialand
a surronnding conducting sheath or scresn
divided into insulated sections, the ends of
which overlap, as set forth. .
3."The combination of a wire or conductor
for conveying electric currents, an insulated
coating or covering therefor, a condneting
sheath or sereen surrounding the insulating

coating and & connection between said sheath- 40

ing and the ground .containing a condenser
of very small capacity or its agaivalent.
: NIKOLA TESLA.
Witnegses: :
EBNEST HOPKINEON,
- - PAREER W, PAGE.
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UNITED STATES

PaTeENT (OFFICE.

NIKOLA TESLA, OF NEW YORK, N. Y.

MEANS FOR GENERATING ELECTRIC CURRENTS.

SPECITICATION forming part of Letters Patent No. 514,168, dated February 6, 1884,
Application filed August 2, 1893, Berial No, 432,194, Nomodel)

—_— ~

To all whom it may concern:

Beit known that I, NigoLa TESLA, a 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 Means for Generating Electric Currents, of
which the following is a specification, refer-
ence being had tothe drawings accompanying
and forming a part of the same.

The invention, subject of my present ap-
plieation, is an improvement applicable more

especially to the method or system of gener-

ating and utilizing electrical energy, hereto-
fore discovered by me, and more fully set
forth in Letters Patent No, 454,622, of June
23 1891, and No. 462,418, of November 3, 1691,
and which involves the maintenance of an in-
termittent or oseillatory discharge of a con-
denser ov eirenit of suitable capacity into a
working cirenit containing tranpslating de-
vices. Insystems of this character when the
high freqnency of the currents employed is
due to the action of a disruptive or intermit-
tent discharge across an air gap or break at
some point of the circnit, I have found it to
be of advantage not only to break up or de-
stroy the least tendency to coutinnity of the
are or discharge, but also to control the peried
of the re-establishment of the same, and from
investigations made by me with Lhis object
in view I have found that greatly improved
results ars seenred by causing the discharge
to take place in and through an insulating
liquid, such as oil, and instead of allowing
the terminal points of the break to remain at
o uniform distance from.each other, to vary
such distance by bringing them periodically
in actoal contact or sufficiently near to estab-
lish the discharge and then separating them,
or what is the equivalent of this, throwing in
and out of the gap or break a condneting
bridge at predetermined intervals. To ob-
tuin the best results, moreover, L find if es-
sential to maintain at the point of discharge
a flow of the insulating medium, or, in gen-
eral, such a cirenlation of the same as will
constantly operate to cut off or break up the
discharge as fast as it is established. The
accomplishment of this latter result involves
the employment of some mechanism for main-
taining the flow or circulation of the insulat-
ing medium past the points of discharge, and

] take advantage of the presence of such
mechanism to accomplish a further and bene-
ficial result which is the maintenance of a
Aow or eirctlation of the insnlating lignid in
which 1 immerse the eonverter coils nsed for
raising the potential of the current, and also
the condenser plates when snch are required
and used. By this means the insulating
liquid surrounding the said coils and plates
may be prevented from heating, either by its
circulation alone or by the application to it
while in motion of & cooling medium, and its
requisite qualities preserved for an indefinile
time.

Broadly considered the plan contemplated
is entirely independent of the special means
for carrving it into execution, but in illustra-
tion of the preferred manner in which the in-
vention is or may be carried ount, I now refer
to the drawings which are hereto annexed.

Figuore 1 is a diagram of thesystem-and de-
vices employed by me, Fig. 2 is a sectional
view of a detail of mechanism.

G represents an electric generator, as for
ingtanee, an ordinary alternator, in the eir-
enit of which is the primary P of a trans-
former, of whick S represents the secondary,
which is usually of wnch longer and finer
wire than theprimary. To the secondary cir-
cuit, if it have nof of itself sufficient capac-
ity for the parpose herein contemplated, are
connected the plates of a condenser C, and at
any point in said circnit isa break or gap at
which oceurs the disruptive discharge. Ina
portion of the secondary cirenit, preferably
in saries with the condeuser, as shown in the
drawings, is a primary coil P’ with whieh is
associated. a secondary S’, which latter con-
stitutes the ultimate scaree of currents for a
working cirenit D in which or with which are
connected transiating devices E. Under the
conditions assumed it will be understood that
by the oseillation or change caused by the ac-
tion of the discharge, the condenser ischarged
and discharged setting up in the primary P’
an electrical disturbance of enormous fre-
quency, as has been explajned in my patent
referred to, and as is now well anderstood.
Instead of employing two terminals at a fixed
distance, however, for tha gap across which
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the discharge takes place, I vary the distance

between them, or whatis practically the same



2

thing, I interpose between said terminals a.
conduoctor or a series of conductors snceess-
ively by means of which the efftctive dis-
tanee or length of the path of dischargeis or
may be varied at will, This I accomplish in
the following manner: .

A is a pipe or tube that leads into a tank

B. To the end of this tube issecured an ex-
" tension F of insulating material and the two

10
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terminals G’ .G’ are caused to project through
the sides of the same, as indicated in Fig. 2.
Within the extension I securs two eross-bars
H which afford bearings for the spindle of a
small metallic turbine I, the blades of which,

a8 the turbine revolves, bridge the space be-

tween the two terminals, nearly or quite
touching the terminals in their movement.
If now the tank B be filled with nil and the
latter is drawn off or permitted to flow off
through the tube A, the turbine will be ro-
tated by the flow, the rate of rotation being
dependent nupon the rate of flow, By this
means the are or discharge is periodically es-
tablished through a flow of oil, which secures
in the most satisfactory manner the condi-
tions best adapted for practical results,

The further objects of theinvention arese-
cured by placing the transformer P’ &’ in the
body of oil in the tank B, and the condenser
in & closed receptacle L. Then in orderto

" maintain a circulation of the oil angd to pro-
vide for the requisite flow which rotates the
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turbine, I connect the tank B with the con-
denser box L by means of the pipe A. I also
run a pipe M from the box L to a small ro-

tary pump N, and another pipe O from the |

latter back to the tank B.

‘When necessary or desirable I may insert
in the pipe O a ¢cil R, which is contained in
a jacket T through which a cooling medium
is passed. . '

The flow of oil isregulated by the speed at
which the pump N is driven, and by this
means the period of re-establishment of the
arc is controlled.

Having now deseribed my invention and

the best means of which I am aware iz which
the same iz or may be carried into effect, what
I claim is—

1. In an electric system of the kind de-

immersed in oil, of meansfor periodica

514,168

scribed, the combination with the points or
terminals between which oeccurs the inter-
mittent or oscillating discharge of means for
maintaining between said points and in the
path of the discharge a flow of insumlating
liguid, as set forth. .

"2, In an electrical system of the kind de-
seribed, the combination witha transformer,
and the points ¢r terminals between which
occurs the intermittent or ogeillating dis-
charge, of a body of insulating liquid sor-
rounding the same, and means for maintain-
ing a flow or cireulation of the same, 85 sat
forth, .

3. In an electrical system of the kind de-

seribed, the combination with a transformer

and the points or terminals betwoen which
oceurs the intermittent or oseillating dis-
charge, of receptacles inclosing the same and
containing oil and means for maintaining a
flow of the ail through said receptacles and
around the devices therein, as sat forth,

"4, In an elestrieal system of the kind de-
soribed, the combination with the points or
terminals. between whieh oceurs the inter-
mittent or osecillating discharge, of a means
for maintaining a flow of insnlating liguid
between the discharge points, and means for
varying the length of the path of diseharge
through such fluid, dependent for operation
upon the flow of the same, as set forth.

5, The combination with discharge {)oints

_ ly va-

rying the length of the path of discharge be-
tween them, as deseribed.
6. The combination with discharge points
immersed in oil, of a conductor adapted to pe-
riodically bridge the space between such
points, as set forth, _ :

7. The combination with discharge points
immersed in oil, means for causing a flow of
the oil between said points and a metallic
furbine mounted between.the peints and
adapted by the rotation produced by the flow-
ing oil to bridge with its vanes or blades the
space between the said points. ’
NIKOLA TESLA..
Witnesses: :

RopT. F, GAYLORD,
PARRER W. PAGE.
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IUNITED STATES

PatenT OFFICE.

NIKOLA TESLA, OF NEW YORK, N. Y., ASSIGNOR TO THE TESLA ELECTRIC -
" ' OOMPAI_*TY, OF SAME PLACE. - -

ELECTROMAG NETIC MOTOR.

SPECIFICATION forming part of Letiers Patent No. 524,426, dated August 14,1894,
‘ Application filed October 20, 1888, Serial No. 288,677, (No model.

To &l whom it may concern: T
Be it k. 9wn that I, NIROLA TESLA, & sub-
Ject of the Emperor of Austria-Hungary, from
Smiljan, Lika, border country of Austria-
Hungary, and a resident of New York, in the
county and State of New York, havs invented
certain new and useful Improvementsin Elec-
tromagnetic Motors, of which the following is
a specific “tion, reference being had to the
drawings .2companying and forming a part
of the same. :
. In previous patents of the United States
notably in those numbered 381,968 and
382,280, dated May 1,1888,T have shown ‘and
described a system of transmitting power by
means of electro-magnetic generators and mo-
tors. The distingunishing feature of this 8ys-
tem was ghown to be the progressive move-
ment or shifting of the magnetic poles or
points of 1r aximum attraction of a motor, due
to the act . or effectof alternating currents
passed tk .gh independent energizing cir-
cuits in ti. motor. Toseenre this result the
two currer:s must have different phases, the
bestresuli- i:eing obtained when the two cur-
rents diffe: by a quarter phase, or in other
words wher the periods of mazimum potential

of onecur . coincide with the minimum pe-
riods of 1 sther, and conversely. I have
also disec:  d that asingle alternating cur-
rent may . tilized to produce a progression
or shiftin; the magnetic poles of a motor
if the fielc  igmets of the same be of differ-
ent magne: . susceptibility in different parts
80 that the wmagnetic phases of the same will

differ. Th:tisto say, if the fleld magnets are

of such ghz ..oter that theirdiferent portions
will be dif«rantly magnetized—in respect to
time—by the same current impualse, and so
disposed that the difference of magnetic
phase will maintain a rotary or progressive
shifting of the points of mazximum magnetic
effect. Thizmay beaccomplished in varions
ways, as w. - best be explained by reference
to the aecec . vanying drawings, in which—.

Figurel  a diagrammatic view of a mo-
tor constrv'  din accordance with my inven-
tion and : renerator conneected ‘therewith.
Fig. 2, is a:. »nd view of a modified form of
armature for said motor.

Let A designate an ordinary type of alter-
nating current generator in the ecireuit of
which is to be connected a motor or motors,
according to my present invention. I con-
struct such motor or motors in the following
manner: Ona shaft o I mountan armature G,
which for convenience of iliustration is pre-

sumed to be & soft iron plate or disk with two _

cut-away portions or a bar with ronnded ends.
Around this armature I place say four poles,
D D E E, of soft iron, and, as is asnal in all
alternating eurrent machines, built ap of in-
sulated plates or sections to prevent the heat-
ing that would otherwise oceur. Each of these
cores is surrounded by an energizing coil F
and all of these coils are connected to the
main cirenit from the generator A in series
or in anyother manner to recsive simultane-
ously the etrrent impulses delivered by the
generator. If the cores are all of the same
shape or mass, or composition, and the coils
are all wound in the same or alterpately op-
posite directions, no rotation would be pro-
duced by the passage through the coils of a
current, whether alternating or direct, since

- the attractive forces of the poles apoa the

soft iron armature wonld be daveloped simnl-
tanecusly and would counterbalance or nenu-
tralize each other. But to securs rotation I
make, for example, the cores D D short with
their coils close to their inuer ends and the
cores E E long, with their coils removed from
the inner ends. By this means I secure a
difference in the magnetic phases which the
poles exhibit, for while the short cores will
respend to the magnetizing effoct of an alter-
nation or impulse of carrent in the coils in g
certain time, a greater interval of time will
elapse before the same magnetic intensity
will be develaped at the ends of the longer
cores, and in practice I have found that this
difference in phase may be utilized to pro-
duce the rotation of the armature, The ef-
feet being virtually to produce a shifting of
the points of maximuwm magnetic effect simi-
lar to that which takes place when two alter-
nating energizing currents, differing inphase
are used, as explained in the patents above
referred to. The essential difference being

1 that in my patented system the rotation is af.
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fected by 2 time difference of electrical phase,
while in the present case it is due to a differ-
ence in magnetic phases.

The same or similar results are obtainable
by other means. For example, to secure the
requisite difference of magnetic phase, I may
malke two of the cores as E E of greatoer mass
than eores D I, whereby their period of sat-
uration will be greater than of cores D D, or
I may make the ecores B E of hard iron or
steel and the cores D 1) of soft iron, in which
case the cores E E offering greater resistance
to magnetic changes, will not exhibit their
magnetism as soon after the passaga of acur-
rent as the cores D D. Orif thecores of one
set of poles, as D, D, be removed, the attract-
ive force of the coils or solenoids would be
exerted instantly while the magnetie cores E
E would lag or have a different phase,

The special form of the motor is largely a
matter of choice, nor is the invention limited
tothe number of poles nor to the special form
of armature shown. For example, I may
employ such an armature as that shown in
Irig. 2, which is a eylinder or disk C wound
with coils G closed upon themselves. This
adds materially to the efficiency of the motor
for the reason that currents are indnced in
the closed coils and magnetize the iron cyl-
inder in & manzer similar to that deseribed
in my Patent No. 383,279 of May 1, 1858.

Without limiting myseif, therafore, in the
particulars hereinbefore specified, what I
claim as my invention is— ]

1. In an alternating current motor the com-
bination with energizing coils adapted to be
connected with an external circuit of cores of
different magnetic susceptibility so as to ex-
hibit differences of magnetic phase under the

524,426

inflaencee of an energizing current, as herein 4o

get forth.

2. The combination in an alternating cur-
rent motor with a rotary armatore of mag-
netic poles, and coils adapted to be connected
with the external circuit surrounding the
same, the said cores beilng constructed of dif-
ferent size or material whereby their mag-
netic phase will differ in time as set forth.

3. The combination in an electro magnetic
motor with a rotary armature of magnetic
cores of different length or mass and ener-
gizing coilssurroundingthesame and adapted
to be connected with a single soures of alter-
nating currents, as set forth,

4. The combination in an electro magnetic
motor with a rotary armature of short mag-
netic cores as D D and long magnetic cores
as E E, and energizing coils surronnding the
same, those on the cores E E being placed at
a distance from the inner ends of the said
cores, as herein set forth.

5. The combination in an electro-inagnetic
motor with energizing coils adapted tobe con-
nected with a source of alternating eurrents,
and cores of different magnatic susceptibility,
of an armature wonund with coils closed upon
themselves, as hersin set forth,

§. The combination in an electra magnetic
motor with a rotary armature of field cores
of different magnetic susceptibility and en-
argizing coils thereon connected in series and
adapted to be connected with a souree of al-
ternating currents, as set forth.

NIKOLA TESLA.
Witnesses:

Gro. N, MOKRoO,
A, PATTERSON,
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UNITED STATES

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

PaTeENT OFFICE.

ASSIGNOR TO THE TESLA ELECTRIC

COMPANY, OF SAME PLACE.

ALTERNATING MOTOR.

SPECIFICATION forming part of Letters Patent No. 555,190, dated February 25, 1896.
’ * Application filed May 15,1888, Serial No, 273,998, (No model.)

To all whom it may concern:

Be it known that I, NIKOLA TESLA, a 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 Electromagnetic Motors, of

which the following is a specification, refer-.

ence being had to the drawings accompany-
ing and forming a part of the same.

1o In former patents granted to me—notably,
Patents Nos. 381,968 and 382,280, of May 1,
1888—I have shown and described a system
for the electrical transmission of power char-
acterized by the following particulars: The

15 motor contains independent energizing-cir-
cuits and the generator has corresponding in-
duced or current-generating circéuits which
are connected by independent line-circuits
with those of the motor, the said circuits be-

zo ing independent in the sense only that the
distinctiverelations of the currents produced,
transmitted and utilized in each are preserved
to produce their proper conjoint effect. The
disposition of the generator coils or circuits

25 is such that the currents developed therein
and transmitted therefrom to the motor will
have a certain difference of phase—for ex-
ample, so that the maximum peériods of the
currents generated in one of such circuits co-

30 incide with the minimum periods of the cur-
rents produced in the other circuit, and the
corresponding energizing-circuits of the mo-
tor are so arranged that the two currents co-
operate to effect a progressive shifting of the

35 magnetic poles or the points of maximum
magnetic effect in the motor, in consequence
of which a rotation of its movable element is
maintained. '

My present invention pertains to this sys-

40 tem of electrical transmission of power, its
novel and distinguishing feature, however,

being a special means for generating or pro-

dueing in the two motor-circuits the alter-
nating current necessary for the operation of
45 the motor, for whilein the instances referred
to I produce both currents directly by a mag-
neto-electric machine in the present instance
I generate or produce in but one of the cir-
cuits of the motor directly an alternating cur-
50 rent, and by means of such current induce
in the other energizing-motor circuit the other

alternating current necessary for its opera-
ation.

‘When the two currents are both produced
in the magneto-electric machine, it will be ob- 53
served that the two line or transmitting cir-
cuits will of necessity extend the entire dis-
tance from the generator to the motor; but
by the plan herein provided one line-circuit
only is required, as the circuit from the gen- 6o
erator and the other are brought into induct-
ive relation to each other in the motor itself.

The following is illustrative of a means by
whiclh. I secure this result in accordance with
my present invention: T employ as a motor, 63
for example, a subdivided annular field-mag-
net within which is mounted a suitable arma-
ture, as a eylinder or disk, wound with two
coils at right angles, each of which forms a
closed circuit. On opposite sides of the an- 70

nular field-magnet I wind two coils of insu-

lated wire of a size adapted to carry the cur-
rent from the generator. Over these coils, or
close to them, in any of the well-understood
ways, I wind secondary coils. Ialsowindon 75
the annular .field-magnet midway between
the first-mentioned coils a pair of coils which

I connect up in circuit with the secondary
coils.

The last pair of coils I make of finer wire So
than the main or line and secondary coils, and
with a greater number of convolutions, that
they may have a greater relative magnetizing
effect than either of the others.

By connecting up the main coils in circuit 83
with a generator of alternating currents, the
armature of the motor will be rotated. Ihave
assumed that this action is explained by the
following theory: A current-impulse on the
line passing through the main coils establishes go
the magnetic poles of the annular field-mag-
net at points midway between said coils; but
this impulse produces in the secondary coils
a current differing in phase from the first,
which, circulating through the second pair of g3
energizing-coils, tends to establish the pole at
points ninety degrees removed from their first
position, with the result of producing a move-
ment or shifting of the poles in obedience to
the combined magnetizing effect of the two 100
setsof coils. Thisshifting, continued by each
successive current-impulse, establishes what
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may be termed a ¢“ rotary effort,” and operates
to maintain the armature in rotation.

In the drawings annexed I have shown, in
Figure 1, an alternating-current generator
connected with a motor shown diagrammati-
cally and constructed in accordance with my
invention, and in Fig. 2 a diagram of a modi-
fied form of motor.

A designates any ordinary form of alter-
nating-current gencrator, and B B the line-
wires for connecting the same with the motor.

C is the annular field-magnet of the motor.

D D are two main coils wound on opposite
sides of the ring or annular field and con-
nected up with the line and having a tend-
ency to magnify the ring C with opposite poles
midway between the two coils.

E E are two other magnetizing-coils wound
midway between the coils D D, but having a
stronger magnetizing influence for a current
of given strength than coils D D.

E T are the secondary coils, which are as-
sociated with the main coils D D. They are
in circuits which include the coils E X, re-

spectively, the connections being made in’

such order that currents induced in coils F
and circulating in coils E will act in opposi-
tion to those in coils K in so far only as the lo-
cation of the magnetic poles in the ring C is
concerned.

The armature may be of any of the forns
used by me in my alternating-current system,
and is shown as wound with two closed coils
G IT at right angles to each other.

In order to prolong the magnetizing effect
of the induced currents in producing a shift-
ing of the poles, I have carried the principle
of the construction exhibited in Fig. 1 fur-
ther, thereby obtaining a stronger and better
rotary effect.

Referring to Fig. 2, C is an-annulav field-
magnet having three pairs or oppositely-lo-
cated sets of polar projections I L M. TUpon
one pair of these projections, as I, the main
energizing-coils D are wound. Overtheseare
wound the seccondary eoils 1. On the next
polar projections I. T, are wound the second
energizing-coils I, which are in cireuit with
coils E. Tertiary-induced coils E' are then
wound over the coils I, and on the remaining
polar projections M the third energizing-coils
I are wound and connected up in the cireuit
of the tertiary coils E'.

The eylindrical or disk armature core N in
this motor has polar projections wound with
coils O, forming closed cireuits. DMy object
in constiructing the motor in this way is to
effect more perfectly theshifting of the points
of maximum magnetic cffect. Ifor; assuming
the operation of the motor to be due to the
action above set forth, the first effect of a
current-impulse in this motor will be to mag-
netize the pole-pieces K X; but the current
thereby induced in coils E magnetizes the
pole-pieces L, and the current induced in turn
in coils E' magnetizes the pole-pieces M. The
pole-piceces are mnot magnetized, at least to

555,190

theiv full extent, simultancously by this
means; but there is enough of a retardation
or delay to produce a rotary effect or infiu-
ence upon the armature. The application of
this principle is not limited to the special
forms of motor herein shown, as any of the
double-cirveuit alternating-current motors in-
vented by me and deseribed in former Letters
Patent to me may be adapted to the samo
purpose.

This invention, moreover, is not limited fo
the specific means herein shown for inducing
in one energizing-cirenit of the motor the cur-
rents necessary for co-operating with the pri-
mary current of the generator for producing
the progressive shifting of the poles or points
of maximum magnetic effect.

I believe that 1 am the first to produce any
kind of a motor adapted to be operated by
alternating currents and characterized by any
arrangement of independent circuits brought
into inductive relation so as to produce a ro-
tary effort or effect due to the conjoint action
of alternating currents from a source of sup-
ply in one of the motor-circuits and alternat-
ing currents induced by the first-named cur-
rents in the other circuit, and this without
reference to the specific character or arrange-
ment of the said two cireuits in the motor.

What I therefore claim as myinventionis—

1. In an electromagnetic motor, the combi-
nation of independent energizing-circuits, one
adapted to be connected with a source of al-
ternating eurrent, the other arranged in in-
ductive relation to the said first circuit where-
by the motor will be operated by the result-
ant action of the two circuits, as set Lorth.

2. The combination in an electromagnetic
motor, with an alternating coil or conductor
and a closed-cireuit conductor in induetive
relation theveto, of an armature mounted so
as to be within the field produced by the coil
and closed conductor, as set forth.

3. The combination in an electromagnetic
motor, with energizing-ecoils adapted to be
connected with the generator of indueed ¢oils

and independent enecrgizing-coils in cireuit

therewith and arranged to produce a shifting
movement of the points of maximum mag-
netic effect of the motor, as set forth.

4. The combination in an electromagnetic
motor of a series of independent energizing-
coils or sels of coils and induced coils wound
on all the energizing-coils or sets of coils but
the last of the series, the first energizing-coil
or set of coils being included in eircuit with
a generator and each succeeding energizing-
coil or set of coils being in circuit with the in-
duced coils of the next preceding energizing-
coils of the series.

5. In a system for the electrical transmis-
sion of power the combination of an alternat-
ing-current generator, a motor with an ener-
gizing coil or coils connected with: the gen-
erator, secondary coils in inductive relation
to said energizing-coils, and energizing-coils
in cireuit therewith arranged in substantially

So
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the manner set forth to produce a movement
or rotation of the points of maximum mag-
netic effect of the motor, as set forth.

6. In an electromagnetic motor the combi-
nation of independent energizing-circuits,one
for connection with a source of alternating
currents, the other in inductive relation to the
first, whereby a rotary movement or projec-
tion of the field-poles will be produced by the

v

conjoint action of the two and an armature
mounted within the influence of the field pro-
duced by the energizing-circuits and contain-
ing closed coils or circuits, as set forth.

NIKOLA TESLA.
Witnesses: '
RoBT. F. GAYLORD,
FrRANK E. HARTLEY.
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UNITED STATES

PaTENT OFFICE.

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
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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
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two brushes I' ¥ hear upon two of said seg-
ments ¥ E the civenit 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 eharg-
ing and discharging.

‘IT'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 small motor 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.  Tlhesc
elements may be mechanically associated in
any convenient and compact form, but so far
a3 their general arrangement and relations
are concerned I prefer the velative dispoesi-
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 cirenit in which it must otherwise
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,

4. 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 throungh 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 direct
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-
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troller, a condenser connected with the eir-

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 electric 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

35
40

45

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 bé 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%
6o
%
70
75

8o

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

95

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-

100
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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 cﬁrima.ry M. The conductors
of snch 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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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,

Application 183 June 20,1886, Sorlsl No. 506,268, (No model)

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 com-
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. : :
1t is well known that every electric cireunit,
provided its ohmie resistance does 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 cirveunits.

Inasmuch as the period of any given cir-
euit 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. Thetre 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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UNITED:- STATES -

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 ecircumstances 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 circuit 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
and’appliances which it is my present object
to illustrate as the basis for the elaims 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. 1 therefore provide,

in case an alternating or equivalent electro-
motive 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 slightly-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 thromgh 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-
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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, thereforve,
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 thiscirenitis 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 eurrent,
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 eaeh 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, CoorEer.
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UNITED STATES

PaTENT OFFICE.

NIKOLA TESLA, OF NEW YORK, N. Y.

APPARATUS FOR PRODUCING ELECTRICAL CURRENTS OF HIGH FREQUENCY.
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Lo all whom it may conccrﬂ:
Be it known that I, NIEOLA TESLA, a citi-

. zon of the United States, residing at New

York, in the county and State of New York,
have invented certain new and usefol Im-

. provementsin Apparatus for Producing Elec-
. trieal Corrents of High Frequeney, of which

10

15

20

the following is a specification, reference be-

- ing had to the drawings accompanying and

forming a part of thé same.

This invention ig an improvement in ap-

paratus for producing electrical currents of
high frequency in accordance with the gen-
eral plan heretofore invented and: practiced
by me and based npon the principle of charg-
ing a condenser or circuit possessing capacity

-aud discharging the same through a circuit

of low self-induction, so that rapid electrical
oscillations are obtained. To secure this re-

_sult, I employ some means for intermittently

charging the condenser and for discharging
it through the eircuit of low self-induction;
and among the means which I have hereto-

. fore employed for this purpose was a me-

25,

30

chanicsl contact device which controlled both
the charging and the discharge circuit in

such manner that the condenser was alter-
nately charged by the former and discharged -

into the latter.. .
My present hinprovement consists in an ap-
paratus for effecting the same result by the

. use of a circuit-controller of special character

35

in which the continuity of the paths for the

-eurrent is established at intervals by the pas-

sage of sparks across a dielectrie.

In carrying out my present improvement I,

employ o circuit-controller containing two

~ terminals or sets of terminals movable with

40

respect to each other into and out of prox-
imity, and I provide means whereby the in-

- tervals between the periods of close approxi-

45

mation, during which the spark passes, may
be adjusted so that when used in a system
supplied by a source of aliernating current

‘the periods of make and break may be timed

with reference to
or impulse. .

Referring to the drawings, which illustrate
in ita preferred form the improvement above
referred to, Figure 1 is a view, partly in ele-
vation and partly in section, of a generator
arranged to give an alternating carrent with

& phase of the current wave

‘rent which the generator delivers.

the circuit-controller mounted on its shaft.
Fig. 2 is a section of the controller of Fig. 1
on line x z of said figure. - Fig. 3 is a diagram
illustratiug the system or: appardtus as a
whole, Figs. 4 aud 5 are sectional views of
a modified form of eircuit-controller. '

A designates in Fig. 1 a generator having
a commutator A’ and brushes A" bearing
thereon, and also colleeting-rings B B, from
which an alternating current-is taken by
brushes B’ in the well-understood manner,

The circuit-controller is mounted in part
on an extension of the shaft C of the gener-

ator, and in part on the frame of the same,

or on a stationary sleeve surrounding the
shaft. Itsconstruction in detail i asfollows:
D is a metal plate with a central hub D', which

is keyed or clamped to the shaft C. The plate-

is formed with. segimental extensions corre-
sponding ' in pumber to the waves of cur-
These
‘gegments aro preferably cut away, leaving
only rims or frames, to one of the radial sides
of which are secured bent metal plates E,
which serve as vanes to maintain a cirenla-
‘tion of air when the device is in operation.
“The segmental disk and vanes aré contained
within a close insulated box or case ', mount-
edon the bearing of the generator, or in any
other proper way, but so as to be capable of
angular adjustment around the shaft. To
facilitate such adjustment, a serew-rod F',
provided with a knob or handle, is shown as
passing through the wall of the box.
latter may be adjusted by this rod, and when

‘in proper position may be held therein by

serewing the rod down into a depression in
the sleeveor bearing, aashownin Fig, 1. Air-
passages G G are provided at.opposite ends
of the box, through which airis maintained
in circulation .by the action of the vanes.
Through the sides of the box F and through
insulating-gaskets II, when the material of
‘the box is not.s sufficiently good inaulator,
.extend metallic terminal plogs K K, with
their ends in the plane of the conducting

'| segmental disk D and adjustable radially to-

‘'ward and from the edges of the segments,
This or similar devices are employed to carry
out fthe invention above referred to im the

represents any source of alternating current
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the potential of which is raised by a trans-
former, of which a is the primary and ? the
secondary. The ends of the secondary cir-
cuit 8 are connected to the terminal plugs K
X of an apparatus similar to that of Figs. 1
and 2 and having segments rotating in syn-
chronism with the alternations of the current
source, preferably, as above deseribed, by
being mounted on the shaft of the generator
when the conditions so permit. The plugs
X X are then adjusted radially, so as to ap-
proach more or less the path of the outer
edges of the segmental disk, and so that dur-
ing the passage of each segment in front of
a plug a spark will pass between them, which
completes the secondary cireuit S. The box
or the support for the plugs Kis adjnsted an-
gularly, 50 as to bring the plugs and segments
into proximity at the desired instants with
reference to any phase of the eurrent-wave
in the secondary cirenit and fixed in posi-
tion in any proper manner. To the plugs
K X are also connected the terminals of a con-
denser or condensers I, so that at the instant
of the rupture of the secondary circuit S by
the cessation of the sparks the energy accn-
mulated in sunch cireuit will rosh into and
charge the condenser. A path of low self-
induction and resistance, includinga primary
M of a few turns, is provided to receive the
discharge of the condenser, when the circuit
8 is apgain completed by the passage of sparks,
the discharge being manifested as a suceces-
sion of extremely rapid impulses. The po-
tential of these impulses may be raised by a
secondary T, which constitutes the source of
current for the working cireuit or that con-
taining the devices R for utilizing the current.

By means of this apparatus effects of a
novel and useful character are obtainable, but
to still further increase the efficiency of the
discharge of working current I have in some
instancesprovided & means for forther break-
ing up the individuoal sparks themselves. A
device for this purpose is shown in Figs. 4
and 5. The box or case F in these figures is
fixedly secured to the frame or bearing of the
generator or motor which rotates the circuit-
controller in synchronism with ‘the alternat-
ingsource, Within said box is adisk D, fixed
to the shaft C, with projections d' extending

from its. edge parallel with the axis of the
shaft. A similar disk D” on a spindle d, in
face of the first, is mounted in a bearing in
the end of the box I’ with a capability of ro-
tary adjustment. The ends of the projec-
tions d' are deeply serrated or several pinsor
narrow projections placed side by side, as
shown in Fig. 4, so that as those of the oppo-
site disks pass each other a rapid succession
of sparks will pass from the projections of one
disk to those of the other,

What I claim as my inveution is—

1. The combination with a source of cur-

rent, of & condenser adapted to be charged.

thereby, a circuit into which the condenger
discharges in a series of rapid impulses, and
a circuit-controller for effecting the charging
and discharge of said condenser, composed of
conductors movable into and out of proximity
with each other, whereby a spark may be
maintained between them and the ecircuit
closed thereby during determined intervals,
as set forth, .

2. The combination with a source of alter-
nating current, of a condenser adapted to he
charged thereby, a circuit into which the con-
denser discharges in & series of rapid im-
pulses, and a cirouit-controller for effecting
the charging and discharge of said condenser,
composed of conductors movable into and out
of proximity with each other in synchronism
with the alternations of the souree,asset forth.

8. A cirounit-controller for systemns of the
kind deseribed, comprising in combination a
pair of angularly-adjustable terminals and
two or more rotating conductors mounted to
pass in proximity to the said terminals, as
set forth.

4. A cirenit-controller for systems of the
kind described, comprising in combination
two sets of condnetors, one capable of rota-
tion and the other of angular adjustment
whereby they may be broughtinto and out of
proximity to each other,at determinate points,
and one or both being subdivided so asto pre-
sent a group of conducting-points,assetforth.

NIKOLA TESLA.
‘Witnesses:
M. LawsoN DYER,
DRURY W. COOPER.

55

6o

65

7e

75

8o

85

8o

95



(Ko Model,) - . g2Bheets—SBhset 1.
' _ .N. TESLA. :
APPARATUS FOR PRODUCING ELECTRICAL QURRENTS OF
‘ ' HIGE FREQUENCY.

- No. 668,180, | : Patented Sept: 22, 18986,

" WITNESSES: ' cleela | mrentor

éméww - - ‘
ﬁ’*y“““%é Hows, G by,

208 A TTORNEYS



{No Modsl,)

- N.. TESLA

2 Bheets—8heet 2

APPARATUS FOR PRODUCING. ELEUTBIOAL ﬂURRENTS )3

No. 568,180.

EIGH FREQUENOY.

Patented Sept. 22, 1896.

|l H |u| i h‘l

Il \l|“ Mh’h

|l‘l HI i I ||

‘I,l ﬁ lm illll‘” \1|| il

!H

INIIiI .

WITRESSES:

INVENTOR.

o :



UNITED STATES

NIKOLA TESLA, OF

APPARATUS FOR PRODUCING ELECTR

SPECIFICATION forming paxt of Lietters Patent No. 577,670, dated February 23, 1887,

Application filed Beptember 3, 1396,

To all whom it may concern:

Be it known that I, NIEoLA TESLA, & citi-
zen of the United States, residing at New
York, in the county and State of New Yorl,
have invented certain new and useful Im-
provementsin Apparatusfor Producing Elec-
tric Carrents of Iligh Frequency, of which
-the fellowing is a specification, reference Le-
ing had to the drawings accompanying and
forming a part of the same.

The apparatus for converting electric cur-
rents of ordinary character into those of high
frequency, which I have heretofore shown
and described in applications for Letlers
Patent, has usnally comprised a condenser
and a circuit-controller operated Ly a suit-
able motive device and acting to altcrnately
charge the eondenser from a snitable sonree
of supply and discharge it through a cirenit
of such character as to render the discharge
oné of very high frequency. For many
purposes it has been found advantageous
to comstruet the circuit-controller with in-
sulating and condneting segments of equal
25 length, so that the condeuser is connected

with its discharge-cirenit dering one-half of

the time only. It follows from this that the
working ecircuit, or fhab in which the high-
frequency currents are developed in form for
3o practical application, receives such eurvents
"~ during only one-half the time. :
For eertain purposes it is desirable for
economical operation that there should be no
cessation of the flow of such currvents, and my
35 presentimprovements havebeen devised with
the object of inereasing the output of a given
apparatus by providing means by which,
without material additions to or complication
of such apparatus, high-frequency enrrents
may be produced thereby continuously or
without periods of rest.

Broadly stated, the improvement consists
in the combination of two condensers with a
circuit-controller of such character and so
operated by a single motive device as to
charge and discharge said condensers alter-
nately, whereby one will be discharging while
the other is being charged, and convevsely.

In the drawings hereto annexed, Figure 1
ie adingrammatic illustration of the arrange-
ment and circonit connections of the inven-
tion. Fig. 2 is 2 sectional view of a part of
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the commutator employed; and Fig. 3 is a
dipgram similar to that of Fig. 1, illugtrative
of a modified embodiment of the invention. 55

Let A B designate the two conduetors of
any eircuit from which the energy is derived
that is to be converted into a cnrrent of high
{requency.

C is a cirenit controller or commutator, a
portion ocaly for convenience being shown in
the figures. It is designed to be rotated by
any snitalle motive deviee, of whick, how-
aver, the shaft D oaly is shown, and its plan
of constraction is as follows:

The letters ¢ ¢’ desiguate two metal heads
or eastings with projecting portions d &,
whieh, when the two heads are brought to-
gother and secured to & hub or shaft, inter-
mesh, as shown in the drawings.

The spaeces between two adjacont projee-
tions ov bars dd'are equalin arc to the width
of oneof said barsand arefilled in with blocks
¢, preferably of metal, insulated from the other
conducting portions of the device. DBy the
interposition of wica or other suitable insu-
lating material {he two heads or castings ¢ ¢
areinsulated from each other. Upon the pe-
riphery of this commutator bear three hrushes
G G' I, the two former resting upon the con-
tinuous metallic portions of the two heads, re-
spectively, the latter being in position to bear
upon the projections d d' and bloeks e alter-
nataly.

In order that the brushes may be capable
of earrying any cutrent which the operation
of the apparatus may demand, they are made
of large cross-section, the brush M being ap-
proximately equal in width to one of the pro-
jections or segments d d', or to the space be-
tween adjacent segments, so that in passing
from one it comes info contact with the next,

The brush H is connected to the main B
through a primary coil K of low self-indue-
tion in inductive relation to a secondary L,
which constitutes the ultimate souree of tle
current of high frequency which the appara-
tus is designed to develop and which feeds a
circunit containing vacunm-tubes M, single
terminal lamps M’, or other snitable devices.
The brushes G G’ arve connected with the main
B through condensers N N', respectively, and
{o the main A through self-induction or chok-
ing coils O (', these latter being nsed in order
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that the inductive discharge of the accumu-
lated energy therein may be taken advantage
of in charging the condensers.

The operation of the apparatus thus de-
scribed is as follows: By the rotation of the
commutator C the brush I is cansed to pass
over the projections d, closing the cireuits
through the primary K and the two condens-
ersalternately. These two circuitsare soad-
jnsted as to have the same eapneity, self-in-
duetion, and resistance. When said brushis
in electrical connection with any projection
' from the part ¢, the circuit is closed be-
tween mains A and B through eoil O’, brush
G', brush I, and coil K. Energy is there-
fore accwmnlated in the cofl O'. At the same
time the condenser N' is short - cireuited
through the brush G', brush II, and coil K,
and discharges through this cirenit the en-
ergy stored in it, the discharge being in the
form of a series of impulses which induce
in the secondary L eorresponding impulses
of high potential. When brush I breaks the
circuit throngh coil O', the igh-potentinl dis-
charge or “kick ” from the latter rushes into
and recharges the condenser N’, but as soon
s the brush I has passed over the interven-
ing Dblock ¢ and reached the next segment d
it closes the cirenit through eoil O and short-
circuits the condenser N, so that high-fre-
quency corrents from either one orthe other
of the two condensers are flowing through the
primary K practieally without interrnption,
Thus without increasing the size or power of
the motive device or complicating in any ma-
terial degree the commutator thesedevices are
made to perform double duty and the output
of the appuratus as a whole greatly increased.
In Fig. 31 have illustrated a modified form of
commutator for this apparatus, which com-
prises a disk E, of metal, but insulated from
its shaft. The periphery of this disk is di-
vided intoconducting and insulated segments
by the insertion therein of insulated metal
blocks /. The circumferential width of these
blocks is three times that of the conducting-
segmonts . A brush T bears upon a con-
tinnous metallic portion of the disk or upoua
continnouns ring in electrical connection with
the segments f” and is conneeted with one ter-

minal of the primary K. Brushes I T bear
upon the periphery of the disk T and are con-
neeted fo the main 13 through the two con-
densers, respectively. These brushes are ea-
pableof angularadjustment, so that they may s
be set to bear npon the disk at any two de-
sired points.

From the explanation of the operation al-
ready given it is evident that when the two
brushes T' I are set so that one leaves a seg-
ment ' at the instant that the other comes
in confact with a segment F* the effect in
charging and discharging the condensers i
the same as in the previous instance. The
capability of varying the relations of the 6
brushes, however, which this forn possesses
has the advantage of permitting not only an
alternate charging and discharge of the con-
densers, but their simultaneous charging and
discharge in multiple are, whereby the {re- 7
quency of the eurrent of discharge is reduaced.

It is also evident that all phase differences
in the charging and discharging of the eon-
densers may in like manner be secured and
the frequency varied within wide limits. OF 7
course the same motor and civenit-controller
might be made to charge more than two eon-
densers in succession and to discharge them
in the same order,

What I elaim is— 8

1. The combination with a source of elec-
tric energy, of a plurality of condensers and
g discharge-cirenit therefor, o motive device
and a circuit-controller operated thereby and
adapted to direct the encrgy of the source §
into the condensers and connect them with
the discharge-circuit successively and in al-
ternation, as set forth.

2. The combination with a source of elec-
tric energy, of amotive deviee, two condens-
ers, a civeuit-eontroller adapted to direet the
energy of the source alternately into the said
condensers, and a discharge-cirenit through
which, by the operation of said cirenit-con-
troller one condenser discharges while the 9
other is being charged, as set forth.

NIKOLA TESLA,

Witnesses:

M. Lawsox DYER,
DruryY W, COOPER.
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UNITED STATES

PATENT OFFICE.

NIKOLA TESEA, OF NEW YORK, N. Y,

'APPARATUS .FOR PRODUCING CURRENTS OF HIGH FREQUENGY.

. '3PECTFICATION forming part of Letters Paten® Ne. 583,053,

E

Vo otdd sifvazn il frrerys conrierifs T e

S i kaown that [, NIRoLA - TESLA, nelil-

aenofthe United Stales residingas Now York,

~ oin Y enunty il Stade of New York, have in:

5 veitled edrinin néw andisefnl Diprovements

T i A ppicrittus for Producing Currents'of High

Fréueney; of which the foflowiig’is speeili-

eation, reforence being had 00 the driviigs

“neeompanying ‘and forming a parlol*

“1oosme. T e AR e

. The invention wpmir-whiich-niy present-ap-
plieation 13 lased 15 an impravoment in appa-
_ratns for the conversioi, of electricil currents’
"ol onliuary character—asich; for inatince, as.
“are obiaipalde from the maius 6 muiiéipal-|
clecirie light and power. systems and elthor]

: 15

_continuons’ ur ‘alternaling—int 6 eilrre
very higli frequeney il potential. - - -

i of

The impwoveinent is applicable ;,-'em‘:ﬁi'l'f._\". to:

apparatus of the kind heretofore invented by

e amlanore parlienlagly deseribedin Urilfed:

States Lelters Ualent granted to me oli Sep-
tember 22, 1546, No, 568,176; bat in the de-
seription of the fnvention which follows the
illustrativn isconfined 1o a furu of apparatus

11

e

designed for couverting a continuous or di-’

reet eurrent into goe of high-Trequeney. In
the severn] formns of apparmtus for this prr-
pose which T have devised and heretofore de-
seritnal T hve employed a cireuit of high self-
pulotion éonneeted with tho -maing. from &
suitable =guree of eurrent and: containing

some form ol ¢irenit-controller for periodics |

adly interrupting it. - Around the break or
point of interrupiion I have arranged a cun-
“denser, into whieh the circnitdischarges when
Cinzereupted, and this condenser is In turn

tade Lo discharge through a cirenit coutain-

ing the primary of a transtormer, and-ol such
charucler Uiat '1he condenser-discharge will
be in the form of an extremely rapirl sncees-
sion of impulses. - | _

Now in order to secure in an apparatus of
{his kind as high frequency as possible @
45 the advantages resulting therelrom I subidi-

vide the condenser necessary for storving the
energy required into integral parts or provide
independent eondensers, il enploy neans
For hieging said comdensers in muliipleand

I Referring to Fig 1A s
ho-{ tain] ! _
“nals ave-d @h.b, respéctively.. O this case -
is moiinted a'small-electromaguetic motor 13,
‘by thig'shalf of which isopérated the circuit- * -

@sted June B, 1897.

Apelicaton Sied Detober 16,1896, Rerl) o 609,29%.. {Ho sicdely -

_’mtﬁs Is-ﬁ iﬁhgteﬁbl’f'féry" oo:,usi:lor.-t!ﬂe -diﬁi‘_-
cilty, bat.I'bave accomplished it Ly, meana
_of tho apparatns whiel {-shall now proceed

- -Figare 1 I3'a sido'elevation of the nppare-
tus witieh T emyiloy, ind Fig ¥is it diagram
of theé-cirenit’econnections: - o et
: 4 box oy case con-
{piizing the condeniers; of “which the termi-

controller €., Upou: e xajd controller bear
‘brushes, ayshown at D D" DD
. F E aro sell-induction cuils placed beside
(tha motor: . Abuve {hesd is the transfoimer,
compised; essentially; of a primary G and a

I'secondary 117 These deviees are intended Lo

‘be fiitlosed in‘a suitilio box or cise, and niay
be very greatly modified-in construction and
‘relativearrnugenient, Thévircwit-cuntroller,
‘Jipwever, should -conform in general prinei-

Seribed in so far as may bo necessary to so-
eure the operation potuted out.

tween which n. eirenit is formed, including

controlier C. A switeh oJ may bo employed
ta bring either or both of the coils I Finlo
this eireuit, as may be desired.”

Theé eivcult-controller iy built up-of insw-
lated platesor segmenty, upon which Lthe post.
tive and negative brushes bear, and "these

sets or classes, first, theé plates m for what

gether, ad the corresponding plateés -n for
what may similarly be considered as the neg-
ative hrushes E E in the other vosw; sceond,;
the plates ¢, which lein both rews, and henee

tendding neross the controtler, and, third, the
idle or spacing platoes p, which are interposed
in vach vow between the other twosets, The
angle between adjacent plates of the same
; sl s eyl to the angle of displaccwent le-

56 disetarging them e sevivs Vhirowgh the pri- { 1ween adjacent brushes of the same sign, and

mary of 1he transfopmer,  To ~cvitte this re-
Al witheut andoly complicating U appa-

| abviously there may be iwo or more of eaceli.
‘Cho Lrush D of one set is conueeled with one

ple-of constrnction 1o that herciuafter de-

thée-self-indunction eoils F I and the cireunit-

are convenienlly made in single picees ox-.

55

to-deseribe by reforbnde to tlie drawings. - -
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 Referring now {o Fig. 2, L Lidesignate the
mains from a suitablé source of supply, be-

S0

.8'5

plates may be considered as belongingtothree

may be counsidered as the positive Lrushes go
D D"in one row, electricilly eonnected to-

a5
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main through the coils F,and cach one of the |

broshes of the same. set. is conuected to one
of the torminals'of the condensers M N, re-
apeetively.. ‘Similarly the bpush Eof the other
set of .brushics. is .conmoeied to- the _oppasite
‘main and-each’ of the’brushes of said setto

. tho apposite condenser terminals I.hroufh t%m
n the |.a.
dmgrxm, Fig'2 Ihnveﬁhownhut.twobrnshg.‘s At

primary-or strands of_ s primary G,

" 1o in each set “and two condensers, . but. méie |
" - thanthis namber may be used, the sayic.plan |-

- on.plates vi siz and 1 5.  Cansequently e éir 1

20

.. "densersdin muliip! "
5 grry had. Ueen® e i ia.pa mils, 1he ol
densers will.ihiis be eharged 5 T now: by Ahe.
movement of the controllaFlites ot Lriushies |

- ‘_ﬂ:c latter nreshifled nerossilieidle orspie- | d
-ing plates poiito thelong or crusq-munccl.cd

. are connected in serles lhmu-rh o ptimary. '

30

of connectionsshown’ and descrlbeul bemg {oi-
Iowed ont.;. . .
< In-the po.s;tmu uf tha part.s showu m | F

t‘5 2, dn- whichvtwo positive.and two negatives

brushes aré’ shqwn the brushes are bczl.rinfr

cuit t.hrough the c«pil*; ¥ I7 ia. through thecon-3
: %

platos  {woe resulls follow: The mains.are
shorl—clmmled through 1le coils I F, awhich
therefore store” encrey; while the: copdonaem

coil or coils Gi.  Theso. :\ctlous are repeited
Ly the further. movelent. of the .con{roller;.
thocondensers being eharged in paralfel when'
the bruslleé are on platés m i and digrhargad

“in series when the hfushes pass onto plal.t.mn.

B ."The, motor-may be run by an independent

35
- and 1he apparalus. may be employed to sup-

- 49

45
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souree or by eurrent derived from the nmins,

ply curreit for mn'sun.uble devices ST, con-
nected with the qeLundnr,\ eail 11 :
“As stated above, the specilie constrnction
of the cireuit-controller may be v ery grc.ltl_‘,
varied withoot departure from the invention.
In the drawings the plates are assumed to be

assoeiated in {le form of & eylinder which T

revolves with respect to broshes bcarlng [}
its perlpher\' but it will e understond 1hat
thix is merely o typieal illustrution of any
forme of terminals. or contacls and condue-
tors, whether rolary-or reciprocating, whieh

~ eonstitule a cirenit-econiroller cupnhlc nf ef-1. .

fe«.lmg {Ti¢ same resulls

583,953

"Tho advantages resulting from the subdi-
‘u plarnlity of condensers are mainly that a
high frequency is ocbtainnble in apparatus of
anysize; ibatthe currentof diseharge through

uuur_\ to suéh contactx lherch\' avuided amd

W hat l'“(-lmm s

“1:- T an- .lmmmtus u[ the kiml c]mrlbﬁ]
dlne ‘vombination with a sel of. o(ml.lch, ane
-of.which is adapted for conncetion with one
cof the mains from a source of current, and
“encli of which i iy connected to one of the Lor-
“ininalys ol Avseries of. condcuscr-:, and. n see-
~pind ot ol cnulﬂct-. similarly connoc¢ied (o 1he
op]ms:l(. main mul eondenser {erminals, re-
“speefively, of; cleetrically-conticétéd plajes or
segments upnn wltich the contacts of the first
A henry: ,sumlnrlyncmlm-cmi plnteq upuu

11it

“of Gontaets; lhc s.ud plales hoing arnn"ml in
sthe. manner deseribed, \almrcln' the mmlem-
ers " will. be alternnte I\' ¢ mlwul in wnltiple
and: l]lst('llcll'"(.‘ll in series; as set forth.

the wmbunlmn withi set of positive brushes,

tone.of whiel is adupted for comneetion w ith
“onc of. 1the mains. l'rom a source of currenl,

and enchof \}'llitll in conne(.lcd o vhe of the
-levininals of aseriek of condoensers, and nega-
-tive bryshes similarly connected ta the appr-
site main and condenser termwmhitly, respee-
tively, of a cylinder composed of clor ll‘I{..l"} -
cmmﬂteql segments-upon which the positive
brushes only bear, similarly-connected sey-
ments wpon which t.he u_c;::ni\'o Lrushes only
bear, and isolated plates upon which both
sels of brushes siwultaneonsly Ledir, e said
plaies Leing arranged in the manucr de-
seribod, \\hcwb} thie condensars will Le alter-
nately r.lmrg,'ed in multiple mu] dizeliareed in
sone*, as set forth.

Xll{()l..\:'l'l'lsl.:\.
W 1luem~:~.

AL Law SOX, Ih ER,
DRy W, Coorse,

vision of the condenser or the employmenti of

'nm-r m \urc in lllc bm:omlar\ of

-2 Tuan apparatus of the kind deseribed,

35

the’ shdmg conticts- s greatly reduced. and
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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
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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 eorresponds 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 miles 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
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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

40

45

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, oirenit 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 -
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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

30

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,
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- 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 Mareh.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 explanationof the

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

" . conducting the atmosphere through which

25

‘30

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-mnearly 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, Obviouslythe -

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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.condenser,
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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 npparatus which it

ls desired 1o operate and another instrument
or device for alternately closing and opening
the circuit. This latter may be any form of
cireutt-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 description 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 nusofn! 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 ecirenit,

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 composed of two very thin con-
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 eircuit,

‘inelnding 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, & 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
cireuit, 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 a 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
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. electromotive orce; but whatever apparatus
- hausted to

10

5

20

3o

35

_ terminal ¢, the stored energy i3 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
aluminium, 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, resalts 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

Intensity 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 oir.
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 radiaat en-

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 sitbjected 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 is -

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, 685,958, 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 conductors
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

40

45

50

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 orcontrol 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,
1 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-plates? ¢, 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 continue, 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 ecurrent
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 streamsare
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-

25

30

35

40

45

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-
erence 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.

50

55
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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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UNITED STATES

PaTENT OFFICE.

NIEOLA TESLA, OF SMILJAN LIEA, AUSTRIA-HUNGARY, ASSIGNOR TO THE
TESLA ELECTIRIC LIGHT AND MANUFACTURING COMPANY, OF RAHWAY,

NEW JERSEY.

COMMUTATOR FOR DYNAMO-ELECTRIC MACHINES.

SPECIFICATION forming part of Letters Patent No, 334,823, dated January 26, 1586.

Application filed May 6, 1885. Serial No. 164,52,

To all whom it may concern:

Be it known that J, Nimori Tesra, of
Smiljan Lika, border conntry of Austria-Hun-
gary, have invented an Improvement in Dy-

5 name-Electrie Machines, of which the follow-
ing is a specification.

My invention relates to the commutators
on dynamo-electric machines, especially in
maéhines of great electromotive force, adapted

10 to arc lights; and it congists in a device by
means of which the sparking on the commu-
tator is prevented

It is kuown that in machines of great elec-
tromotive force—snch, for instance, as those

15 used for are lights—whenever one commutator
bar or plate comes ont of contact with the col-

lecting-brush a spark appears on the commu-

tator. 'This spark may be due'to the break of
the complete cirenit, or of a shunt of low re-
20 sistance formed Dby the brush between two or
more comtnutator-bars. In the first case the
gpark is more apparent, as there is at the mo-
ment when the cirenit is bioken a discharge
of the magnets through the field-helices, pro-
25 ducing & great spark or flash which canses an
nnsteady carrent, rapid wear of the commn-
tator bars and brushes, and waste of power.
The sparking may be rednced by various de-
vices, such: as providing a path for the enr-
30 rent at the moment when the commutator
segment or bar leaves the brnsh, by short-cir-
cniting the field-helices, by increasing the
number of the eommutator-bars, or by other
| similar means; but all these devices are ex-
35 pensive or not fully available, and seldom at-
tain the object desired. '
My invention enables me to prevent the
sparking in a simple manner, ¥or this pur-
pose I employ with the commutator- bars
4o and intervening insulating material mica, as-
bestus paper or other insulating and prefer-
ably incombustible material, which I atrange
to bear ou the surface of the commutator,
near to and behind the brush.

My invention will be easily understood by
reference to the accompanying drawings.

In the drawings, Figure 1 is a section of a
commutator with an asbestns insulating de-
vice; and Fig. 2 is a similar view, represent-
50 ing two plates of mica npon the back of the

brush.
In Fig. 1, C represents the commutator and

45

(No model.}

intervening insulating material; B B, the
broshes. d d are sheets of asbestos paper or
other snitable non-conducting material. f f 55
are springs, the pressure of which may be ad-
justed by means of the serews g g.

In Fig. 2 a simple arrangement is shown
with two plates of miea or other material. It
will be seen that whenever one commutator-
segment passes out of contact with the brush
the formation of the are will be prevented by
the intervening insulating material coming in
contact with the insulating material on the
brush.

My invention may be carried out in many
ways; and I do not limit myself to any particn-
far device, as my invention consists, broadly,
in providing a solid non-condancting body to
bear upon the surface of the commutator, by
the intervention of which body the sparking
is partly or completely prevented.

I prefer to use asbestns paper or cloth im-
pregnated with zinc-oxide, magnesia, zirconia,
or other suitable material, ag the paper aund
cloth are soff, and serve at the same time to
wipe and polish the commutator; but inica or
any other snitable material may be employed,
said material being an insulator or a bad con-
ductor of electricity.

My invention way be applied to any elee-
tric apparatns in which sliding contacts are
employed.

I ¢laim as my invention—

1. The ecombination, with the commutator-
bars and iutervening insulating material and
brushesinadypnamo electric machine, of asolid
insulator or bad conductor of eiectricity ar-
ranged to bear upon the surface of the com-
mutator adjacent to the end of tbe brush, for
the purpose set forth,

2. In an electricapparatus in which slidiog
contacts with intervening insulating material
are employed, the combination, with the con-
tact springs or brushes, of a solid insulator or
bad conductor of electricity, as and for the
purposes sct forth.

Sigued by me this 2d day of May, A. D.
1885.
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NIKOLA TESLA.

Witnesses:
GEeo. T. PINCENEY,
‘WiLniaM G. MotTr.
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UNITED STATES

PaTENT OFFICE,

NIKOLA TESLA, OF SMILJAN LIKA, AUSTRIA-HUNGARY, ASSIGNOR TO THE
TESLA ELECTRIC LIGHT AXD MANUFACTURING COMPANY, OF RAEHWAY,

NEW JERSEY.

REGULATOR FOR DYNAMO-ELECTRIC MACHINES.

SPECIPICATION forming part of Letters Patent No. 336,961, dated March 2, 1886,
: Application Aled Alay 15, 1885, Serlal Fo. 163,793, (No maodel)

To all whom it may concern:

Be it known that I, N1koLA TESLA, of Smil-
jan Lika, border country of Austria-Hungary,
have invented an Improvement in Dynamo-

5 Electric Machines, of whieh the following is a
specification.

The object of my invention is to provide an
improved method for regulating the carrent
on dynamo-electric machines.

10 In myimprovement I make nse of two main
broshes, to which the eunds of the helices of
the field-magnets are connected, and an anxil-
iary brush and a branch or shunt connection
from an intermediate point of the feld-wire

15 to the aopxiliary brush.

*The relative positions of the respective
brushes are varied, either automatically or by
hand, 8o that the shuot becomes inoperative
when the auxziliary brosh has a certain posi-

20 tion upon the eommutator; but when said aux-
iliary brush is moved in its relation to the
main brushes, or the latter are moved in their
relation to the auxiliary brush, the electric
condition is disturbed and more or less of the

25 current throngh the field-helices is diverted
throngh the shunt or a current passed over
said shunt to the field-helices. :

By varying the relative position upon the
commutator of the respective brushes auto-

1o matically in proportion to the varying elec-
trical conditions of the working-cireuit the
current developed can be regulated in pro-
portion to the demands in the working-eircuit.

Devices for antomatically moving the

3§ brushes in dynamo-electric machines are well
known, and those made use of in my machine
may be of any desired or known charaeter,

In the drawings, Figure 1 is a diagram illus-
trating my invention, showing one coreof the

40 field-magnets with one helix wound in the
same direction throughout. Figs. 2 and 3 are
diagrams showing one core of the field-magnets
with a portion of the helices wound in oppo-
site directions. Figs. 4 and b arc diagrams

45 illustrating the electric devices that may be
employed for automabically adjusting the
brashes, and Fig. 6 is a diagram illestrating
the positions of the brushes when the macbine
is heing energized on the start,

50 aandbarethe positive and negative brushes

of the main or working circuit, and ¢ the aux-
iliary brush. The working-cireuit D extends
from the brushes ¢ and b, as usnal, and con-
taing electric lamps or other devices, D' either
in series or in multiple are.

55
M M’ represent the field-helices, the ends of

which are eonnected to the main brushes e
and b. The branch or shant wire ¢’ extends
from the anxiliary brush ¢ to the circnit of the
field-helices, and is connected to the same at
an intermediate point, X.

H represents the commutator, with the
plates of ordinary construetion. It is now to
be understood thatwhen the auxiliary brush

¢ oceupies such a position upon the comma-

tator that the electro-motive force between the
brashes ¢ and ¢ is to the electro-motive force
between the brushes ¢ and & as the resistance
of the circait @ M ¢’ ¢ A to the resistance of
the circait b M’ ¢ ¢ B, the potentials of the
points X and Y will be equal, and no carrent
will Aiow overtheauziliary brush; butwhen the
brush ¢ oeenpies a different position the po-
tentials of the points X and Y will be differ-
ent, and a carrent will flow over the anxiliary
brush to or from the commutator, according
to the relative position of the brushes. If,
for instance, the commutator-space between
the brushes « and ¢, when the latter is at the
pentral point, is diminished, a2 current will
flow from the point Y over the shunt C to the
brash b, thos strengthening the current in the
part M, and partly nentralizing the cuarreunt
in the part M; bat if the space between the
brushes a and ¢ is increased, the current will
flow over the auxiliary brush in an opposite
direction, and the corrent in M will be
stregthened, and in M’ partly neutralized.

By combining with the brushes a, b, and ¢
any known automatic regulating mechanism
the current developed can be regulated in
proportion to the demaunds in the working-
cirenit. The parts M and M’ of the field-wire
may be wound in thesame direction. (Inthis
case they are arranged as shown in Fig.1;or,
the part M may be wound in the opposite di-
rection, as shown io ¥igs. 2 and 3.)

It will be apparent that the respective cores
of the field-magnets are subjected to the neu-
tralizing or intensifying effects of the current
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in the shunt through &, and the magnetisin of
the cores will be partially feutralized or the
poiot of greatest magnetism shifted, so that it
will be more or less remote from or approach-
ing to the armature, and hence the aggre-
gate energizing actions of the field magnets
on the armature will be correspondingly
varied. '

In the form indicated in Fig. 1 the regnla-
tion is effected by shifting the point of great-
est magnetism, and in Figs. 2 and 3 the same
effect is produced by the action 6f the cur-
rent in the shant passing through the neu.
tralizing-belix, '

" "The relative positions of the respective

brushes may be varied by moving the auxil-
iary brush or the brush ¢ may remain qui-
escent and the corep be connected to the main-
brnsh holder A’, s0 as to adjust the broshes
a.b in their relation to the brush ¢. If, how-
ever; an adjustment is applied fo all the
brushes, as seen in Fig. 5, the solenoid should
be connected to both A and C, so0 as to0 move

_ them toward or away from each other,

25

ao

35

40

Thére are several known devices for giving
motion in proportion to an electric current.
I have shown the moving cores in Figs. 4 and
b as ¢onvenient devices for obtaining the re-
guired extent of motion with very slight
thanges in the curreut passing through the
helices, It is understood that the adjustment
of the main brushes causes variations in the
strength of the eurrent independently of the
relative position of said broshes to the gnx-
iliary brush. 1In all cases the adjustment may
be sach that no cirrent flows over the anx-
jliary brush when the dynamo is ronning with
its normal load. _ .

In Figs. 4 and 5, A A indicate-the main-
brush bolder, carrying the main-brushes, and
C the auxiliary-brush holder,carrying the anx-

- iliary brush. These brash-holders are mova-

45

ble in arcs concentric with the center of ‘the
comumulator-shaft. An iron piston, P, of the
solenoid 8, Fig. 4, is attached to the auxiliary-
brush holder C. The adjustment is effected
by means of a spring and screw or tightener,

In Fig. b, instead of a solenoid, an’iron tabe
inclosing a coil is shown. . The piston of the

coil is attached to both brush-holders A A and so
€. 'When the brashes are moved directly by
electrical devices, as shown in Figs. 4 and b,
these are so constructed that the force exerted
for adjusting ia practically upiform through
the whole length of motion. ‘

T am aware thatanxiliary brushes have been
used in conmection with the helices of the
field-wire; but in these instances the helices
received the entire current throogh the anx-
iliary brush or brushes, and said brushes conld 6o
not be taken off withont breaking the cirenit
throogh the field. These brusheg cansged,
however, a great sparking wpoan the commu-
tator. In my imwprovement the anxiliary
brash causes very little or no sparking, and 65
can be taken off withont breaking the circuit

| through the field-helices.

My iiprovement has, besides, theadvantage
to facilitate the self-exciting of the machine
in all ‘cases where the resistance of the field-
wire is very great comparatively to the remst:
ance of the main circuit at the start—for in-
stance, on arc-light machines. In this case I
place the auziliary brush e near to or in pref-
erence in contact with the brush b, as shown ia
Fig. 6. In this manner the part M is éom-
pletely eut out, and as the part M has a con-
siderably smaller resistasce than the whole
lengih of the field-wire the machine execites
itself, whereupon the auxiliary brosh isshifted 8o
automatically to its normal position.

I claim as my invention— . :

Theé combination, with the commutator bav-
ing two or more main brushes and an anxil-
jary brush, of the field - helices having their 85
ends conneeted to the main brushes, and a
branch or shant connection from an interme-
diate point of the field-helices to the auxiliary
brush, and means for varying the relative po-
sition upon the commutator of the respective ge -
brashes, substantially as set forth. o

Signed by me this 13th day of May, A. D.
1885,
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NIKOLA TESLA.
Witnesses: =~
GEeo. T. PINOENEY,
WALLACE L.. SERRELL.
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UNITED STATES

PATENT OFFICE.

NIKOLA TESLA, OF SMILJAN LIKA, AUSTRIA-HUNGARY, ASSIGNOR TO THE
TESLA ELECTRIC LIGHT AXD MANUFACTURING COMPAXNY, OF RAHWAY,

NEW JERSEY.

REGULATOR FOR DYNAMO-ELEGTRIC MACHINES.

SPECIFICATION forming part of Lotters Patent No, 336,962, dated Maroh 2, 1686,
4 pplication Bled June 1, 1885. “Berfn) No. 167,106, (No modsl)

To all whom it may concern:

Be it known that I, N1RoLA TESLA, of Smil-
jon Lika, border country of Austria-Hua ngary,
have invented an Improvement in Dynamo-

5 Eleetric Machines, of which the following isa

specification.

My invention is designed to provide an im-
proved ‘method for regulating the current in
dynawmo-electric machines,

In another application, No. 163,793, filed by
me May 18, 1885, I have shown a method for
regulating the current in a dynamo having
tbe field-helices in a shunt. My present ap-
plication relates to a dyramo having its field-
15 helices connected in the main circuit.

In my improvement I employ one or more
auxiliary brushes, by means of which I shunt
& portion or the whole of the field-helices,
According to the relative position upou the

20 commutator of the respective brushes more or
less current is cansed to pass thromgh the
helices of the field, and the current develaped
by the machine can be varied at will by vary-
ing the relative positious of the brushes.

25 In the drawings the present invention is
illustrated by diagrams, which are hereinafter
separately referred to. :

In Figure 1, ¢ and b are the positive and
negative brushes of the main cirenit, and ¢

30 an auxiliary brusb, The main cirenit D ox-
tends from the brushes « and b, as usnal, and
contains the helices M of the field-wire and
the electric lamps or other working devices.
The auxiliary brush ¢is connected to the point

35 # of the main circuit by means of the wire ¢

H is a commutator of ordinary construction.
From that which has been said in the ap-
plication above referred to it will be seen that
when the electro-motive force between the

40 brushes a and ¢ is to the electro-motive force
between the brushes ¢ and b as the resistance
of the cirenit a M ¢' ¢ A to the resistance of
the circuit ? C B ¢ ¢’ D, the potentials of the
points z and y will be equal, and no earrent

45 will pass over the auxiliary brush ¢; but if
said brush oceupies a different position rela-
tively to the main brushes the clectric condi-
tion is disturbed, and current will flow either
from yto « or from z to y, according to the

so relative position of the brushes. In the first

10

-intheoutgoing and the other partin the return

case {he current through the field-helices will
be partly neutralized and the magnetism of
the field-magunets diminished. In the second
case the corrent will be increased and the
magnets will gain strength. By combining
with the brushes a b ¢ any automatic regulat-
ing mechauism the current developed can be
regulated antomatically in proportion to the
demands in the working-cirenit.

In Figs. 6 and 7 I have represented some of
the antomatic means that may be used for
moving the brushes. The core P, Fig. 6, of
the solenoid-helix 8, is connected with the
brosh ¢ to move the same, and in Fig. 7 the
core P is shown as within the helix S, and
conneeted with both brushes a and ¢, 50 as to
move the same toward or from each other,
according to the strength of the current jn the
helix, the helix being within an iron tube, S,
that becomes magnetized and increases the 7¢
action of the solenoid,

In practice i$ is sufficient to move only the
auxiliary brosh, as shown in Fig. 6, as the
regulation is very seositive to the slightest
changes; but the relative position of the anx- 75
iliary brush to the main brushes may be varied
by moving the main brushes, or both main
and auxiliary brushes may be moved, asillus-
trated in Tig. 7. Io the latter two eases, it
will be understood, the motion of the main
brushes relatively to the peutral line of the
machine caoses variations in the strength of
the current independently of their relative
position to the auxiliary brush, In all cases
the adjustment may be such that when the
machine is ranoing with the ordinary load no
current flows over the auxiliary brash.

The field-helices may be connected asshown
in Fig. 1, or a part of the field-helices may be

55
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circuit, and two auxiliary brushes may be
employed as shown in Fige. 3and4. Instead
of shunting the whole of the field-helices, a
portion only of such helices may be shunted,
ds shown in Figs. 2 and 4,

The arrangement shown in Fig. 4 is advan.
tageous, as it diminishes the sparking upon
the commutator, the maia cirenit being ¢losed
through the anxiliary brushes at the moment
of the break of theeirenit at the main brushes, 100

93
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_The field-hélices ma§ be wound in the same
direction, or a part may be wound in opposite
directions. ‘

. The connection between the helices and the
5 suxiliary brush or brushes may be made by a

wire of small resistance, or a resistance may

be interposed (R, Fig. b) between the point =

and the anxiliary brush or brushes to divide

the sensitiveness when the brushes are ad-
10 justed, '

I am aware thatit is not new to useauxiliary
brushes on the commutator, and thatanxiliary
brushes bave beén connected to the field heli-
ces; but I am nob aware that the helices of a

15 series dynamo hare been shunted by means of
auxiliary broshes, and that the relative poai-
tion of the respective brushes has been varied
for the purpose of regulating the enrrent de-
veloped by the machine. _

In instances where anxiliary brushes have
been used in connection with the field-helices

20

gaid auxiliary brushes received the current
covtiinously and caused greaf sparkinog,
whereas in my invention the anxiliary brosh
receives current only when the normal elec- 25
trical conditions of the cireunit are disturbed.

I claim as my invention— : :

The combination, with the commutator and
main brushes and one or more auxiliary
brushes, of the field-helices in the main tir- 30
cuifs and one or more shunt-connections from
the field-helices to the auxiliary brushes, the
relative positions npon the commutator of the
respective brushes being adjustable, for the
purpose set forth, : ‘ .o

Signed by me this 16th day of May, A. D.
1885.
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NIEOLA TESLA.

Witoeases:
GEo, T. PINCENEY,
WALLACE L. SERRELL.
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Fo all whom i¢ may concern:

Be it known that I, Nrxora TB81.Y, from
Smiljan Lika, border country of Austria-Hun-
gary, have invented certain Improvements in
Dynamo-Tileetric Machines, of which the fol-
lowing is a specification.

In other applieations T have shown the com-
matator of o dynamo-machine with the main
brushes conuected in an electrie cireuit, and
oue or moreauxiliary brashes serving to shunt
a part or the whole of the field-coils, the regu-
lation of the current being effected by shifting
the respective hrushes automatically upon the
commutator in proportion to the varying re-
sistances of the cirenit.

My present invention relates to the meehani-
el deviees which I employ to effect the shifs-
ing of the brushes, .

My invention is elearlyshown in the accom-
panying drawings, in which Figure 1isan ele-
vation of the regulator with the frame partly
in section; and Iig. 2 is a scction at the line
ww, Fig, 1.

C is the commutator; B and B, the brush-
holders, B carrying the main Lroshes o o
and B the auxiliary or shunt brushes 4 6. The
axis of the brush-holder Bissupported bytwo
pivot-serews, p». The other brush-holder, B,
has a sleeve, d, andis movable around the axis
of the brasb-holder B. In this way Dboth
brush-holders can turn very freely, the fric-
tion of the parts heing reduced to & mininium.
Over the brush-holders is mounted the solen-
oid 3, which rests upon a forked column, c.
This column also affords a supportfor the piv-
ots p p, and is fastened upon a solid bracket
or projection, I, which extends from the base
of the machine, and is preferably cast in one
plece with thesame. The brush-holders BB’
are connected by means of thelinks ¢ ¢and the
cross-piece I to the iron core T, which slides
freely in thetube 1 of thesolenoid, Theiron
core I has a serew, %, by means ol which it
can be raised and adjusted in its position rel-
atively to the solenocid, so that the puall ex-
erted upon it by the solencid is practically
uniform throuch the whole length of mo-

ton which is required to effect the regulation.

ceb the adjustment with a greater

Inorder to eff

|

precision the eore 1 is provided with a small
iron screw, s The core being first brought
very nearly in the required position relatively
to the solenoid by means of the serew s, the
small serew & is then adjusted until the mag-
netie attraction upon the coreis the samewhen
the core isin any position. A convenient stop,
1, serves to limit the upward movement of the
iron core.

To eheck somewhat the movement of the
core I, a dash-pot, K, is nsed. The piston L
of the dash-pot is provided with a valve, V.
which opens by a downward pressure and al-
lows an easy downward movement of the iron
core I, but closes and checks the movenient of
the core when the same is pulled up underthe
action of the solenoid.

To balance the opposing forces, the weight

of the moving parts, and the pnll exerted by
the solenoid upon the iron core, the weights
W W may be used. The adjustment is such
that when the solenoid is tvaversed by the
normal current itis just strong enough to bal-
ance the downward pull of the parts.
- The electrieal circuit-connections are sub-
stantially thesame, as indicated in my former
applications, the solenoid being in series with
the circuit when the translating devices are
in series andin a shunt when the deviees are
in multiple ave.

The operation of the device is ag follows:
When upon a decrease of the resiztance of the
cirenit or some other reason the current is in-
creased, the sclenoid S gains in strength and
pullsupthe ivon core I, thus shifting the main
brushes in the direction of rotation and the
auxilinry brushes in the opposite way. This
diminishes the strength of the current until
the opposing forcesare balanced and the solen-
oid is traversed by the normal current; but
if from any cause the eurrent in the cireuit is
diminished, then the weight of the moving
parts overcomes the pull of the solenoid, the
iron core I descends, thus shifting the brushes
the opposite way and inereasing the current
to the normal strength. The dash-pot con-
nected to the iron core I may be of ordinary
construction; but I prefer, especially in ma-
chines for are lights, to provide the piston of
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the dash-pot with a valve, as indicated in the
drawings. This valve permits a compara-
tively easy downward movement of the iron
core, but checks its movement when it is
drawn up by the solenoid. Such an arrange-
ment has the advantage that a great number
of lights may be put on without diminishing
the light-power of the Jamps in the cireuit, as
the brushes assume at once the proper position.
‘When lights are cut ont, the dash-pot acts to
retard the movement; but if the current is
considerably increased the solenoid gets ab-
normally strong and the brushes are shifted in-
stantly. o ’ ’

The regulator being properly adjusted,lights
or other devices may be put on or out with
scarcely any perceptible difference.

It is obvious that instead of the dash-pot any
other retarding device may be used.

I claim as my invention— )

1. Thecombination, with the main and aux-
iliary brushes, of two brush-holders, an axis
fastened to one of the brush-holders, support-
ing-screws for the same, a sapport for the other
brush-holder surrounding the axis, a solenoid,
a core for the same, and links connecting the
core to the respective brush-holders, substan-
tially asset forth.

2. The combination, with the brushes, brush-
holders, and the axis upon which the brush-
holders swing, of a solenoid and core, con-
nections from the same to the brush-holders,
and an adjusting-screw to limit the movements
of the core, substantially as set forth.

3. The combination, with the brush-holders
and their axes, of a solenoid and core, and a
connection from the core to the brush-bolders,
and an iron screw at the inner end of the core

35

to adjust the action of the magnetism on the -

core, substantially as set forth. .
4. The combination, with the brushes, the
brush-holders and their axes, of a solenoid and

40

core, and connections tomove the brush-hold- *

ers, and a dash-pot provided with a valve,
substantially as described, to diminish the
speed of movement of the core in one direc-

tion more than the other, substantially as set’

forth.

5. The combination, with the brushes, the
brush-holders and their axes, of asolenoid and
core, and connections to move the brush-hold-
ers, and a dash-pot to diminish the speed of
movement of the core, substantially as set
forth. - .

6. The combination, with the brush-holders
and the solenoid and core, of links connecting
to the holders, and a screw to adjust the posi-
tion of the core in relation to the solenoid,
substantially as set forth. ‘

Signed by me this 12th day of January, A.
D. 1886.

NIKOLA TESLA.
VWitnesses: .

GEro. T. PINCKNEY,
WirriaMm G. MoTt.
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T wll whom it may concern: .

DBeitknowy that I, NIKoLA TEsLA, of Smil-
jan Lika, border country of Austrin-Hungary,
bhave inveuted certain Improvements in Dy-

s namo-Electric Machines, of which the follow-
ing is a specification.

The main objects of my invention ave to in-
arease the efficiency of the macline and to fa-
cilitate and cheapen the covstraction of the

1o same; and to this end my invention relates to
the magnetie frame and the armatore, and to
olher features of constrnetion, hereinafter more
folly explained.

My invention is illustrated in the accompa-

15 nying drawings, in which Iigure 1 is a longi-
tudinal section, and Fig. 2a.cross-section, of the
machine. IMig.3isutop view,and Fig. 4aside
view, of the magnetic frame. Fig. Gisanend
view of the commutator-bars, and Fig, 6isa

2o section of the shaft aud commutator-bars.
Fig, 7 isa diagrawm illustrating the coils of the
armature and the connections to the commun-
tator-plates. )

The coresc ¢ ¢ cof the field-magnets may be

25 tapering in both directions, as shown, for the
purposes of concentrating the magnetismapon
the middle of the pole-piedes.

The eonpecting-frame F I¥ of the field-mag-
nets is in the formn indicated in the side view,

ao Tig. 4, thelower part being provided with the
spreading curved cast legs ¢ ¢, sothat the ma-
chine will rest firmly upon two base-bars, r ».

To the lower pole, 8, of the field-magnet M
is fastened, preferably by means of Babbitt or

35 other fusible diamagnetic material, the base
B, which is provided witk bearings b for the
armature-shaft H. The base B hins a projec-
tien, P, which supports the brush-holders and
the regulating devices, which may be of any

4o ordinary character, or may be such as shown
in an application of like date berewith.

The armature is construeted with the view
to reduce to & minimum the loss of power due

. to the transversal or Foucault cunrrents and to

- 4% the change of polarity, and also to shorten as

much as possibie the length of the inaciive
wire wound upon the armature-core,

It ig well known that when the avmabure is
revolved bLetween the poles of the field-mag-

nets corrents ave generated in the iron body
of the armature which develop heat, aud con-
sequently canse & waste of power. Owing to
the mutual action of the lines of force, the mag-
netic properties of irop, and the speed of the
differcut portions of tho armature-core, these 55
currentsare generated principally on and near
the sarface of the armature-core, diminishing
instrength gradually toward the center of the
core. ‘Their quantity is under same conditions
proportional to the length of the iron body in
the direction in which these enrrents are gen-
erated, Bysubdividing the iron coreelectrie-
ally in this direction the generation of these
currents can be reduced to a great extent, For
instance, if the length of the armature-core is 65
twelve inches, and by a suitable coustrnetion
thesameissubdivided electrically,so thatthere
areinthe generating directionsix inchesofiron
and six inches of intervening air-spaces or in-
sulating material, the currents will be reduced 70
to fifty per cent.

As shown in the drawings, the armature is
coustrncted of thin iren disks D D D, of vari-
ous diameters, fastened upon the armatore-
shalt in a suitable mauner and arranged ac- 73
cording to their sizes, so that a serles of iron
bodies, 71, is formed, each of which dimin-
ishes in thiclkaess from the ceater toward the
periphery. At both ends of the armature the
inwardly-curved disks 4 d, preferably of cast- 8o
iron, are fastened to the armature-shaft.

The armature-core being constructed as
shown, it will be easily seen that on those por-
tions of the armatare that are the most remote
from the axis, and where the currenis are $g
principally developed, the length of iron in
the generating direetion is only a small frac-
tion of the total length of the armature-core,
and besides this the iron body is subdivided
in the generating direction; and therefore the
TFoncault currents are greatly reduced, An-
other cause of heating is the shifting of the
poles of the armature-core. . In consequence
of the subdivision of the iron in the armature
and the increased sarface for radiation the g5
risk of heating is lessened.

The iron disks D D D may be insnlated or
coated with some insulating-paint, a very care-

6o
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ful insulation being unnecessary, as an elec-

trical contaet between several disks can only

occnr on places where the generated corrents

are cowparatively weak. An armatbure-core
§ constructed in the manner deseribed may be
- revolved between the poles of the field-mag-
nets without showing the slightest inerease of:
temperatore, -

The end disks, 4 ¢, which are of sufficient
thickuoess and, forthe sake of cheapness, pref-
erably of cast-iron, are curved inwardly, as
indicated in the drawings. The exteut of the
curve is dependent on the amount of wire to
be wound upon the armatnres. Innypresent
invention the wire is wound upon the arma-
ture in two smperimposed parts, and the curve
of the end disks, d d, is so calculated that the
first part—thatis, practically half of the wire—
Jjust fills up the hollow space to the line z x;
or, if the wire is wound in any other manner,
the curve is sneh that when the whole of the
wire is wound the outside mass of wires,w,and
the inside mass of wires, 10, are equal at each
side of the plane z . In this case it will be
seen the passive or electrically-inactive wires
are of the smallest length practicable. ‘The
arrapgement has further the advantage that
the total lengths of the crossing wires at the
two sides of the plane # z are practically
equal.

To further equalize the armature-coils at
both sides of the plates that are in contact
with the brushes, the winding and counecting:
up is effected in the following manner: The
whole wire is wounnd upon the armature-core
iv two superimposed parts, which are thor-
oughly insulated from each other. Each of
these two parts is composed of three separated
groaps of coils. The firgt group of coiis of the
first part of wire being weund and connected
to the commutator-bars in the usoal mauner,
this group is insnlated and the second gronp
wound; but the coils of this second group in-
stead of being connected to the next Tollowing
¢35 commutator-bars, are connected to thedirectly-
opposite bars of the commmutator. Thesecond
group is then jnsolated and the third group
wound, the coils of this group being connected
to those bars to wbich they would be con.
nected in the nsnal way. The wires are then
thoroughly insulated and the second part of
wire wound and connected in the same man-
ner. Buppose, for instance, that there are
twenty-four coils—thatis, twelvein each part—
and consequently twenty-four eomwatator-
plates. There will beiueach partthreegroups,
each containing four eoils, and the coils will
be connected as follows:

o
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Groups.  Commutator-bars.
Tirst..cieeeene.en. 1-— 5
- First part of wire < Sceoud............17—21
Third ............. 0—13
TFirst..............13—17
Second part of wire { Second............ 5— 9
Third ............, 21— 1

63

In constructing the armature-core and wind-
ing and connecting the coils in the manner in-
dicated, the passive or electrically-inactive
wire is reduced to o minimum, and the coils
at each side of the plates that are in contact
with the brushes are practieally equal, and in
this way the electrical efficiency of the ma-
chine is increased. : :

The commutator-plates ¢ are shown as out-
side the bearing b of the armature-shafs, The -
sbaft H is tubular and split at the end portion,
and the wires are carried through thesame in
avy usual manner and connected to the re-
speetive conuntator-plates. The comwuta-
tor-plates are upon a cylinder, %, and ingn.
lated, and this cylinder isto be properly placed
and secured by expanding the splitend of the
§baft by a tapering serew-plug, o

I do not ¢laim herein the cores of the field-
magnets converging toward the pole-pieces; -
nor do I claim the method  of fastening the
base to the lower field-magnet, as this has been
claimed in my former application on dynamo-
electric machines.

What I claim is—

1. In a dynamo-eleetrie machine, the arma.
ture constructed of iron disks of varions di.
ameters arranged upon {he shaft in such a
wanner that a serics of iron bodies is formed,
each diminishing in thickness from the een-
ter to the periphery, substantially as and for

the purposes set forth.

2. In a dynamo-electric machine, the nrma-
ture-cors having iron disks of various diame-
ters, in combination with inwardly - enrved
end disks, for the purposcs and substantially
as seb forth.

8. Tu a dynamo-electric machine, an arma-
ture-core having inwardly - curved ends, in
combination with the armature-coils, the eross-
ing wires of which coils pass into the coneave
heads and project equally, substantially as set
forth.

4. In a dyname-electric machine, an arma-
ture having separate coils superimposed and
connected to the commulator plates in alter-
nating groups, substantially as set forth.

5. An armature for dynamo-electric ma-
cliines, having a core composed of disks of va-
rious diameters, in combination with separate
superimposed coils connceted to the commn-
tator-plates fu alternate gronps, substantially
as set forth,

6. In a dynamo-clectric machine, the mag-
netie frame composedl of the cores ¢ ¢ ¢ ¢, the
curved pole-pieces N 8, and the connecting-
frame withk the curved and ontwardly - pro-
Jjecting legs e ¢, substantially as described.

Signed by me this 12th day of January, A.
. 1886.

NIKOLA TESLA.

Witnesses:
GEo. T. PINCKNEY,
WALLACE L, BERRELL.
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To all whom it

"in Electro-Magnetic Motors,
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majy concerns
Be it kpown that I, NIKorA TESLA, from

Smiljan Lika, border country of Austria-Hun-
New York, N. Y., havein-

gary, residing ab
vented certain new and useful Improvements
of which the fol-
lowing is a specification, reférence being had
to the drawings accompanying and forming a
part of the same.

The practical solution of the problem of the

_electrieal conversion and transmission of me-

chanical energy involves certain requirements
whicl the-apparatus and systems heretofore
employed have not been capable of fulfilling.
Such a solution, primarily, demands a uni-
formity of specd in the motor irrespective of
its load within its normal working limits. On
the other hand, it is “pecessary, to attain &
greater economy of conversion than hag here-
tofore existed, to construct cheaper and more
reliable and simple apparatus, and, lastly, the
apparatus must be capoble of easy manage
men$, and such.that all danger from the use of
currents of high tension, which uare neces-
sary to au economiecal transmission, may be
avoided, -

My present invention is direeted to the pro-
duction and improvement of apparatus eapa-
ble of more nearly meeting these requirements
thanthose heretofore available, and thongh I
have described varions means for the purpose,
they involve the same main principles of con-

_ struction and. mode of operation, which may be

35

40

45
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deseribed as follows: A motor is employed in
which there aro two or more independent cir-

coits through which alternate currents are

passed ab properintervals,in the manner here-
inafter described, for the purpose of effecting
a progressive shifting of the maguetism or of
the % lines of force?’ in accordance with the

well-known theory, and a consequent action.

of the motor. It is obvious that a proper
progressive shifting of the lines of force may
be atilized to set up & movement or rotation
of either elementof the motor, the armature,
or the field-magnet, and that if the currents
directed through the several circuits of the
motor are in the proper direction no commu-
tator for the motor will be required; but to
avoidall the nsual commutating appliances in

‘| the system I prefer to connect the motor-eir-

cuits directly with those of a suitable alter-
nate-current generator. The practical resalts
of such a system, its economical advantuges,
and the mode of its construction and opera-
tion will be-described more in detail by ref-
erence to the accompanying diagrams and
drawings. .

Figures 1 to8and 1* to 8% inclusive, are dia-
grams illastrating the principle of the action
of my invention. The remaining figures are
views of the apparatus in various forms by
means of whieh the invention may be carried
into effect, and which will be described in
their order. . .

Referring first to Fig. 9, which isadiagram-
matic representation of & motor, a generator,
and connecting-cireuitsin accordance wilhmy

invention, M is the motor, and G the gener-

ator for driving it. The motor comprises a
ring or amnulus, R, preferably bnilt up of
thin insulated iron rings or annular plates, 8o
as to be as susceptibleas possible to variations
in its magnetie condition. This ring is sor-
rounded by four coils of insulated wire sym-
metrically placed, and designated by GO cco.
The diametrieally-opposite coils areconnected
up S0 as to co-operate in pairs in prodacing
free poles on diametrically-opposite parts of
thering. ‘The four free ends thus lefbare con-
nected to terminals T T T T, as indicated.
Near the riog, and preferably inside of it, there
is mounted on an axis or shaft, a, a magnetic
disk, D, geuerally cireular in shape, but hav-
ing two segments eut away, as shown. This
disk is mounted so as to turn freely within the
ring B. The generator G is of any ordinary
type, that shown in the present instance hav-
ing ficld-magnets N 5 and a cylindrical arma-
ture-core, A, wound with the two coils B B.
The free ends of each coil are carried through
the shaft o and connected, respectively, toin-
sulated coutact-rings b &% ¥, Any conven-
ient form of collector or brush bears on each
riog and fornis a terminal hy which the eur-

6o
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rent to and from a ring is conveyed. -These

terminals are connected to the terminals-of
the motor by the wires L and I in the man-
ner indicated, whereby two complete cirenits

are formed-~one inciuding, say, the coils B of ico



2

the generator C".¢Y of the motor, and the other
the remaining coils B’ and C Cofthe generator
and the motor, _ :

It remains now to explain the mode of op-
eration of this system, and for this purpose I
refer to the diagrams, Figs. 1 to B, and 1* to 85,

- foranillustration ofthe various phases through
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which the eofld of the generator pass when in
operation, and the corresponding and result-
ant magnetie changés produced in the motor.
The revolation of the armature'of the geper-
ator between the field-magnets N 8§ obviously
produces in the coils B B’ alternating currents,
the intensity and direction of which deperd
upon well-knownlaws. Inthe positionof the
coils indicated in Fig. 1 the carrent in the
coil B is practically nil, whereas the coil B at
the same time is developing its maximum cor-
rent, and by the means indiented in the de-
seription of Fig. 9 the eircuit including thig
coil B’ may also include, say, the coils C O of
the motor, Fig. 1% The result, with the proper
connections, would be the magnetization of
the ring R, the poles being on the line N S.
The same order of connections being observed
between the eoil B and the coils C, the latter,
when traversed by a current, tend to fix thae
poles at right anglesto theline N 8 of Fig. 1»,
1t results, therefore, that when the generator-
coils have made one eighth of g revolution,
reaching the position shown in Fig. 2, both
pairs of coils C and ¢ will be traversed by
currents and act in opposition, in so far ag the
location of the poles is concerned. The posi
tion of the poles will therefore be the resnlt-
ant of the magnetizing forees of the coils—that
is to say, it will advance along the ring to a
position corresponding to one-eighth of the
revolution of the armature of the geverator,
In Fig. 3 the armature of the generator has
progressed ta one-quarter of a revolntion, At
the point indicated the eurrent in the eoil B
is maximum, while -in B’ it is nil, the latter
coil being in its neutral position. The poles
of the ring R in Fig. 8" will, in consequence,
be shifted to a position ninety degrees from
that at the starf, as shown. I _have in like
manuer shown the conditions existing at each
successive eighth of one revolation in the re.
maining figures. A short reference to these
figores will suffice foran understanding of their
significance. Figs. 4 and 4* illustrate the con-
ditions which exist when the generator-arma-
ture bas conipleted three eighths of a revola.
tion. Here both coilsare generating eurrent;
but the coil B, having now entered the oppo-
site field, is generating & current in the oppo-
site direction, having the opposite magpetiz.
ing effect; hence the resultaut pole wiil be on
the line N 8, as shown. In Fig. &6 one-half of
obe revolution of the armatare of the gener-
ator has been completed, and the resulting
magnetic condition of the ring isshown in Fig.
5% In this phase coil B isin the nentral posi-
tion while coil B’ is generating its maximum
corrent, wWhieh i3 in the sawe direction as ig
'Fig. 4. The poles will consequently be shifted

. 381,968

through one half of the ring. In Fig. 6 the ar.
matore has completed five-eighths of a revoln-
tion. In this position coil B’ develops a less

owerful eurrent, but in the same direction as

efore. The coil B, on the other hand, having
entered & field of opposite polarity, generates
a curreat of opposite direction, The resuitagt
poles will therefore be in the line N 8, Fig. 6,
or, in other words, the poles of
be shifted along five-eighths of s peripbery,
Figs, 7 ang 7+ %n the same manner illustrato
the phases of the generator and ring a$ three-

o

.? .
the ring will _5

quarters of a revolution, and Figs, 8 and 8 g,

the same at seven-eighths of a revolution of
the generator-armatore. These figures will
bé readily nnderstood from the foregoing,
When 8 complete revolation is accomplished,
the conditions existing at the start are re-es.
tablished and the same action i repeated for
lhe next and all subseqnent revolntions, and,
in general, it will now be seen that €Very revo-
Intion of the armature of {he generator pro-
duces a corresponding shifting of the poles or
lines of force around the ring. This effect I
utilize in producing the rotation of a body or
armature in a variety of ways—for example,
applying the principle above described to the
apparatus shown in Fig, 9. The disk D, ow-
ing to its tendency to assume that position in
which it embraces the greatest possible num-
ber of the magnetic lines, is set in rotatiou,
following the motion of the lnes or the points
of greatest attraction. 1

The disk D in Fig. 9 is shown as cut awny
on oppositesides; but this, I have found, is uot
essentiul to effecting its rotation, as a eircalar
disk, as indiented by dotted lines, i3 also set
in rotation. This phenomenon I attribute to
a certain inertia or resistance inherent iy the
metal to the rapid shifting of the lines of foree
throngh the saine, which results in a continu-
ous tangential pull upon the disk, caunsing its
rotaticn. This seems to Le confirmed by the
fact that a circular disk of steel is more effoct.
ively rotated thao oneof soft iron, for the rea-
son that the former is assumed to possess a
greater resistance Lo the shifting of the mag-
netic lines. : f

In illustration of other forms of my inven-
tion, I shall now deseribe the remainin gfignres
of the drawings.

Fig. 10 is a view in elevation
tical section of a motor.
of the same with the field
gram of connections,

ail part ver-

in section and a dia-
Fig. 11 i5s an end or
side view of & generator with the fie)ds in BeC-
tion. This form of motor may be used in place
of that shown above. D is a ¢ylindriecal or ¢
drum-armature core, which, for ohvions rea-
sous, should besplit up as far as Ppractieable to
prevent the circnlation within it of currents
of indaction. The core is wound longitudi-
nally withtwo coils, Band I, theends of which 1
are respectively connected to insnlated con-
tact-ringsd d d’ @, carried by the shaft a, upon
which the armature is mounted. The arna-
ture is set to revolve within an iron shell, R,
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Fig. 12 is a top view 12c
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which constitates the field-magnet, or other
element of the motor. Thisshell is preferably
formed with o slot or opening, r, bot it may
be continuong, as shown by the dotted lines,
and in thisevent it is preferably made of steel.
It is also desirable that this shell should be
divided np similarly to the armature and for
similar reasons. As a generator for driving
this motor 1 may use the device shown in Fig.
11. This represents an annular or ring artma-
ture, A, surrounded by four coils, ¥ F ¥ F, of
which those diametrically opposite are con-
nected in series, so that foor free ends are left,
which are connected to the insnlated contact-
rings bbb’ ¥, The ring is suitably mounted
on a shaft, ¢, between the poles N 8. The
contact-rings of each pair of generator-coils
are connected to these of the motor, respect-
ively, by means of contact-brushes and the
two paira of conductors L'L and L' 1, a8 in-
dicated diagrammatically in Fig. 12. Now it
is obvious from a consideration of the preced-

ing figares that the rotation of the generator- .

ring producescurrents in the coils F F*, which,
being transmitted {o the motor-coils, impart to
the coreof the latter magnetic poles constantly
shifting or whirling arvound the core. This
effect sets up a rotation of the armature ow-
ing to the altractive force between the shell
and the poles of the armature, but inasmoch
as the coils in this case move relative to the
shell or ficld-magnet the movement of the
eojls is in the opposite direction to the pro-
gressive shifting of the poles.

Other arrangements of the coilsof both gen-
erator and motor are possible, and a greater
number of circuits may be used, as will beseen
in the two sneceeding figures.

Fig. 13 Is a diagrammatie illustration of a

motor and a generator constructed and con-

nected in accordance with my invention. Fig.
14 is an end view of the penerator with its
field-magnels in section, The field of the mo-
tor M is produced by six magunetic poles, G' G/,
secared to or projectiog from a ring'or frame,

- H.. These magnoets or poles are wound with

50

&3

insulated coils, {hose diametrically opposite
to each other being connected in pairsse as to
produce opposite poles in each pair. This
leaves six free ends, which are connected {o
the terminals T T TV T T” T". The armalure,
which is mounted to rotate between thepoles,
is o cylinder or disk, D, of wronght-iron,
mounted on the shaft a. Two segments of
the same are caot away, as shown. The gen-
erator for this motor bas in this Jpstance
an armature, A, wound with three coils, K
K’ X, at gixty degrees apart. The ends of
these coils are conuected, respectively, to in-

‘sulated contuct-rings e ¢ ¢ ¢ ¢' ¢, These

rings are conuected to those of the motor in
proper order by means of colleeting-broslies
and gix wires, forming three indepenient cir-
cuits.

these circuits and traversing the coils of the
motor produce a steadily-progressive shifting

The variations in the strength and di- |
.rection of the currents transmitted through

of the resultant aitractive force exerted by
the poles G’ mpon the armatare D, and conse-
quently keep the armature rapidly rotating. 70
The peculiar advantage of this disposgition is
in obtaining a more concentrated and power-
fal field. The application of this principleto
systems involving multiple circuits generally
will be anderstood from this apparatus.

Referring, now, to Figs. 15 and 16, Fig. 18
ia a diagrammatic representation of a modif-
fied disposition of my invention. Fig. 16isa
horizontal cross-section of the motor. In this
case a disk, D, of maguetic metal, preferably
eut sway at opposite edges, as shown in dot-
ted lines in Fig. 15, ia monuted 8o as to turn
freely inside two stationary coils, N’ N”, placed
at right angles to one another. The coils are
preferably wouud on a frame, O, of insnlating 85
material, and their ends are connected to the
fixed terminals TTT'T. The generator G is
a representative of that elass -of alternating-
current machinesin whichastationaryinduoced
element is employed.  That shown consiats of go
a revolving permanent or electro maguet, A,
and four independent stationary magnets, P
¥, wound with coils, those diameatrically op-
posite to each otber being connected in series
and baving (heir ends secured to the termi-
palgt ¢ I't. - From these terminals the cuar-
rents are led fo the termipals of the motor, as
shown in the drawings. The mode of opera-
tion is substantially the same a3 in the previ-
ous cases, the currents traversing the coils of
the motor having the effect to torn the disk
D. This mode of carryicg out the invention
has the advantage of dispensing with the slid-
ing contacts in the system.

In the forms of motor above deseribed only
ong of the elements, the armature or the field.
magnet, is provided with enérgizing-coils. It
remaing, then, to show how both elemeunts may
be wound with coils. Reference is therefore
had to Figs. 17, 18, and 19. Fig. 17 is an end
view of such a motor, Fig. 18 is a similar
view of the penerator with the field-magoets
io section, and Fig. 19 isa diagram of the cir-
cult-connections. In Fig. 17 the field-magnet
of the motor consists of a ring, R, preferablyof 115
thin insniated iron sheets or bunds with eight
pole pieces, @', and eorresponding recesses, io
which four pairs of coils, V,are wound. The
diamelrieally opposite pairs of coils are con-
nected in series and the free ends connected to
four terminals, w, the rule to be followed- in
connecling being the same as hereinbefore ex-
plained. Anarmatore, D, with two coils, EE,
at rightangles to each other, is mouanted to ro-
tate in side of the field-maguet B. Theends of 125
the armature-coils are connected to two pairs
of contact-rings, d dd' &, Fig. 19. The gener-
ator for this motor may be of any snitable kind
to produce carrents of the desired character.
In the preseut instance it consists of a field-
magnet, ¥ 8, and an armature, A, with two
coilsat right angles, the ends of. which are con.
nected to fonr contact-rings, b b b | earried
by its shaft. Tbe circuit-connections are es-
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tablished between the rings on the generator-
shaft and those pn the motor-ghaft by collect-
ing brushes and wires,as previously explained.
In order to properly energize the field-magnet
of the motor, however, the connections are so
made with the armaturecoils or wires leading
thereto that while the points of greatest at-
traction or greatest density of magnetic lines
of force upon the armature are shifted in one
direction those upon the field-magnet are made
to progress in &n opposite direction, In other
"respects the operation is identically the same
as in the other cases eited. This arrangement
results in an increased speed of rotation. In

15 Figs, 17 and 19, for example, the terminals of
each set of field-coils nre connocted with the
wired to the two armature-coils in such way
that the field-coils will maintain opposite poles
in advance of the poles of the armature.

27 Inthe drawings the field-coils arein shunts
to the armature, but they niay be in series or
in independent éirenits,

It isobvious that thesame principle may be
. Applied to the various typical forms of motor
2; hereinbefore described,

: Having now described the natere of my in.
vention and some of the various waysin which
it is or may be carried into effect, I would eall
altention to eertain eharacteristics which the
applications of the invention possess and the
advantages which the inventiou secures,

In my motor, considering for convenience
that represented in Fig. 9, it will be observed
Lhat since the disk D has a tendency to follow
5 continuously the poiuts of greatest attraction,

and since these points are shifted around the

ring once for each revolution of the armature
- of the generator, it follows that the movement
of the disk D will be synchronons with that of

40 the armature A. This feature by practical

demonstrations I have foand to exist in all

other forms in which one revolution of the
armatnre of the generator produces a shifting
of the poles of the wotor throngh three bap-

dred and.gixty degrees. , o

To the particulur eonstruction shown in Fig.
15,0r in others constructed on & similar plan,
the number of aiternating impulses resulting
from one revolution of the generator arma-
ture is double as compared with the preced-
ing cases, and the polarities in the motor are
shilted around twice by one revolution of the
generator-armature. The speed of the motor

w
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will, therefore, be twice that of the generator.

55 The same result is evidently chtained by sach

a disposition as that showi in Fig. 17, where'

the poles of both elements are shifted in op-
* posite directions. : .

Again, considering theapparatus ilinstrated

6o by Fig. 9 as typic. - of the invention, it is ob-
vious that since the attractive effect upon the
disk D is greatest when the disk is in its
proper relative position to the poles devel-
oped in the ring R—that is to say, when its

65 ends or poles immediately follow those of the
ring—the speed of the motor for ali the loads
within-the nérmal working limits of the mo-

tor will be practically constant. It is clearly .
apparent that the speed can never exceed the -
arbitrary limit as determined by the gener- jo
ator, and also that within certain limits st
least the speed of the motor will be independ-
ent of the strength of the current, '

It will now be more readily seen from the
above description how far the regnirements of 75
o practical system of electrical transmission
of power are realized in my inviotion. I ge-
cuare, flishy a noiform speed under il loads
within the normal working limits of the mo-
tor without the use of any anxiliary regulator; 8o
second, synchronism bebween the motor and
generator; third, greater officiency by the
more direct application of the current, no
commutating devices being required on either
the motor or generator; fourth, cheapness and 83
simplicity of mechanieal construction and
economy in maintenance; fifth, the capability
of being very ecasily managed or controlled;
aod, sixth, diminution of danger from injary to
persons and apparatas, : 9o

These motorsmay be run in series, multiple
are or-multiple series, under conditions well
understood by those skilled in the art.

The means or devices for carrying out the
principle may be varied to a far greater ex- 93
tent than I have been able to indicate; but I
regard as withiu my invention, and I desireto
secure by Letters Patent in general, motors
containing two or inore independent circuits
through which the operating-currents are led rec
in the manner described. By * independent’’

1 do not mean to imply that the circuits are
necessarily isolated from one another, for in
somse instances there might be electrical con-
nections between them to regulate or modify 105
the action of the motor without neressarily
producing a new or different action,

I am aware that the rotation of the arma-
tare of a motor woand with two energizing-
coils at right angles to each other has been 170
effected by an intermittent shifting of the en-
ergizing effect of both coils through which a
direct corrent by means of mechanical de-
vices has been transmitted ic alternately-op-'
posite directions; but this methodorplan Ire- 11 5
gard as absoletely impracticable for the put-
poses for which my invention is designed—at
least on any extended seale—for the reasons,
mainly, that a great waste of energy is neces-
sarily involved unless the number of energiz- 120
ing-cirenits is very great, and-that the inter-
ruption and reversal of a current of any con-
siderable strength by means of any known
mechanical devices is o matter of the greatest
difficulty and expense, 12§

In this application I do not, claim {hié method
of operating motors which is herein involved,

-having made separate application for such

method.
I therefore claim the followlng: 130
1. The combination, with a motor contain-
ing geparate or independent circuits on the -
armature or field-magnet, or both, of an alter-
nating-currentr generator containing induced
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circuits connected independently to corre-

spondipg circuits in the motor, whereby a ro-

tation of the generntor producesa progressive

shifting of the poles of the motor, as hercin
5 deseribed.

2. In a system for the electrieal transmis-
sion of power, the combination of a motor pro-
vided wilth two or more independent magnet-
izing-coils and an alternating-earrent gener-

10 ator containing izdnced coils corresponding to
the motor-coils, and eiregits connecting di-
reclly the motor and generator eoils in such
order that the carrents developed by the gen-
crator will be passed throngh the correspond-

t5 ing motor-coils, and therelsy produce a pro-
gressive shilting of the poles of the motor, as
herein set forth, -

3. The combination, with a motor having
an anunlar or ring-shaped field magnet and a

2 cylindrical or equivalent armatare, and inde-
pendent coils on the field-magnetor armature,
or both, of an alternating-current generator
having correspondingly independent coils,
and cirenits including the generator-coils and

2; corresponding motor-coilsin such mannerthat

«

the rotation of the generator causes a pro-
gressive shifting of the poles of the wotor in
the mauner set forth, .

4. In a system for the electrical transmis-
sion of power, the combination of the follow- 30
ing ‘instrumentalities, to wit: a motor com:
posed of a disk or its equivalent mounted
within a ring or annular ficld-magnet, which
is provided with magnetizing-coils connected
in diametrically-opposite pairs or gromps to 35
independent terminals, a generator having in-
duced coils or groups of coils equal in number
to the pairs or groups of motor-coils, and cir-
enits conneeting the terminals of said coils to
the terminals of the motor, respectively, and 40
in such order that the rotation of the gener-
ator and the conseguent produoction of alter-
nating currents in the respective circuits pro-
duces 2 progressive shifting of the poles of the
motor, as hercinbefore described.

KIKOLA TESLA.

Witnesses: .
FrAxXK E. HARTLEY,
Frixk B, MURPHY.
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UNITED STATES

PaTENT OFFICE.

NIKOLA TESLA, OF NEW YORK, N. Y., ASSIGNOR OF ONE-HALF TO CHARLES
F. PECK, OF ERGLEWOOD, NEW JERSEY.

ELECTRO-MAGNETIC MOTOR.

SPECIFICATION forming part of Letters Patent o, 381,869, dated May 1, 1888,
Applieation filed Novenber 30, 1887, Serinl No. 256,502, (No model.)

To all whom it muy concerm:
" Be it known that I, NIxoLA TESLA, from
Smiljan Lika, border country of Anstria-Huap-
gary,now residing in New York,in the county
and State of New York,have invented certain
new and useful Improvements in Electro-Mag-
netic Motors,of which the following i3 a speci-
fication, reference being had to the drawings
accompanying and forming apart of the same.
‘In an application filed by me October 12,

1887, No0.252,182, I have shown and described.

a novel form of electro-magnetic motor and a
mode of operaling the same, which may be

generally deseribed as follows: The motor is

wouud with coils forming independent ener-
gizing-circnits on either the armature or field
maguoet, or both, (itiisguflicient for present pur.
poses to consider the case in which the coils
are on the armaturealone,) snd these coils are
connected up with corresponding eirenits on
an alternating-current generator. As the re-
sult of this, currents of alternately-opposite
direction aregent through the energizing-coils
of the motor in sn¢h manner as to produce a
progreasive shifting or rotation of the mag-
neticpoles of the armatnre. This movement
of the poles of the armature obvionsly tends
to rotate the armatore in the opposite diree-
tiontothat in which themovement of the poles
takes place, owing to the altractive foree be.
tween gaid poles and the field-magnets,and the
speed of rotation increases from the atart un-
til it equals that of the generator, supposing

Dboth motor and generator to be alike.

As the poles of the armature are shifted in
a direction opposite to that in which the arma-
tare rotates,it will be apparent that when the
normal speed i3 attained the poles of the
armatare will assame a fixed position relative
to the field-magnet, and that in consequence
the field-magnets will be energized by mag-
netic induetion, exhibiting two distinct poles,
one in each of the pole-pieces.” In starting
the motor, however, the speed of -the arma.
ture being comparatively slow,the pole-pieces
are snbjected to rapid reversals of magnetic
polarity; but as the speed increases these re-
versals become less and less frequent, and
finally cease wheu the movement of the arma-
tore become synchronous with that of the gen-

erator. This being the case,the field-coresand

the pole-pieces of the motor become a mag- -

net, bat by induction only.

I have found that advantageous results are
secured by winding the field-magunets with a
coil or coils and passing a continuous carrent

33

through them, this wainlaining a permanent

field, and in this feature my present inveotion
cousisis. -

T shall now deseribe the apparatus which 1
have devised for earrying oub this invention
and explain the mode of using or operating
the sama. :

Figure 1 is an end view in elevation of my
improved motor. Fig. 2 is a part horizontal
cenbral section, and Fig.'3 is a diagrammatic

‘representation of the motor and generator

combined and connected for operation.

Tet A A in Fig. 1 represent the legs or pole-
pieces of u field-magnet, around which are
coils B B, incleded in the circoit of a contin-
nous-corrent generator, O, which is adapted
to impart magoetism to the said poles.in the
ordinary manner, ‘

D D’ are two independent coils wound upon
a suitable cylindrical or equivalent armature-
core, which, like all others used in a similar
manner, chould be split or divided up into al-
ternate maguetic and insulating parts in the
usual way. This armatore is mounted in non.
magunetic cross-bars E E, secured to the poles
of the field-magnet. The terminals of the ar-
mature-coils D D’ are connected to insulated
sliding contact-rings a 4 b b,carried by the ar-
maturs shaft, and brushes ¢ ¢’ bear npon these
rings to convey to the coils the currents which
operate the motor. :

The generator for operating this motor isor
may be of precisely identical construction;
and for convenience of reference ] have marke
in Fig. 3 its parts, as follows: F F, the field-
magnets, energized by a continuons current
passing in its field-coils G G; H H, the coils
carried by the eylindrical armature; d d e ¢,
the friction or collecting rings, carried by the
armatiure-shaft and forming the terminzals of
the armatnre-coils; and f f', the collecting-
brushes which deliver the eurrents developed
in the armature-coils to the two circuits g ¢/,
which connect the generators with the motor,

6o

65

75

8o

8:

90

95

100



1Q

15

24

25

kis)

40

The operation of this system will be under-
stood from the foregoing. The action of the
generator, by causing a progressive shifting of
the poles in the motor-armature,sets up in the
latter a rotation opposite in direction to that
in which the poles move, If, now, the eontinn-
ous current be directed through the field.coils,
£0 as to strongly energize the magnet A A,the
speed of the motor, which depends upon that

of the generator, will not be increased, but the | .

power which produces its rotation will be in-
creased in proportion to the energy supplied
tbrough the coils B B, '

It is characteristic of this motor that its di-
rection of rotation is not reversed by revers-
ing the direction of the cnrrent through its
field-coils, for the direction of rotation de-
pends nab upon the polarity of the field, bot
upon the direction in which the poles of the
armatore are shifted. To reverse the motor,
the connections of either of the circunits g ¢
magt be reversed. '

I have found that if the fisld-magnet of the
motor be strongly energized by its coils B B
and the circuits through the armature-coils
closed, assuming the generator to be running
at a certain speed, tlte niotor will not start;
It if the field be bat slightly energized or in
general in such condition that the magnetic
influence of the armature preponderates in
determiniog its magnetic condition the motor
will start and, with sufficient current, will
reach itg maximum or normal speed. For this
reason it is desirable to keep at the start and
uutil the motor has attained its normal speed,
or wearly so, the field.circnit open or to per-
mit but little corrent to pass throughit. I
have found, however, if the fields of both the
generator and motor be strongly energized
that starting the generator starts the motor,
and that the specd of the motor is increased

381,969

in synehronizm with the generator. IMotors
constructed and operated on this prineiple
maintain aimost absolutely the same speed for
all loads within their normal working-limits;
and in practice I have observed that if the
motor be overloaded to such an extent as to
check its speed the speed of the generator, if

jts motive power be not too greaf, is dimin-

ished synelironously with that of the motor,
I have in other applications shown how the
construction of these or similar motors may
be varied in certain well-known ways—as, for
instance, by rotating the field about a station-
ary armature or rotating conduetors within

 the field; but I do not illustrate these features

further herein, as with the illustration which
I have given I regard the rest as within the
power of a person skilled in the art to coun-
struct.

The present form of motor is cheap, simple,
reliabie, and easy to maintain. It requires
the simplest type of generator for its opera-
tion, and when properly coustructed shows a
high efficieney. °

I do not claim hercin the method of traus-
mitting power which this system involives,
having made it the suliject of another appli-
cation for patent.

What I claim is— _

The combination, with a motor having in-
dependent energizing or armature circuits, of
an alternating-current generator with corre-
sponding indnced circuits connected with the
motor for effecting a progressive shifting of
the poles of the motor-armature, and a source
of continnous current for energizing the feld
of said motor, as set forth. - '

NIKOLA TESLA.

Wit nesses:

FraNK B. MURPHEY,
FrANK E. HARTLEY.
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UNITED STATES.

NIEOLA TESLA, OF NEW YORK, N. Y., ASSIGNOR OF ONE-HALF TO CHARLES:

PaTENT OFFICE.

F. PECE, OF ENGLEWOOD, NEW JERSEY.

SYSTEM OF ELECTRICAL DISTRIBUTION.

SPECIPICATI_OJST forming part of Letters Patent No. 381,970, dated May 1, 1888,
Application filed Desember 23, 1837,  Barlal Ne, 258,787, (No modsel)

o ail whoni it niay concern:

Be it known that I, NIkorLa TEsLA, from
Smiljan Lika, bordercountry of Austria-Hun-
gary,now residing at New York,in the county
and RBtate of New York, have invented cerlain
new and useful Improvements in Systems of
Electrical Digtribution, of which the following
iz a specification, reference being had to the
drawings sccompanying and forming a part of
the same. - '

This invention rclates to those systems of
electrieal distribution in which 2 carrent from
a single source of supply in & main or trans-
mitting cirenit is caused to inflnce by means
of suitable induection apparatns a current or
currents in an independent working eirenit or
circuits, - ,

The maic objects of the invention are the
sathe a8 have been heretofore obtained by the

use of these systems—viz., to divide the eur- |-

rent from a single source,whereby a number
of lamps, motors, or other translating devices

- 1may be independently controlled and operated
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by the same Bource of current, and in some
cases to-rednce a current of high potential in
the main circuit to one of greater guantity and
lower potential in the independent consump-
tion or working cirenit or circoits.

The general character of the devices em-
ployed in these systems is now well under-
stood. An alternating-current maguneto-ma-
chines nsed as the source of supply. The cur-
rent developed thereby is conducted through
a trapsmission.circuit to one or more distant
points at which the transformers are located.
These consist of induction-inachines of varions
kinds. Insome cases ordinary forms of indue-
tion-coil have been used with one coil in the
transmitting-circuit and the other in a Joeal
or consumption circuit, the coils being differ-
ently proportioned according to the work to
boe done in the consumption-circuit-=that is
to say, if the work requires a current of higher
potential than that in the transmission eirenit
the secondary or indaced coil is of greater
length and resistance than the primary,while,
oh the other hand, if a quantity curfent of
lower potential is wanted the longer coil is
made the primary. In lieu of these devices

various forms of electro-dynamie indunction-
machines, including the combined motors and
generators, have been devised. For iostance,
a motor ig constructed in aceordance with well-
understood principles, and on the same arma-
tureare wound induced coils which constituta
a generator. The motor-coils are generally of
fine wire and the generator-coils of coarser

50

wire, 80 as to prodoce a current of greater

quantity and lower potential than the lige-enr-
rent,whichk is of relatively high.potential, to
avoid loss in long transmission. - A similar ar-
rangement is to wind coils corresponding to
those described in a ring or similar core, and
by means of & commutator of suitable kind to
direct the current through the indunecing-coils
successively, 8o as fo-maintain » movement of
the poles of the core and of the lines of force
which set up the currents in the induced coils,

‘Withont enomerating the objections to these
systems in detail, it will soffice to say that the
theory or the principle of the action or opera-
tion of these devices has apparently been so
little understood that their proper eonstruc-
tion and use have up to the present time been

65
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attended with varions difficulties and great 75

expense. The transformers are very liable to
be injured and buroed out, and the means re-
sorted to for curing this and other defeets
have almost invariably been at the expense of
efficiency.

The form of converter or transformer which
I have devised appears to be ldargely free from
the defects and objections to which I bave al-
luded, While T do nob herein advance any
theory as to its mode of operation, I would
state that, in so far as the principal of oon-
struction is concerned, it i3 analogous to those
transformers which I have above describad ag
electro- dynamic induction - machines, exesps

80

85

that it involves no moving parts whatever,and gc

is hence not liable to wear or other derange:
menty and requires no more attention than the
other and more common induction-machines,

In carrying out my invention I provide &
series of inducing-colls and corresponding in-
duced coils, which, by preference, I windupon
a core closed npon itself—such asan annulos or
ring subdivided io the ugual manner, The

45
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two sets of eoils are wound side Ly side or su-
perposed or otherwise placed in well-known
ways to bring them into the most eﬁ'ectiv%ie-

e
inducing or primary coils wound on the core
are divided into pairs or scls by the proper
electrical conueciions, so that while the eoils of
one pair or set to co-opernte in fixing the mag-
netic poles of the core at two given dirmetric-
ally-opposite points, the coils of the other pair
or set—nssuming, for sake of illustration, that
there are but two—tend to fix the poles ninety
degiees from such points. ‘With this indae-
tion device I use an- alternating-current geo-
erator with coils or sets of coils to correspond
with those of the converter, and by means of
suitable conduetors I connectup in independ-
ent cireunits the corresponding coils of the gen-
erator and converter. It results from this
that the different electrical phases in the gen-
crator are afttended by corresponding mag-
netic changes in the converter; or,in other
words, that as the generator-coils revolve the
points of greatest magnetie intensity in the
converter will be progressively shifted or
whirled aroond. This prineiple I have ap-
plied under variously-modified conditions to
the operation of electro-magnetic motors, and

_in previouns applications, notably in those hav-
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ing Serial Nes. 252,132 and 256,561, I have de-
scribed io detail the manner of coustrueting
and using snch motors. In (he present appli-
cation my objeet is to deseribe the best and
most eonvenient manner of which I am at pres-
ent aware of carrying out the invention as ap-
plied to a system of electrical distribution;
but one skilled in the art will rendily under-
stand from the deseription by the modifiea-
tious proposed in said applications, wherein
the form of both the generator and converter
in the present case may be modified.

In illustration therefore of the details of
construction which my present invention in-
volves, I now refer to the accompanying draw-
ings.

TFigure 1 is a diagramumatic illostration of
the converter and the electrical connections of
the same. Fig. 2 is a horizonfal central eross-
section of Fig, 1, Fig. 3isadiagram of the sir-
cuits of the entire system, the generator being
shown in section. -

I nsea core, A, which is closed apon itself—
that is to say, of an aunnlar cylindrical or
equivalent form--and as the efficieney of the
apparabus is largely increased by the subdi-
vision of this core I make it of thin strips,
plates, or wires of soft iron electrically insu-
lIated as fur a3 practicable. Upon this core,
by any well-known method, I wind, say, four
coils, B B B’ I¥, which T use as primary coils,
aund for whieh I use long lengths of compara-
tively fine wire. Over these coils Tthen wind
shorter coils of eoarser wire, C C C' C, tocon-
stitute the induced or secondary coils. The
construction of this or any equivalent form of
converter may be carried further, as above

pointed out, by inclosing these coils with iron—
as, for example, by winding over the coils o
layer or layers of insulated iron wire.
The devive is provided with suitable bind-
ing-posts, to which the ends of the coils are
led.” The diametrically-opposite ecils B B and
B B'ave connected, respectively, in series, and
the four terminals are connected to the bind-
ing-.posts 1 2 3 4. The induced coils are con-
nected together in any desired manner. Tor
example, as shown in Fig. 3, C C may be con
nected in multiple are when a guantity cur-
rent is desired—as for running a group of in-
candescent lamps, D—while ¢’ ¢’ may be in-
dependently connected in series in a eircait
including arc lamps or the like. The gener-
ator in this system will beadapted to the con-

70
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verter in the manner ilustrated. Ior exam-

ple, in the present case I employ a pair of or-
dinary permauenb or eleetro magnets, B L,
between which is mounted a eylindrical arma-
ture on a shaft, F, and wound with two coils,
G G'. The terminals of these coils are ¢on-
peeted, respectively, to four insulated contact
or eollecting rings, E B H' I, and the four
line circuit-wires L conneet the broshes K,
bearing on theserings, to the couverter in the
order shown, Noting the resul(s of this com-
hination, it will ‘be observed that at a given
point of time the coil G is in its neuntral posi-
tionand is generatinglittle or no current, while
the other coil, G, isin & position where it ex-
erts its maximuom effeet. Assumiog coil G to
be connected in circuit with coils B B of the
conwerter, and coil G’ with coils B’ B, it is
evident thab the poles of the ring A will be
determined by coils B’ B’ alone; bub as the
armatare of the generator revolves, coil G de-
deleps move current and coil G less, nntil G
reaches its maximum and G’ its nentral posi-
tion. The obvious resulb will be to shift the
poles of the ring A through one-quarter of
its periphery. The movement of the coils
tbrough the pext gquarter of a turn, during
which coil G"enters a field of opposite po-
larity and generates a enrrent of opposite
direction and increasing strength, while coil
G, in passing from iis maximum 6o its nen-
tral position generates a current of decreas-
ing strength and same direction as before,
causes a further shifting of tlie poles through
the second guorfer of the ring. The sec-
ond half-revalotion will obviousiy be a repe-
tition of the same action. By the shifting of
the poles of the ring A a powerful dynamic
inductive effect on the coils C O is produced.
Begides the corrents geperated in the seeond-
ary coils by dypamo-magneticinduetion other
currents will be seb np in the same coils in con-
sequence of any variations in the intensity of
the poles in thering A, Thisshould be avoided
by maintaining the intensity of the poles con-
stant, to accomplish which ecare should be
taken in designing and proportioning the gen-
erator and in distributing the eoils in the ring
A and balancing their effect, When this is
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done, the currents are produced by dynamo-
magnetic induetion ouly, the same result be-

. ing obtained as though the poles were shifted

by a commutator with an infinite number of
segments, . .

The modifieatious which are applieable to
other forms of converler are in many respects
applicable to this, I refer more particularly
to the form of the core, the relative lengths

to and resistances of the primary and secondary
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coils, and the arrangements for running or op-

“erating the same,

The new method of electrical conversion
which this system involves I have made the
sahject of another application, and I do not
claim it therefore herein. '

Withount limiting myself therelore (o any
specifie form, what I claim is—

1. The combination, with a core ¢losed upon-

itself, indueing or primary coils wound thereon
and connected up in independent pairs or sets,
and induced or secondary coils wound upon
or near the primary coils, of a generator of
alternating currents and independent connec-
tions to the primary coils, whereby by the op-
eration of the generator a progressive shifting

of the poles of the core is effected, as set forth,-|

2, Thecombinabion,with anannularorgimi.
lar maguetic core and primary and secondary
coils wonnd thereon, of an alternating-cur-
rent generator baving induced or armature
coils correaponding to the primary cofls, and
independent circuits connectin%sthe primary
coils with the corresponding eoils of the gen-
erator, as herein set forth. :

8. The combipation, with independent elee-
tric transmission-eircuits, of transformers con-
sisting of annular or similar cores wound with
primary and secondary coils, the opposite pri-

mary coils of each transformer being connected

to one of the transmission-cirenits, an alter-

.nating-enrrent generator with independent in-
| duced or armature coils connected with the
‘transmission-cirenits, whereby alternating cur--

rents may be directed throogh the primary
coils of the transformers in the order and man-
ner herein deseribed. :

NIKOLA TESLA.
Witnesses:

RorT. H. DUNCAN,
© Romr. F. GATLORD,
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UNITED STATES

PaTENT OFFICE.

NIEOLA TESLA, OF NEW YORK, N. Y., ASSIGNOR OF ONEHALF TO CHARLES
¥. PECK, OF ENGLEWOOD, NEW JERSEY.

ELECTRO-MAGNETIC MOTOR.

SPRCIFICATION fonming part of Letters Patent Ko 382,479, dated May 1, 1888.
Application fled Novembor 30, 1687, Seriul No. 858,501, (Mo model.}

To all whom it may concern:

Be it known that I, NIRoLA TESLA, 4 sub-
ject of the Emperor of Austria, from Bmiljan,
Lika, border country of Austria-Hungary, now
residing at New York, in the county and State
of New York, have invented certain new and

- useful Improvements in Electro-Magnetic Mo-

0

)

tors, of which the following is & speeification,
reference being had to the drawings aceom-
panying and forming a part of the same,

In a former application, filed October 12,
1887, No. 262,132, I have shown and described
a mode or plan of operating electric motors by
causing a progressive shifting of the poles of
one or both of the parts or elements of 2 mo-
tor—that is to say, of either the field magneb
or magnels or armature, or both. 1 accom-

. plish this by constructing a motor with two or
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more independent energizing-circuits, on the
field-magnets, for example, and I connect these
up with corresponding induced or generating
circoits in an alternating-current generator, so
that alternating currents are caused to trav-
erse- the motor - circults. - By so doing the
poles of the field-magnet of the motor are pro-
gressively shifted, and by their attractionupon
a rotary armature set up a rotation in the lat-
ter in the direction of the movement of the

poles. In this case, However, the rotation is.

prodaced and maintained by the divect attrac.
tion of the maguetic elements of the motor. I
havediscovered that ad vantageousregults may
be secured in thissystem by utilizing the shift-
ing of the poles primarily to setup currents in
a ciosed conductor located within the influence
of the field of the motor, so that-the rotation
may resalt from the reaction of sueh currents
upon the field. o
‘To illustrate more fully the nature of the in

ve%t;.ion Irefer to the accompanying drawings.

1
operative parts or elemients of a motor em-
bodying the principles of my-invention, and
in section the generator for operating thesame.
Fig. 21sa horizontal cedtral section of the mo-
tor in Fig. 1,the circnits being shown partly in
diagram. Fig. 3isa modifled form of motor
in side elevation. Fig. 4 isa central horizon-
tal cross-section of Fig. 8. '

so In Figs.1and 2 Ais an annolar core ofsoft

irop, preferably laminated or formed of in-

gure 1 represents in side elevation the

gtlated sections, so as to be susceptible to rapid
variations of maguetism. This core is wound
with four coils, ¢ 0 O’ C, the diametrically-op-
posite coils being connected in the same cir-
cait, and the two free ends of each pair being
brought to the terminals{and ?) respectively,
as shown., Within this annular field-magnet
A is mounted a soft-iron cylinder or disk, D,
on auv axis, g, in bearings b b, properly sup-
ported by the frame-work of the machine.
The disk carries two coils, B E/, of insnlated
wire,wound atright angiesto one ancther,and
baving their respective ends joined, so that
each coil forms a separate closed circuib.

In illustration of the action or mode of op-
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eration of this apparatus,letitbe assumed thab

the apnular field-magnet A is permanently
magnetized, 8o as to present two free poles dia-
metrically opposite. If suitable mechanical
provision be now made for rotating the field-
maguet around the disk,the apparatns exem-
plifies the conditions of an ordinary magneto-

‘generator,and currents wounld be set upinthe

coils or closed conductors E E on the disk D.
Evidently these currents would be the most
powerful at or near the points of the greatest
dengity of the lines of force, and they weunld,
as in all similar cases, tend, at least theoreti-
cally, to establish maguetic poles in the disk
D at right angles to thoseinthe anpular field-
magnet A.
reaction of these polarities upon each other,
a more or less powerful teudency iu the disk
to rotate in the same direction as that of the
field-magnet would be established, -If, on the
other hand, the ring or annular ficld-magneb

70
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Ag a resalt of the well-known |

83

A be held stationary and its magnetic poles
progressively shifted by passing through its

coils C O properly-alternated currents, it is
obvious that similar resuits will follow, for
the passage of the currenis causing the shife-
ing or whirling of the poles of the field-mag-
net A indnces currents in the closed circuits
of the armature-coils E I, with the rezalt of
getting up a rotation of the disk D in the same

qc

95

direction of such shifting. Inasmuch as the -

currents are always induced or generated in
ihe coils E F in the same manner, thé poles
of the disk or cylinder follow continuously
the poles of the annular field-magnet, main-
taining, at least theoretically, the same rela-

b (ol
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tive positions, This resnlts in an even and
perfect action of the apparatas. '

In order that the system as o whole may be
better understood, I shall now describe the
mode or plan devised by me for producing the
carrents that effect the progressive shifting of
the poles of the motor.

In Fig. 1, B B’ arc the poles or pole pieces
of an alternating-current generator. They
are permanently magnetized and of opposite
polarity. Tisa cylindrical or other armature
containing the independent eoils G G'.  These
coils are wound at right angles, so that while
one is crossing the strongest porbion of the
field of foree the other is at the neatral point.
The coils G G’ terminate in the two pairs of
ingulated collecting-rings f and f’,upon which
bear the brushesg g'. Four wires connectthe
motor-terminals £ and ¢’ with the broshes gand
¢, respectively. When the generator is ro-
tated, thecoil G will at the certain poing shown
in the drawings be” generating its maximum
current, while eoil G" is neutral. TLet it be as-
sumed thatb this current is conveyed from the
rings é" J to the termionlst tand through the
coils C C. Tts effect will be to establish poles
in the ring midway between the two coils.
By the forther rotation of the generator the
coil G’ is brought within the influence of the
field and begins to produce a cnrrent,-which
grows stronger as the said coil approaches
the maximnm points of the field, while the
current produced in the coil G diminishes as
the said co1l recedes from those points, The
current from the coil G, being conveyed to
the terminals ¢’ ¢ and through coils ¢’ ¢, has
a tendency to establish poles at right angles
to those set up by the coils C O; but owing
to the greater effect of the cnrrent in coils O
C the resnlt is merely to advance the poles
from the position in which they would remain
if doe to the maguetizing influence of coils C
C alone. This progression continues for a
quarter-revolation until coil G G becomes
‘neutral and coil &' G' produces its maximom
carrent, The aclion described is then re-
peated, the poles having been shifted throngh
one-half of the field,or a half-revolution, The
second halfrevolution is accomplished in a
similar way, the same polarity being main-
tained in the shifting poles by the movement
of the generator-coils alternately through
fields of opposite polarity. .

The same principle of operation may be ap-
plied to motors of varions forms, and I have
shown one of such modified forms in Tigs. 5.
and 4 of the drawings. In these figures, I '
are field-magnets secured to or forming part
of a frame, IV, mounted on o base, . These
magnets should be laminated or composed of
a number of electrically-insulated magnetic
gections, to prevent the cirenlation of indunced
currents and to render them eapable of rapid
magnetic changes. These magnetic cores or
poles are wound with insalated coils O C, the
diametrieally-opposite coils being connected

202,279

together in series and their fvee ends brought
to terminals ¢ ¢, respectively. DBetween the
polesthere is moanted, in bearingsin the Cross-
pieces G”, a cylindrieal iron core, D, whieh,
in order to prevent the formation of eddying
currents, and the loss conseqaent thereon, is
sabdivided in the usvual way. Insulated con-

- doctors or ecoils are applied to the eylinder D

longitudiraily, and for these I may employ
copper plates I T, which are secured fo the
sides and ends of the cylindrieal core in well-
known ways. These plates or conductors may
form ome or preferably several indepeudent
circuits around the core. Inthedrawings two
of such cirenits areshown, formed respeetively
by the conductors E and, I/, which are insu-
lated from each other. Itisadvantageous also
to slot these plates longitudinally, to prevens
the formation of eddy currents and waste of
energy.

From what has now been given the opera-

tion of this apparatus will be readily nnder-
stood. Tothe binding-posts ¢ ¢’ are connected
the proper cirenits from the generator to cause
o progressive shifting of the resultast map-
netic poles produced by the magnets 3 upon
the armature. Thus currents are induced in
the ¢losed circuits on the core, which, energiz-
ing the core strongly, maintain a powerful at-
traction betweenthe same and the field, which
causes arotation of the armature inthe diree-
tion in which the resultant poles are shifted.

The particular advantage of the construc-
tion illustrated in Figs. 3 and 4 is that a con-
centrated and powerful field is obtained and
a remarkably powerfel tendency to rotation
in the armature seeured. The same results
may be obtained in the form illustrated in
Figs. 1 and 2, however, by forming polar pro-
jections on the field and armature cores,

Wheun these motors are not loaded, but run-
ning free, the rotntion of the armature is nearly
synchronons with the rotation of thie poles of
the field, and under these cireumstances very
little current is perceptible in the eoils B E:
but if aload is added the speed tends to di-
minish and the eurrents in coils BT are ang-
meated, so thabt the rotary effort is increased
proportionately.

Obviously the principle of this invention is
capable of many modified applications, mogt of
which follow ns a matter of course from the
constructions deseribed. Tor instance, the
armature-coils,or those in which the ¢urrents
are set up by indunction,may be held stationary
and the alternating currents from the genera-
tor conducted through the rotating inducing
or field coils by means of snitable sliding eon-
tacts. It is also apparent that the induced
coils may be movable and the magnetic parts
of the motor stationary; but I have illustrated
these modifications fully in the application to
which reference has herein been made,

In the case of motors wound with independ-
ent field and armature circuits and operated
by shifting their poles, as described in my said
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prior application, I may by ghort-eireniting
the armature-coils apply the presentinvention
in order to obtain greater power on starting.

An advantage and characteristic feature of

5 motors constructed and operated in accordance
with this invention is their capability of al-
most instantaneous reversal by a reversal of
one of the energizing-currents from the gen-
erator. This will be understood from a con-

1c Bideration of the working conditions.

. ing the armatare to berotatingina certain 4i-

rection following the movement of the shifting
poles, then reverse the direction of the shift-
ing, which may be done by reversing the con-
nections of one of the two energizing-clreuita.
If it be borne in miond that ina dynamo-elec-
tric machine the energy developed i8 very
nearly proportionate to the cube of the gpeed,
it is evident that at such momenf an extra-
ordinary power is bronght to playin reversing
the motor. In addition to this the resistance
of the motor is very greatly reduced ab the
moment of reversal, sc thate much greater
amournt of current passesthrough the energiz-
25 ing-cirenits. -

The phenomenon alluded to—viz., the varia-
tion of the resistance of the motor apparently
like thatin ordinary motors—I attribute tothe
variation in the amount of gelf-<induetion in

3o the primary or energizing cireuits. '

These motors presentnnmerons advantages,
chief among which are their simplicity, relia-
bility, economy in construction and mainte-
nance, and their easy and dangerless manage-

35 ment. AS no commutators are required. on

20

Assum- |-

either thegeneratorsor the motors, the system
is capable of a very perfect action and involves
but lithle loss. )

T do not claim herein the mode or plan of
producing currents in closed condunctorsin &
magneticfield which 18 herein disclosed,except
in its application to this particular purpose;
bob

What I claim is—

1. The combination, with 2 motor contain-
ing independent inducing or energizing cir-
enits and closed induced cirenits, of an alter-
nating-current generator having indueced or
generating circuits corresponding to and con-
nected with the energizing-cirenits of the mo-
tor, as geb forth. -

9. An electro - magnetic motor baving its

field-magnets wound with independent coils.

and its srmature with independent elosed coils,
in combination with & souree of alternating
carrents connected to the field-coils and capa-
ble of progressively shifting the poles of the
fleld-magunet, as et forth.

3. A motor constructed with an annular
field-magnet wound with independent coils
and a cylindrical or disk armature wound with
closed coils,
alternating currents connected with the field-
magnet coils and acting to progressively shift
or rotate the poles of the field, as herein seb

forth.
- NIKOLA TESLA.
Witnesses: .
FRANE B. MURPRHY,
- FrAXE B. HABRTLEY.
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UNITED STATES

PATENT OFFICE.

NIKOLA TESLA, OF NEW YORK, N. Y.

ELECTRICAL TRANSMISSION OF POWER..

BPECIFICATION forming past of Letters Patent No. 382,280, dated May 1, 2888,

Original application Bled October 12, 1887, Serial No. 232,32, Divided and this spplication @led March 9, 188 Serisl No,
) 208,755, (¥o modal.} o

———r————

To all whom it.-may conecern:.

Baé it known that I, NiEora TESL4, from
Bmiljan, Lika, border country of Aunstria-Hun-
gary,and residing in the city, county, aud State
of New York, have invented certain new and
usefal Improvements in the Transmission of
Power, of which the following is a specifieation,
reference being had to the drawings aceom-
panying and forming a part of the same. .

This application is a division of an applica-
tion filed by me October 12, 1887, No. 2562,132.

The practical solution of the problem of the |.

electrical conversion and transmission of me-
chanical energy involves certainrequirements
whicli the apparatos and syatems heretofore
employed have not been capable of fulfiliing.
Bach a solution primarily demands a uwi-
formity of apeed in the motor irrespective of

its load within its normal working limits. On”

the other haud, it is necessary, to attain a
greater economy of conversion than has here-
tofore existed, to construct cheaper and more
reliable and simple apparatus, and such that
all danger from the use of currents of high
tension; which are necessary to an economical
transmission, may be avoided.

My present invention is a pew method or
mode of effecting the transmission of power
by electrical sgency, whereby many of the
present objections are overcome and great
cconomy and efficiency secured. -

In carrying out my invention I employ a
motor in which there are two or more inde:
pendent energizing-circuits, through which.I
pank, in the manner hereinafter described, al-
ternating currents, effecting thereby a progres-
sive shifting of the magoetism or of the ‘*lines
offorce,” which, inaccordance with well-known
theories, produces the action of the motor. -
. It is-obvions that s proper progreasive shift-
ing of the lines of force may be utilized to set
up & movement or rotation- of either element
ofthe motor, the armature, or the field-magaet,
and that if the currente directed through the
soveral circuita of the motoi are in proper di-
rection no commutator for the motor will be
re%uimd; but to avoid all the usnal commu-
tating wpplisnces in the system I connect the
‘motor-circuits directly with those of a siiitable
alternating-cnrrent generator. The practical
results of such a system, its economical advan-

3

tages, and the mode of its constroction and .
' operation will be deseribed more.in detail by
reference to the accompanying diagtams and
drawings. . i C
~ Figures1to 8 and 1* to 8*, inclusive, are dia-
grams illustrating the principle of the action
of my invention. The remaining figures are
views of the apparatos in various foris by
meaus of which the invention may be carried
into effect, and which will be deseribed in their
order, ‘ ' C
Referring first to Fig. 9, which is o dia-
grammatic representation of a motor, a gen-
erator, and connecting-circuits in accordanee
with my invention, M is the motor, and G
the genorator for driving it. The motor com-
prises & riog or annulus, R; preferably built
up of thin Insulated iror rings or annular
plates, 80 as to be as susceptibie a3 possible to
variations in its magneticcondition. Thisring
ia surrounded by four coils of insulated wire
symmetrically placed and designated byCCC
(. 'The diametrically-opposite coils are con-
nected up soas toco-operatein pairs in prodae-
ing free polés on diametrically-opposite parts
of the ring. The four free ends thus left are
-connected to terminals T T'T’ T", a8 indicated.
Near the ring, and preferably inside of it,
there is mounted on an axis or shalt a mag-
netic disk, O, generally circular in shape, bat
baving two segments, éut away as shown.
This disk s mounted 8o asto turn freely within
the ring R. The generator G is of any ordi-
type, that shown in the present instance
having field-magnets N Sand a cylindrical ar-
mature-core, A; wonnd with the two coils B
B’. The free eunds of each coil are carried
through the shaft a’ and connected, respect-
ively, to insulated contact-rings b & b'¥, Any
convenient form of collector or brush bears on
 each ring and forms a terminal by which the
curreit to and from a ring 1s conveyed. These
.terminals are connected to the terminals of the
motor by the wires L and I/ in the manuner in-
dicated, whereby two complete cirenits are
formed, one including, say, the coils B of the
generator and OO of the motor and the other
the remaining ecils B’ and O’ ¢ of the gen:
erator and the motor.
1t remajns now to explain the mods of op-
eration of this system, and for this purpose I
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refer to the diagrams, Figs, 1 to 8 and 1* to 8",
for an illustration of the. varions -phases
through which the coils of the generator pass
whea in operation, and the correspording and
resultant magnetic changes produced in the
motor. The revolution of thearmature of the
generator between the field-magnets N 8 ob.
vioualy produces in the eoils B B’ alternating
currents the intensity and direction of swhich
depend ttpon well-known laws. Iu the posi-
tion of the coils Indieated in Fig. 1 the current
in the coil B is practically nil, whereas the
coil B’ at the sameé time is develdping lts
maximum carrent, and by the meansindicated
iun the deseription of Fig. 9 the cirenitinclud-
ing this coil may also include, say, the coils C
G of the motor, Fig. 1*. The result, with the
proper conoections, woald be the magnetiza-
tion of the ring R, the poles being on the line
N 8. The same. order of connections being
observed between the eoil B and. the coil G,
the latter 'when traversed by a enrrent tend to
fix the poles dt right angles to tke lixie N 8 of
Fig. 1*, It results, therefore, that when the
generator-coils have made one-cighth of o re-
volution, reaching the position shown in Fig.
2, both pairs of coils, C and (', will be trav-
ersed by current-and set in opposition in so
far as the location of the poles is concerned.
The position of the poles will therefore. be the
resultant of the magnetizing forees of the coils—
that ia to say, it will advance along the ring to
o position eorresponding to one-eighth of the
revolution of the armature of the generator.
In Fig. 3 the armature of the generator has
progressed to one-fourth of a revolution. At
the poiat indicated the eurrent in the coil B
is maximum, while in B" it is «il, the Iatter

coil being in its neatral. positior. The poles’

- of the ring R in Fip. 3* will in consequence bie
shifted to o position ninety degrees from that
at the start, as shown.. 1 haveinlike manner

shown the conditions exiating et each succes.

sive eighth of one revolntion in the remaining
figures. A shorb reference tothese figures will
suffice to an" understanding of their,signifi-
eance. . ; _ :

" Figs.4-and 4*illustrate the conditions which
exist when the geunerator-armature has cor-
pleted three-eighths of a revolntion. .Here
both coils are generating currents; but the coil
B’; baving now entered the opposite field, is
geverating a current in the opposite direction

- having the opposite magnetizing effect; hence
.the resnltant pole will be on-the line ﬁ‘S, a8
shown. : . ' E
. In:Fig, 6 one-balf of one revolution of the

armature of the generator has been completed, -

and the re.su]tin%mngn,etic condition of the
ring is shown in Fig. 6% Tnothis phase coil B
1is in-the neutral position, while coil B’ is gen-
erating its maximum eurrent, wlich is in the
same direction a8 in Fig. 4. .The poles will
consequently be shifted throngh one-half of
thering. -

In Fig. 6 the armature has completed five:

eightha of a revolution. - In this position coil.

B’ develops a less powerful current, but ju the
same {direction as before. The coil B, on the

_other hand, having entered a field of opposite

polarity, generates a current of opposite di-
rection. The resultant polés will therefore be
in the line N 8, Fig. 6*; -or, ii other words,
the poles of the ring will be shifted along five-
eightbs of its periphery. "
igs. 7 and 7 in the same manner illustrate
the phases of the generator and ring at three.
quarters of a revolution, and Figs. 8 and &
the same at seven eighths of 'a revolution of
the generntor-arminture. These figures will be

readily understood. from the foregoing,

Whenacompleterevolution isaccomplished,
the conditions existing at the start are re-es-
tablished, and the same action is repeated for
the pext and all subsequent revolations, and in
geuneral it will now be seen that every revolun-
tion of the armature of the generator prodoces
a corresponding shifting of the poles or lines.
of force around the ring.. This effect I utilize
in producing the rotation.of a body or arma-
ture in n variety of ways—for example, apply-

.ing the principleabove described to theappa--

ratus shown jo Fig. 9. ~The disk D, owing to

its tendency to nssmwe that position in which

it embraces tho greatest possible number of the
magnetio lines, is set in rotation, following the
motion of the lines or the points of grentest
attraction. . o .o

The disk D-in Fig. 9 is'shown as cut away
ou opposite sides; but this I havo found is not
essential to effecting its rotation, na a cirenlar
disk, as indicated by doited liues, is glao set
in rotation., "This phenomenon I attribute to
a certain inertia or resistancé inherent in the

.metal to the rapid shifting of the liues of foree

through the same, which results-in & esotinu:-
ous tangential pull upon the disk, eansing ita
rotation. This seems to be confirmed by the
fact that a cireular disk of steel ia niore effect-
ively rotated than one of soft iron, for the rea..
son.-that the -former is ngsumed to poasces &
greater resistance to the shifting of the mag-.
netie Hnoes. o .
In-ilinstration of other forms of apparatas.
by mexns of which I carry out my invention,

"1 shall now deseribe the' remaining fignres of

the drawings. - W
Fig. 107is'a view-in clévation and part ver:
tical section of a motor; Fig. 12isa top view
of the sane with the ficld in section and »
diagram of connections. Fig. 11 is un end or
gide view of a generator with the flélds ines-

"tion, This form of motor may be-used in place

of that shown. " . .

".I)i8 a eylindrical or druin arinature-core,
‘which, for obvious reasons, shonld bd split ap
as far as practicable toproventihe ojsculation
within it of currents of induction.. . The gore
is wound longitudinally with two colls, B and
E/, the ends of which are rés vely “con-
nected to insnlated coutact-ringsd 4.4 &, car-
ried by the shaft o, upon which the armstare
is mounted, i .

- The armature is st to revolve within an
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iron shell, B, which constitatesthe field-mag-
net ar.other element of the motor, Thisshell
i8 preferably formed with a slot or opening, r;
but it may be continuous, as shown by the
dotted lines, and in this event it is preferably
made of steel, Itis alzo desirable that this
shell should be divided up similarly to the
armatnre,and for similar reasons. - Asa gen-
erator for driving this motor, I may use the
device shown in Fig. 11. This represents an
annular or ring armature, A, surrounded by
four coils, F F ' F, of which those diamet-
rieally opposite are connected in series, so
that four free ends are left, which are cou-
nected to the insulated contact-rings b b ¥ ¥,
‘The ring is suitably mounteéd on a shaft, o',
between the poles N8, The contact-rings of
each pair of generator coils are eonnected to
those of the motor, respectively, by means of
contact-brashés and the two.pairs'of eondaet-
,ors, LLiand I I,
ieally in Fig. 13. -

KNow, it is obvious from a consideration of

the preceding fignres that the rotation of the

%enarat,or-ring produnces currents in the ooils

F', which, being tranamitted to the motor-
coils,impart to the core of the latter maguetic
poles constantly shifting or whirling around
the core. This effect sats up a rotation of the
armatare,oWwing totheattractive force bet ween
the shell and the poles of the armature; bus
inasmuch as the-coils in this ¢ase move rela-
tively to the sbell or field-magret the move-
ment. of the coils is in the opposite direction
to the progressive shifting of the poles.

Other arrangements of the coils of both gen-

erator and motor are possible, and a greater:
namber of circnits may-be used, as will be’

seen in thie two suceeeding figures,

Fig. 13 is & diagrammatio illustration of a

motor and a generator connected and con-
strocted in accordance with my invention.
Fig. 14 is dn end view of the generator with

its field-magnets in section. -

The field of the motor M is produced by six
naagnetie poles, G’ G/, secured to or projecting

from s ring or frame, H. These magnets or-

poles are wound with jnsulated coils, those
diametricslly oppokiteto each other being con-
nected 1n pairs,so ae to produce opposite poles
in each pair. Thisleaven six free ends, which
are connected to the terminals TTT T T T".
The armatare which ia mounted to rotate be-
tween the poles is a cylindér or disk, D, of
wrought-iron, mounted on the shaft a,.. Two
segments of the same are cut away, as shown.
The generator for this motor has in this in-
stance an armabure, A, wound with three
- eoils, K K’ K" at sixty degrees aparl. The
ends of these coils are connected, respectively,
to insnlated contact ringa s ¢ ¢ ¢ ¢": These
rings are connected o those of the motor in
proper order by means of eollecting-brushes
and six wires, forming three independent cir-
caits. The variations io the strength and di-
Tection of the currents tramsmitted through
these eircuita and traversing (he colls of the

.| The

as indicated diagrammat-

 terminals t ¥ L.

‘view of soch s motor.

motor prodnce o steadily-progressive shifting
of the regnltant attractive force exerted by the
poles G’ upon the armatare D, and conse-
quently keep the armature rapidly rotating.
'he peculiar advantage of this disposition is
in obtaining a more concentrated and power.
ful fleld. Theapplication of this principle to
systems involving muliiple eircuits generally
will be nnderstood from this apparatus. -
Referring now to Figs. 15 and 16, Fig. 15 is
& disgrammatic representation of a modified
disposition of my invention, Fig. 16 is ahori-
zontal cross-section of themotor. In thiscase
a disk, D, of maguetic metal, preferably cot
away ad opposite edges, as shown in dotted
lines in. the figure, is mounted so as to tarn
freely ingide two stationary coils,N' N”,placed
at right angles to one another.  The coils are
preferably wound on a frame, O, of izsulatiog
material, and their ends are connected totihe
fixed terminals T T'T' T". The generator G is
a repregentative of that class of alternating-
current machines in which a stationary in-
duced element is employed. "Thatshown con--
mists of a revolving permanent or electro-mag-
net, A, avd four independent stationary mag-
pets, P P, wound with coils, those diamet-
rieally opposite to.each other being connected
inseries and having their ends secared to the
rom ihese terminais the
currents are led to the terminals of the motor,
a8 shown in the drawings. The mode of op-
eration is subatantially the game a8 in the pre-
vious cases, the currents traversing the coils
of the motor having the effect to tarn the disk
D. This mode of carrying ont the invention

‘has the advantage of dispevsing with. the slid-

ing.oontacts in the system. S

" In'the forms of motor above described only
one of the elements—the armature or the field-
magnet—is provided with energizing-coils. It
remains, then, to show-how both elements may
be wound with eoils, Reference ig therefore
had to Figa. 17, 18, and 19" Fig. 17 is sn end
Fig. 18 is a -similar
view of the generator, with the field-magnets

in section;and Fig. 19 is » diagram of the eir-
coit-connections. [n Fig. 17 the field-magnet
of the motor consists of & ring, R, preferably-
of thin insulated -iron sheets or bands, with

eight pole-pleces, G, aod corresponding- re-

cesses in whieh four pairs .of eoils, 'V, are

wound. The diametrically-opposite paira of
colis.are connected in,series and the free ends

connegted to four terinals, w, the rale to be
followed in connecting being the same as here:

inbeforeexplained.. Anarmatare,D,withtwo

coils, B E, at right-angles to each other, is

monnted to rotate inside of the field-magnet
B. The ends of the armatnre-coils are con-

nected to two pairs of contact-rings, dd &' 4.

The generator for this motor may be of any

wsuitable kind to produce currenta-of the de-

sired character. In the present instance i
consista of a field-magnet, N &, and an arma-

ture, A, with.two coils at right angles, the
ends of which are connected to four contact:
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rings, b5 b ¥, carried by its.shaft. The cir-
cuit-connections are established between the
rings on the generator-ghaft and those ou the
motor-ghaft by collecting brushes and wires, &s

previcusly explained. In order te properly

energize the field-magnet of the molor, how-

ever, the connections are so made with the

‘armatare-coils by wires leading thereto that-

while the points 6f greatest altraction or great-
est density of magnetic lines of force uponthe
armature are shifted inh one direction those
upon the field-magnet are made to progressia
au opposite direction. In other respects the
operation is-ideutically the samo. 23 in the
other cases cited. This arrangement results
tn an increased speed of rotation. S

1 Figs. 17 and 19, for example,the{erminals
of each set of field-coils are connected with the
wires to the two armatdre-coils in suchia way
that the field-eoils will maintain opposite poles
in advance of the poles of the armature.

In the drawings the field-coils are inghunts
to'the armature; but they ay be in series or
in independent eirenits. :

1t is obvious that the same priuciple may

be applied to the various typical forms of mo--

tor hereinbefore deseribed.

Having now deseribed the nature of my in-
vention and some of the varions ways in which
it is or may be carried into effect, I would eall
attention to certain characteristics which the
applications of the invention possess, and the
advantages which:it offers. .

In my motor, considering, for convenience,
that represented in Fig. 9, it will be obseryed

that sioce the disk D hias a tendeney to follow.

continnonsly the points of greatest attraction,
and since these points are shifted around the
ring once for ench revolntion of the armature
of the generator, it fullows that the move-

ment of the disk D will be synchronouns with

that of the armature A. This feature by
practical .demonstration I have found to ex-
ist in all other forms-in which one revolation
of the armature of the'generator produces &
shifting of the ‘poles of .the motor' through
three hundred and.sixty degrees, .

" In the particolar modification shown in Fig.
15, or in otliers construeted on asimilar plan,
the number of alternating impulses resulting
from ong revoljtion of the generatpr-armature
iz double as eompired with the preceding
cases, and’ the polarities .in -the-motor are
shifted-around twjte by one revolution of the
generator-armatire, . L1
will therefors be'twice thas of the generator.
Thesame result is'évidently obtained by such
a disposition as-that:showd in Pig. 17, where
theé poles of both clements ave shifted in op-
posite dirdetions. ™, . - '

‘Again,conaidering
by Fig. 9 as'typical of the iuventio,
vious that since the nttradtive effect npon the
disk Dis greatest when the disk i8 in its proper
relative position to the poles developedin the

ECERE RN

ring B—that is to say, when ilgends or poles-

immediately follow those of the ring—the

The pesd of the motor:

the apparatus illustrated:
j¢al of the uventio, it is ob:
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speed of the motor for all loads within the
normal working limits of the motor will be
practically constant. . .
It is ciearly apparent that the speed can
never exceed the arbitrary limit as determined
by the generator, and also that within certain
limits, at least, the speed of the motor will be
independent of the atrength of the current.
It will now be more readily seen from the
above deseription how far the requirements of
.g practical system of clectrical transmission
of power are realized in my invention, Ise-
cure, first, a uniform speed under  all loads
within the normal working limits of the mo-
tor without the use of any anxiliary regula-
tor; second, synchropnism .between the wmotor
and the generator; third, greater efficiency by
the more direc application of the carrent, no
commutating devices being required on either
tbe_ motor or the generator; fourth, cheapness
1and simplicity of mechanical coustroction;
fifth, the capability of being very easily man-
aged or controlled, and, sixth; diminution of
danger from injury to persons and apparatns.
These motors may be run in gerica—multi-
pte arc-or multiple serics—under conditions
well understood by those skilled in the art
I am aware that it is not newto produceihe
rotations of a motor by, intermittently shifting
the poles of one of its elements. Thishas been
done by passing $hirough independent ener-
gizing-coils on oneof the element8 the cor-
{ rent from & biftery or other source of direct
or continuons carrents, reversing such cur-
rent by suitable mechanical apypliances, so that
it is directed throngh the. coils in alternately
opposite directions. In snch easés, however,
the potontial of the ewergizing- currents re-
mgins the same, their _direction only being
_chaoged. According to my invention, Jiow-
ever, I employ true alternating.carrents; and
my invention consists in the discovery of the
mode or method of utilizing such carrents.
The difference between the two plans and
‘the ad vahtages of mine are obvious. "By pro-
ducing an alternating current each impulse
of which involves a rise and fall of potential
I reproduce in the motor the éxact conditions
of the generator, aud Ly sueh currents and the
consequent prodaction of ‘resultank poles the
progression of the poles will be continaous
nnd not intermittent. In addition fo this,the
practical difficulty of interrnpting or revers-
ing a ewrrent of any considerable strength I8
.such that moneof the devices at present could
be made to cconomically or practically effect
the transmission of power by reversing in the
‘manfier described a continuous or direct eor-
rent.. Tuso far,then,asthe planof acking upon
one elemen of the motor i3 concerned, my in- '
vention involves the use of an alternating as
distinguished from & teversed curréut,ora cur-
rent which, while cofitinaons and c.?lire‘:eli, is
shifted from coil to coil by any.form of com-
rautator, reverser, or interrupter. With re-
gard to that port of the invention which con-
gists.in acting upon both elements of the motor
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simuftanconsly, I regard the nse of either al-- polaritiés of either or both elementa (the arma-
ternating or rove currents as within the | ture or field magnet or maguets) of & motor by
cope of the invention, although I do notcon-’ developing alternating. currents in lndepend-
gider the use of reversed currents of any prac-- ent circuits, incleding the mugnetizing-éoils of
tical jmportznce, . f any Proc-| o er or both elements, a8 herein set forth,

" What I claim is— . _ o . NIKOLA TESLA.
The method herein described of electrically ‘Witnesses: -
teansmitting power, which consists in produe- | PrAXK B. MURPHY,

ing o continuously-progressive shifting of the FRANK E, HARTLEY.
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Attornays

DEPARTMENT OF THE INTERIOR,
OFFICE OF THE BECERXTiRY,
Washington, D. C., July 15, 1805.
Sir: The Secretary of the Interior has ordered that Mary E.
Hansee, of Ellenville, N. Y., be not recognized after this date as
agent or attoroey in the prosecution of any clatm or other matter
before this Department or any Bureau thersof.

Veary respectfully,
Y Fospectly E. WOMACE,
Chief Clerk.
The Commissioner of Patents.
DISCTLATMITRS.

323,018, —Thaddeus Fowler, Bridgeport, Conu. IMPROVENERT IN
Saws. FPatent dated October 13, 1885. Disclaimer filed July
18, 1895, by Henry Q. Thompson, H. Graat T!w-mpm and
Samuel E. Mower, assignees.
Eater their disclaimer to s¢ much of said claims as cover cir-
cular saws and back-saws, leaving said claims to include only
hack-saws and band-saws.

362,280, —Nikola Tesla, New York, N. Y. IMPROVEMENT 13 ELEC-
TRICAL TRaNaMisesion or Powsn. Patent dated May 1, 1888
Disclaimer filed July 17, 1805, by the assignees, the Westing-
house Electric and Manufacturing Company, Pittsburg, Pa.,
and the Tesia Electric Company, New York, N Y.

Eater their disciaimer to such part of the claim of the said
patant as might by construction loclude the use of reversed cur-
rents for acting upon both elensents of a motor, it being the in-
tebt and purpoee of this disclaimer to limit the said claim to the
use of alternating currents, whether acting on one element or
both elements of the motor, as distinguihed from reversed cur-
Tenta or currents which, while continuous and direct, are shifted
from eoil to coil by any form of commutator, reverser, or inter-
rupter; and in furtherance of this purposs your petitioners, and

each of them, enter thelr disclalmer to the following paris of the
specification of sald Letiers Patent—viz, ic the last seatencs bat
one precediug the claim, the worda:

In 8o far, th as tha of
momn:h en, plan of acting upon one element of the
and alsothewozﬂseomposlng the last santence of the specifioa-
tion, aa follows:

‘With regard to that part of the Inventlon which conalsts in
acting upon both slements of the motor simal . Lragard
the use of aither aiternating or revarsad currents as within the
scope of the invention, a.l!hough T do nok consider the uss of re-
verged currents of any cal importanoce.

The Official Gasstta,

TaE Crvictil, GAZETTE is published every Tueceday, simulte-
neously with the weekly iasue of pateats. From J v 1, 1878,
(the commencement of its publication,) to June 30, 1883, it was
publizhed and bound in sami-annnsl volumes; since July 1, 1883,
in quarterly volumes, All subscriptions muet commence with
the beginning of a volume; nons taken for less than thres months.
Terma: To all mubseribers within United States and Canada,
$5 per annum ; to foreign subscribers, §10; single coples, 10 conts,
if malled to foreign countries 10 conts additional for postage;
bound semi-annual volumes, (prier to Jupe 30, 1883,) full sheep,
$4 per volume; bound guarterly volumes, (subsequeat to July 1,
188%.) full sheep, $2.75 per volume. Mo club rates. Puyment in
advance, All orders should be addreased to “The Commissionae
of Patents, Washington, D. 0.

Amendment to the Rules of Practioe

The following regulations for the conduct of procesdings in
the Patent Office are extablizshad:

@, Ap applicant will be consldered to persist in his elaim for
& patent without altering his specificalion in case ha fafl to act
in prosecution of tha same for six months after the Office action
thereon, and thersupon the Examiner will make & re-examination
of tho case.

1#4. In appealable casea in which no limit of appeal is fixed, no
appeal will ba eniertained by any tribunal in the Office unless
taken within six months from the action which puts the case in
condition for appeal, unless [t be shown tothe satisfaction of the
Commissioner that such delay was unavoldable,

68, In every case peuding before the Office more than five years,
in which the record ralses the presumption that thare have bean
intentional deiays in prosecution, the Examiner may require the
applicant to show cause why the case was not move rapidly prose-
euted, and at the hearing thereon, or upon failure of the appli-
cant to appear, the Examiver will detarmine, under all the ¢ir.
cumstances of the case, whather there have been intentional and
unreasonable delays in prosecution, and upon finding the fact to
ba 50, he will reject the case for that reason. Present Rules 85,
69, and 134 are repealed, and present Rule 68 is renumbered 89,

The foregoing rulss will be io effect cn and after April 15, 1895,
and will affect pending cases as though the last Office acticn wers
upon sald date,
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UNITED STATES

PATENT OFFICE:

NIEOLA TESLA, OF NEW YORE, N. Y.

ELECTRICAL TRANSMISSION OF POWER.

SPBci'E‘IC._A:IION forming part of Datters Pateat No, 382,281, dated May 1, 1888, .

Original applm filed Wovsmbar 3, 1837, Serial No, 258,502, Divided and this sppeation Aled March 9, 1883, &d&i Ha
. 904,758, (Ko modal} ~ . -

- .To all whom 1§ may concern: Co

Be it known that I, N1xoLA TESLA, from
Smiljan, Lika, border country of Austria-Huan-

v, and residing in the city, county, and
tate of New York, have invented certain new
and useful Improvementsin the Electric Trane-
mission of Power, of which the following iz a
specification, thid application belng a division
of an application filed by me November 30,
10 1887, Berial No. 256,562, o
: “In a previous #pplication filed by me—viz,,
Wo. 252,132, filled October 12, 1887—1I havy sel
forth aa improvement in motors and in the
mode or method of operating thesame, which,
15 generally stated, consists in progressivelyand
continuously shifting the poles or lines of
maximum magnetic effect of elther the field.
‘wmagnets or armature, or both, of a motor, and
thereby producing a 1wovement of rotation in
30 the motor. The meana which I have shown
“for effecting this, while varying in detail, are
axewplified in the following system, which, for
-present purposes, it will be sufficient to con-
sider a8 & typical embodiment of the invea-
55 tlen. - o
The motor is wound with coils formlng in-
dependent energizing-circuits on the arma-
ture, whbich ia a cylinder or disk mouuted to
rotate between two opposite magnetie poles.
30 These coils are conneoted up with correspond-
{ng induced or carrent-prodacing cireuits in
an alternating-carrent generator, Agaresnilt
of this, when the generator is set in motion,
currents of alternately-opposite direction are
35 directed through the energizing-colla of the
motor in such manner as to produce a pro-
gressive shifting or rotation of the magnetic
poles of te motor-armature. This movemeut
of the poles of the armature obviously tendn to
40 rotate the armature in the opposite direction
to that in which the movement of {he poles
takea place, owing to the attractive force be-
tween gaid poles and the field-magnets, and the
speed of rotation increases from the atart un-
45 til it equals that of the generator, supposing
both motor and generator to be slike.

As the maguetic poles of the armatare ate
ghifted in a direction opposite to that in which
the srmature rotates, it will be apparent that

so when the normal specd js attained the polen of

the armattire will sssume s fixed positlbn rela:

Hvely to the ield-magoets, and that in tonse:

qience the fleld-mugaets will be energized by
magnetiv induction, eghibiting two distinct
poles, otte on each of the pole-pieces. Inatari- 55
ing the motor, however, the speed of thear-
mature being comparatively slow, the pole-
pieces are subjected to rapid reversals of mag-
netic polarity; butasthe speed iboreasesthese

‘reversals become less and less frequent and 6o

finnlly cease, when the movement of the arma.-
ture becomes synchronous with that of the
generator. 'Thisbeing the case, the field-cores
or the pole-pieces of the motor become a msag:-
pet, but by induction only. - 65

I have found that advantageous results are
seonred by windiog the Beld magnets with o
coil or coils and passiug a contiguous curren$
through them, thus maintainiog a permanent .
field, and in this feature my present invention o
congists. ' S

1 shall now describe the apparalus which I
have devised for carrying ont this invention
and explain the mede of using or operating

‘the same.

Figare 1 is av end view in elevation of my
improved motor. Fig. 2isa pard horizontal
central section, and Fig. 3 Is & diagrammatic
representation” of the motor and generator
combined and conoected for operation. %o

Tet A A in Fig. 1 represent the legs or pole:
pleces of a fleld-magnet, around which are
coils B B, included in the circuit of & conting-
ous-current genegator, C, which s adapted to.
jmpart maguetism to the said poles'in the or- 85
dinary macber, .

D D' are two independent coila wonid upon
a snitable eylindrical or equivalent armaboze-
cors, which, 1{ke all others used In a similar
roanner, should be split or.divided up ioto go
alternate magnetic and insnlating parta in the
usual way. This armature is mounted iz non-
magunetic eross-bars E E, gecured to the poles
of the field-maguet. The terminals of the ar-
mature-coils D D are connected to insulated g3
gliding contact-rings ¢ o b5, 'carried by the
armature-shaft, and brushes ¢ o bear upon
these rings to convey o the colls the cnrrents
which operate the motor.

The generator for operating thismotor is or
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may be of ‘precisely identical construction,
and for convenience of reference I have marked
in Fig. 3 its parts, as follows: F F, the field-
magoets energized by a continuous current
5 passiog in its feld-coils G G; H H', the coils
carried by the eylindrical armature; d d ¢ e,
the friction or collecting rings carried by the
arpature-shaft and forming the terminals of
the armature- coils; aud f J the collecting-
brushes which deliver the carrents developed
in the armature-coils to the two circuits 99,
which connect the generator with the motor.
The operation of this system will be under-
stood from the foregoing.  'The action of the
generator by causing a progressive shifting of
the poles in the motor-armature sets up in
the latter a rotation opposite in direction to
shat in which the poles move. If, now, the
continuous cnrrent be directed through the
field-eoils 80 as to strongly energize the mag-
net A A, theaspeed of the motor, which depends
upon thatofthe generator, will notbeincreased,
but the power which produces its rotation will
: be increased in proportion to the energy sup-
25 plied through the coils B B. It is character-

- istic of this motor that its direction of rota-

10

5

20

tion is nat reversed by reversing the direction.

of the current through its field- coils, for .the
direction of rotation depends not upon the
polarity of the field, but upon the direction
in which the poles of the armature aroshifted.
‘Lo reverse the motor the connections of either
of the circuits g ¢’ must be reversed.

1 have found that if the field-magnet of the
motor be strongly energized by.its coils B B,
and the circuits through the armature-coils
closed, assuming the generator to be running
ut a certain speed, the' motor will not start;
‘but if the field be but slightly energized, or in
general in such condition that Yhe magnetic
influence of the armature preponderates in de-

‘termining its magnetic condition, the motor
will start, and with sufficient current will
reach its maximum or normal speed. For
this reason it is deairable to keep at the start,
and until the motor has attuined its normal
speed, or nearly so, the field-circuit open, or
to permit but little currant to pass through it,
I have found, however, if the fields of both the
generator and motor be strongly energized
that starting the generator starts the motor
and that the speed of the motor is increased
in synchronism with the generator.

30

35

40

45

o

Motors constructed and operated on this
principle maintaio almost absolutely the same
speed for all loads within their normal work-
ing.limils, and in practice I bhave observed
that if the motor be overloaded to such an ex-
tent as to check its speed tbe speed of the
generator, if its motive power be not too great,
is diminished synchronously with that of the
motor.

I have in other applications shown how the

55

6o

_coustruction of these or similar motors may be

varied in certain well-known ways—as, for in- &3

stance, by rotating the field about a station-

ary armature or rotatiog conductors within
the field—but I do not illustrate these features
further herein, as with the-illustration which

I have given I regard the rest as within the jo
power of a person skilled in-the art to con-
struet. .

I am aware that a device embodying the
characteristics of a motor and baving a per-
maneotly-magnetized field-magnet has been
operated by passing through independent coils
on its armature & direct or continuous current;
in opposite directions. Such a system, how-
ever, I do not regard as capable of the prac-
tical applications for'which my invention is
designed, nor is it the same in prineiple or
mode of operation, mainly inthat the shifting
of the poles is intermittent and not contin :-
ous, and that there is necessarilv ihvolved a
waste of energy. _ L

In my present application I do notlimit my-
self to any special form of motor, nor of the
means for prodaciog the alternating currents -
as distinguished from what are called ‘fre-
versed currents,” and I may excite or energize
the field of the motor and of the generator by
any source of current which will produce the
desired result.

‘What I claim is—

"The method herein- deseribed of transmit- 95
ting power by electro-magoetic motors, which
consists in continuously and progressively
shifting the poles of one element of the motor
by alternating currents and magnetizing the
other element by a direct or continuous cur. 100
rent, as set forth. oo

8o

85

NIKOLA TESUA.

Witnesses:
FraNic B. MurrHaY,
FRANK E. HARTLEY,
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UNITED STATES

PaTeENT OFFICE,

NIKOLA TESLA, OF NEW YORK, N. Y.

METHOD OF CONVERTING AND DISTRIBUTING ELECTRIC CURRENTS.

SPECIFICATION forming part of Letters Patant No, 382,282, dated May 1,1888.

Original application £163 Dectmber 93, 1847, Sarlal No. 258,767, Divided and th's applicaiion fled Marah 9, {865, Serisl Xo.
' 264,757,  (No model,)

Io all whom it may concern: .

. Be it knowu that I, NIxoLA TEaLA, from
8miljan, Iitka, border country of Anstria-Han-
gary, and now residing at New York, in the

5 conuty and Stato of New York, have invented
certain new and usefnl Improvements in Meth-
ods of Converting and Distributing Electric
Currents, of which the following is s specifica-
tlon, $his application being a division of anap-

e plication filed by me December 23, 1887, Serial

Ko. 268,787,

This invention relates to those systems of
electrieal distribation in which a éorrent from

a single source of supply in & main or trans-
15 mitking circuit is cansed to indoce, by means

‘of suitable induetion apparatus, a carrent or

currents in an independent working eirenlt or
gireuita. :

The main objects of the invention arg the

20 sgme a8 have been heretofors obtained by the

use of these systems-—-viz., to divide the cor-

rent from & Bingle source, whereby a number

of latnps, motors, or other translating deviees

may be independently controlled and operated

25 by the same souree of currenf, and in some

cases to redace a current of high potential in

the main clrcnitto ono of greater quantity and

lower potentisl in the independent consamp-
‘{ion or working eircuit or eircuits. . -

The general character of the devices em-
ployed in these systems is now well onderstood.
An alternating - current magneto-machine js
used as a source of supply. The current de-
veloped thereby is conducted through a trans-
55 mission-clreuit to one or more distant points,

at which the transformers are located. These

consist of induction-machines of vaxious kinds,

In some cases ordinary forms of indnefion-

coil haye been used with onc eoil in the trans-

4o mitting-cirenit and the other in alocal or con-

*" sumption circuily the coils being differenily

' proportioned, aceording to the work to be

done in the consumption-eircuit—that is to

gay, if the work requires a current of higher

45 potential than that in the transmission-circuit

the sacondary or induced eoil I8 of greater
length and resistance than the primary, while,
on the other hand, if a guantity current of

lower potentizl is wanted, the longer soil 8

5o made the primary. In ley of these devices

30

varlons forms of electro-dynamic induction: |

machines, including the combined motors and
generators, have been devised. For instance,
& motor is constracted in accordance with well-

'undergtood prinelples, and on the same arma- 55

ture are wound induced coils which constitute

a gonerator, The motor-eoils are generally of
fine wire and the generator- coils of cogrser
wire, so 83 to prodaco a current of greater
quantity and lower pobential than tholine-cur- 6o
rent, which is of relatively high potential to -
avoid logsinlong transmission. .Asimilarar-
rangement 8 to wind eoils eorresponding to
thosa described on = ring or similar core, and
by means of & commutator of snitable kind to 65
direct the current through the indnoing-coils

-gnceessively, so a3 to maintain & movement of

the poles of the core or of the lines of foree
which set np the eurrents in the induced coils.
‘Without enumerating the objections to these 7o
systems in detail, it will sufflce to gay that the
theory or the principle of the action or oper-
ation of these devices has apparently been so
1litt}o understood that their proper construc-
tion and use have, up to the present time, been
attended with varioas diffienities and great ex-
pense. 'The transformers are very liable to be
injarsd and burned ont, and the means regorted
to for ouring this and other defcets have in-
variably beon ab the ex of eflicicney. I
havediscovered amethod of conversionand dis-
tribution, however,which is not subject Lo the
defects and ohjections to whieh Ihave allnded,
and which ia both efficient and safe. I secure
by it a conversion by true dynsmie induction
under hi%hly efficient conditions and without
the use of expensive or complicated apparabns
or. moving devices,which in use wear onf and

75

85

‘require attention. This method consists in

progressively and continuonsly shifting fhe
line or poiuts of maximom effect in an induct-
ive field across the convolutions of & coil or
condactor within the influence of maid field
and in¢luded in or forming part of a second-
ary or translating circuit. .
In carrying out my invention I provide a
geries of inducing-coils and eorresponding in-
duced colls which, by preference, I wind upon
a core closed upon ilself--soch as an anoulos -
or ring—subdivided in the usual manuer. The 1ot
two safs of boils are wonnd side by side orga- -
perposed or otherwise pliced ih well-known

95
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ways to bring them into the most cffective re-
lations to one another and to the core. The
induocing or primary coils wound on (he core
are divided into pairs or scts by the proper

electrical conncetions, so that while the coils.

of one pair or set co-operate in fixing the mag-
netie poles of the eore at two given diametrie-
ally-opposite points the coils of the other pair
or gsel—aseaming, for the sake of illustration,
that there are but two—tend to fix the poles
a{ ninety degrees from srch points. With this
induction device I use an alternating-current
generator with coils or sets of coils to corre-
spond with those of the couverter,and by means
of suitable conduectors I conneet up in inde-
pendent cireuits the corresponding coils of the
geuerator and converter. Ib results from this
that the different clectrical phases in the gen-
erator are attended by corresponding magnetic
changes in the converter; or, in other words,
that as the geverator-coils revolve the points
of greatest maguetio intensity in the converter
will be progressivelyshificd or whirled aronnd.
This privciple I have apptied nader variously
modified condilions to the operation of elec-
tro-magmetic motors, and in previous appliea-
tions—notably in those having serial numbers
252,132 and 256,661—TI have deseribed in de-
tail the manner of construcling and using sach
motors.

Io the present application my object is to
describe the best and most couvenient, manner
of which I am at present aware of carrying
ont the invention as applied to a systen of
cleetrical distribution; bat one skilled in the
art will readily understand, from the deserip-
tion of the modifications propoesed in said ap-
plications,wherein the form of both tho gener-
ator and converter in the present case may be
modified. In illastration, therefore,of the de-
tails of construction which my present inven-
tion involves, Inow rofer to the accompanying
drawings..

Figure 1 is a diagrammatic illustration of
the converter and the electrical connections of
the same. TFig. 2is a horizontal central cross-
section of Fig. 1. TFig. 8 is a diagram of the
circuits of the entire system, the generator
being shewa in scetion.

T use & core, A, whieh is closed upon itself—
that is to say, of an supular, eylindrical, or
equivaleot form—and as the efliciency of the

.-apparatus is largely incrensed by the subdi-

6o

65

vision of this eorc I make it of thin strips,
plates, or wires of soft iron electrically insn-
lated as far as practicable. Upon this core, by
any well-known method, Iwind, say, foarcoils,
B B B’ B/, which I us¢ as primary coils, and
for which I uselong lengths of comparatively
flne wire. Ovcrthese coils Tthen windshorter
coils of coarser wire, C C C' C, to constilate
the indaced or sccondary coils. Theconstrae-
tion of this or any equivalent form of eonverter
may be carried farther, as above pointed out,
by inclosing these coils with iron—as, for ex-
ample, by winding over the coils o layer or
laycss of insulated iron wire. ’

382,282

The device i8 provided with saitable bind-
ing-posts, to which the ends of thoe coils are
led.” The diamelrically-opposite coilsB Band
B’ B’are connected, respectively, inseries, and
the four terwminals are connected to the bind-
ing-posts 1 2 34. The induced coils arc con-
neceted together in any desired manner, ¥or
exnmple, 1s showu in Fig. 3, 0 C may be con-
nected in wultiple are when a gaantity car-
rent is desired—as for running a group of in-
candescent lamps, D—while ¢’ C' may be in-
dependently connected in series in a circuib
inclnding are lamps D', or the like.

The generator in thissystem will be adapted
to the converter in the manner illustrated.
For example, in the present ense I employ a
pair of ordinary permanent or clectromagnets,
E E, between which is mouunted a eylindrical
armature ou a shaft, I, and wouond with two
coils, G G'. The terminals of these coils are
connected, respectively, to fonr insnlated con-
tact or collecting rings, I H H' H', and the
four line-cirenit wires L connect the brushes
K bearing on theserings to the converter in the
ordershown. Noting the results of this combi-
pabion, it will be observed thatata given point
of time the coil G is in its neatral position and
is generating little or no current, while the
other coll, ¢, isin a position where it oxertsits
maximum effect. Assaming coil G to be con-
nected iun cirenit with coils B B of the converter
and eoil (¥ with coils B’ I¥, it is evident that
the poles of the ring A will be determined by
coils B’ B alonc; but us the armature of the
generator revolves, coil G develops more cur-
rent and coil G’ less uulil G reaches its masi-
mum and G’ itsucutral position.
result will be to shifs the poles of -the ring A
through cne quavter of its peviphery. The
movement of the coils throngh the next guar-
ter of a turn,during which eoil G’ entersa field
of opposite polarity and gencrates a corrent
of opposite direction and increasing strength,
while coil G is passing from its maximam to

70

55

100

Tho obvious .
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110

its nentbral position, generates a eurrent of de-

creasing strepgth and same direction as be-
fore, and causes o further shifting of the poles
through the second quarter of the ring, The
secoud half- revolution will obviously be a
repetition of thesamenction. Dy theshifting
of the poles of the ring A a power-dynamie in-
ductive efifect on the coils C €' is prodneed.
Besides the currents generated in the seeond-
ary eoils by dynamo-magnetic indnction,other
currents will be sef np ju the same coils in
conscequence of any variations in the iutensity
of the poles in the ring A. This should be
avoided by maintaining the intensity of the
poles constant, to accomplish which ecarc should
be taken io designing and proportioning the
generator and in distriboting the coils in the
ring A and balanciug their effect.  When this
is done, the currcnts are prodnced by dynamo-
magaetic induction only, the same result be-
ing obtained as though the poles were shifted
by a commutator with an ivfinite number of
segments. ’ :

;3
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The apparatus by means of which this
method of eonversion is or may be carried oub
may be varied almost indefinitcly, The spe-
cifie form which I have hereia shown I regard

5 a8 the besh and most efficient;, and in another
application I have elaimed it; but I do not
limit myself Lherein to the use of any particn-
lar form or combination of devices which isor
may be capable of effecting the same result in

to a gimilar way.

What I claim is— _

" 1. The method of electrical conversion and
distribntion herein deseribed, which consists
in continuously and progressively shifting the
15 polats or line of maximum effect in 20 indnet-
ive field, and induoecing thereby enrrents in
the coils or convolutions of a-circuit located

within the inductive infleence of said field, as
herein set forth.

2, The method of elecirical conversion and 2c
distribution herein deseribed, which eonsists
in gencrating in independent eircuits produc-
ing an Inductive field alternating eurrents in
guch order or manner a8 to produce by their _
conjoint cffect a progressive shifting of the 23
points of maximum effect of tho field, and in-
ducing thereby currents in tbe eoils or convo-
lations of & cireuit located within the induet-
jve influenee of the field, a3 et forth.

. NIKOLA TESLA.

‘Witnesses:
FrANk B. MUREHY,
I’eAKRK I.. HARTLEY.
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To all whot t& may concerry: :
Be it known that I, NIxoLA TESLA, from
Smiljan, Lika, border country of Austria-Hun-

_ gary,at presentresiding in the city, connty, and

‘s State of New York, have invented certain new

and useful Improvements in Commutators for
Dynamo - Electric Machines and Motors, of
which the following is .a specification, refer-
ence being had to the drawings accompanying

10 and forming a part of the same.

s

‘This invention relates to dynamo-eleetric
machines or motors, and isan improvement in
the devices for commutating and collecting the
enrrents; . o L

The objects of tlie invention are, first, to
avoid the sparking and the gradual wearing
away or destruction of tlie ecommutator-seg-
ments  and brushes or collectors resulting
therefrom; seeond, to obviate the necessity of

20 readjustment of the commutator or thebrushes

25

or collectors and other consequences of the

wear of the same; third, to render practicable-

the construction of very large dynamo-electric
machines and motors with the minimum num-
ber of commutator-segments, and,fourth, toin-
creasc the efficiency and safety and reduce the
cost of the machine. ‘ o 7

In carrying out my invention in a manner
to accomplish these results I construet a_com-

30 mutator and the collzctors therefor in- two

15

parts mutunally auapted to oneanother, and, 50
far as the csscatial features are concerned,
alike in mechanical structure. Selecting as
an illustration a commutator of two segments
adapted for use with an armature the coils
‘or coil of which have but two free ends, con-
nected respectively to the said segments, the
bearing-surface is the face ol a disk, and is
- formed of two metallic guadrant-segments and

40 two insulating-segments of the same dim¢n-

sions, and
smoothied off, so thut

the ‘face of the disk “should be
the metal and ingulating

~ segments are flush. The part which takes the

45

place of the usual brushes,or what I-term the
“igollector,’” is a AiSk of the same character as

the commutator and baving a surface simi-

larly formed with two insulating and two me-
tallic segments.” Thesetwo partsare mounted
with their faces in contact and in sach man-

per that the rotation of the armature causes :

of these segments, )
_are in electrical connection with the ends of

the 'commut-ator to turn upon the collector,
whereby the currents induced in the coils are

‘taken off by the collector-segmentsand thence

conveyed off by snitable conductors leading
from the collector-segments, - This is the gen-
eral plan of the construetion which I havein-
vented; Aside from certain adjancts, the na-
ture and functions of which will be hereinaf-
ter set forth, this means of commutation will
be secen to possess Imany important advan-
tages. In the first place the short-cireuiting
and breaking of the armature-¢oil connected
to the commutator-segments oceur at thesame
instant, and from the nature of the construc-
tion this will be done with the greatest pre-
cision ; secondly, the duration of both the
break and that of ‘the short cirenit will bo re-
duced to 4 minimum, The first results in a
reduction which amounts practically to asup-
pression of the spark, sincethe break and the
short circuit produce opposite effects in the
armature-coil. The second has the effect of

diminishing the destructive eflect of a spark,
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sinee this would be in a measure proportioned .

to the duration of thespark, while lessening the

duration of the short circuit abviously.in- -

creases the efficiency of the machine, = - -
The mechanical advantages will be better

understood by referring to the accompanying

drawings; in which— :

8c

- Figure 1s'a central longitudinal gection of -

the end of a shaft with my improved commu-
tator carried thereon. Fig. 2 is a view of the
inner or bearing face of the collector. Fig. 3
is an end view from the armature side of a
modified form of commutator, . Figs. 4 and b
are views of details of ¥ig. 8. Fig:6 is alon-

gitudinal central section of another modifica-

8s

tion, and Fig. 7 is-a sectional view of the same.

A is the end of the armature-shaft of a dy-
namo-electri¢ machine or motor. - . - .
A’ is o sleeve of insulating waterial around
the shaft, secured in place by a screw, @',-or
by other suitable means. oL :

The commutator proper is in the form of a

95

disk which is-:made up of four segments, DD’ .
G ¢, similar o those shown inFig. 3. Two .

as D IV, are of metal and

the =oils on the armature. The other two seg-
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menls are of insulating material. . The seg--
ments are held in place by a band, B, of in.
sulating material. The digk is held in place
by friction or by serewy, such as ¢’ ¢, Fig. 3,
~which secure thé disk firmniy to the sleeve A,
The eollector is. made in the same form as
the ecommutator. * It is composed of tlie two
metallic Segments E B and the two insulating-
gegments ¥ ', bound together by a band, C.
The metallic segments-1 E"are of the same or
" praclically the same width or extent as the
insulating segments or spaces of the commau-
tator. The collector is secured to asleeve, B,
by screws g g, and the sleeve is arranged to
turn freely on the shaft A, The end of the
sleeve B’ is closed by a plate, as f, upon which
presses a pivot-pointed screw, L, adjustablein
a spring, H, which acts to maintain the col-
lector in close eontact with the commutator
and to compensate for the play of the shaft.
Any convenient means is employed to hold
the collector so that it may nob turn with the
shaft. - For example, I:have sliown a slotted:
plate, X, which is designed to be attached to
a stationary support, and an arm extending
from the collector and carrying a clamping-
screw, L, by which the collector may be ad-
- justed and set to the desired position,
- T prefer in the form shown in Figs. 1 and 2
to fit the insulating-segments of both commu-
tator and collector loosely aud to provide some
means—as, for example, light springs e ¢, se-
., cured to the bands A’ B, respectively, and
bearing dgainst the segments—fo exert a.light

. 2

35 pressure upon them and keep them in close

contact and to compensate for wear. . The
metal segments of the commutator may be
moved forward by loosening the screw o/, .

The cireunit or line wires are led from the

thereto in any convenient manner, the plan of
connections being shown as applied to 3 modi-
fied form of the commutator in Fig. 6. ‘The
commutator and the collector in thus present-
ing two flat and smooth bearing-surfaces pre-
‘vent- by mechanical action. the occurrence of
sparks, and this is more effectively accom-
plished as.is here done—that is to say, by the
interposition -of an ‘insulating body between
the separating plates or segments of the com-
mutator and collector—than by any other me:
chanical devices of which I 4m aware. -
The insulating-segments are made of some

‘hard material capable of being polished and

formed with sharp edges. Suchmaterials as
glass, marble, or soapstone may be advanta
geously used. The metal segments are pref-
erably of copper or brass; but'they may have
. " a facing or edge of durable material--such as
6o platinnm or the like--where the sparks are
liable to-oceur. '

In Fig. 3 a somewhat modified form of my
invention is shown, a form designed to facili-
tate the construction and replacing of the
65 parts. In this form the commuftator and col-
lector are made in substantially the same man-
ner as previously desecribed, except that the

metal segments of the collector, being secured,

| with a single'armature, as will be well under-

382,945

ments of each part, however, are secured to
their respective sleeves by serews g’ ¢, and
one edge of ench segment is eut away, so that
small plates ¢ b may be slipped into the spaces
thusformed.  Of these plates a ¢ are of metal,
and are in contact with the metal segments D

" D', respectively. Theothertwo, b, areof glass

or marble, and they are all preferably square,
as shown ip Figs. 4 and’5, so that they may
be turned to present new edges shounld any
edge become worn by use. Light springs d
bear upon these plates and press those in the
commutator toward those in the collector, {an_d
insulating-strips ¢ ¢ are secured to'the periph-
ery of the disks to prevent the blocks from-
being thrown out by centrifugal action. These

- plates are, of course, useful at those edges of

the segments only where sparks are liable to
occur, and, as they arc easily replaced, they
are of great advantage.
with platinom or silver, N

In Figs. 6 and 7 is shown the construection
which I use when, instead of solid segments, a
fluidisemployed. Inthiscase thecommutator

and collector are made of two insulating-disks,

S T, and in lien of the metal segments a space

-is cuf out of each part, as at R R, correspond-

ing in shape and size to a metal segment.

‘bands B C may be omitted. ~The four seg-
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.T prefer to coat them
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The two parts are fitted snioothly and the col- -

lector. T held by the screw . and spring H
against the commutator S. . As in the other

.cases, the commutator revolves while the col-

lector remains stationary. - The ends of the
coils are connected to binding;posts s s, which
are in electrical connection with metal plates
¢ ¢t within the recesses in the two parts S T.
These chambers or recesses are filled with
mercury, and in the collector part are tubes
W'W, with serews w w, carrying springs X
and pistons X', which compensate for the ex.
pansion and contraction of the mercury under
varying temperatures, but which are suffi-
ciently strong not to yield to the pressure of
the flnid ¢=e 1~ centrifugal action, and which
serve ag binding-posts. .

In all theabove cases I have deseribed com-
‘mutators adapted for a single coil,and the de-

I0C
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vice is particularly adapted to snch purposes.

The number of segments may be inereased,

however, or more than one commutator used

stood. :

Although I haveshown the bearing-surfaces
as planes at right angles to the shaft or axis,
it is evident that in this particular- the con-
struction may be very greatly modified with-
out departure from the invention.

Without confining myself, therefore, to the
details of construction which J#ave shown in

1 illusbration of the invention, what I claim as

new is—

1. In a dynamo-electric machine, the com-
bination, with a commutator formed with con-
ducting terminals or segments with interven-
ing Insulating-spaces, of a collector adapted.
to bear upos the surface of the commutator.

- I2¢
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and formed with conducting terminals or seg- | ing a bearing-surfice formed of alternate see-
ments equal in extent to. the insulating-space | tions of conducting and insulating maferial,
between the commutator-segments,asset forth. | of a collector with agsimilar and symmetrically-
2. The combination, with a commutator | formed bearing-surface and means for apply-
5 built or formed of alternate blocks or seg- | ing spring-pressure to force the two bearing- 23
ments of conducting and insulating ‘material, | surfaces together, as 8et forth.
of a collector adapted to bear upon the surface.| 5, The combination,with a commutator and
of ‘the commutator and formed of conducting | a collector the bearing-surfaces of which are
- blocks or segments of a width or extent equal | identical in respect to the disposition of the
. 1o to that of theinsulating-segments of the eom- | condueting dnd insulating parts, of meansfor 30
mutator and separated by interposed blocks' applying spring-pressure to maintain the two
- or segments of insulating -material, as de- - bearing-surfacesin contact and means for hold-
seribed. : . | ing the collector against rotary movement, as
3. The combination, with a commutator | set forth, . 4 '
.15 formed as a disk with alternate terminals or -Bigned this 218t day of April, 1887,
segments of conducting and insulating ma- .

terial, of a collector similarly formed and S ' NIKOLA TESLA.
mounted with its face in eontact with that of  Witnesses: _
the commutator, as set forth. ' ’ Rorr. F. GAYLORD,

26 . 4. The combination, with a commutator hiay- FRANK E. HARTLEY.
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To all wnom it may CORCETR:
Re it known that I, RixorA TESLA, 8 sab-
. ject of the Emperor of Austria, from Smiljan,
Lika, border country of Austria-Hungary, re-

-5 giding in the city, county, and State of New

York, have invented certain new and useful
Tuiprovements in Systeme of Electrical Dis.
tribntion, of which the following is a specifi-
cation, reference being had to the drawings ac-
companying end forming & part of the same.

In previous applications for patéats made
by me I have shown and descrived electrical

10

gystems for the transnission of power und the |

coaversion and- @istridupion of electrical en-
ergy, in which the motora rud the transformerss
contain two or moreceilsor setsof coils, which
awere connected up fa lndependent circuits
with correspondiog coils of aw alternating-cor-
rent generator, the cperation of the gystein be-
iog bronght about by the ¢o-operation of the
alternabing eorrents in. (he independent eir-
cuits in progressively moving or shifting the
‘poles or points of maximom magnetic effect of
the motors or couveriers. - In these systems,
as I have described them, two independent
conductors were employed for each of the
indepsndent cirenits conneeling the gener-
ator with the deviecs for convertiog the trans.
mitted enrrents ioto ‘mechanical energy or
into electrie currents of another charmcter;
buot ! have fornd that this is vot always peees-
sary, and that the. two or more eircaits may
have & single return path or wire in common,
with o loss, il any, which ia 8o ex{remely slight
that it may be disregarded entirely, Forsake
of illustration; if the generator have two in-
dependent eoils and the motor two coilsor

18

20

25

30

35

two sets of eoils in corresponding relations to

ils operntive elements one terminal of each
generator-coil is counceted to Lhe correspond-
inﬁﬁtci-mimﬂs of the motor coils through two
independent conductors, while the opposite
terminals of the respective toils are both con-
nected to one retury-wire, '
"I'his invention i6 applieable to my system
" in various ways, a5 will bc 8een by reference.
to the dvawings, in which— -
. Figure 1 is a disgrammatic {lactration of &
generator and single motor constrocted and,
50 electrically connected in'sccordance with the

40

45

Serin o, 270,185, (Ko mede’)

juvention, Fig. 2 is & diagrom.of the system
a5 it is nsed in operating mojors orconverters,
or both, in parallel or muliplc are. Fig. 3
jilustrates diagramméatienlly the manper ol
operating. two or more motors or converters,or 35
Loth, in series. T

It is obvions that for purposes of this inven-
tion motors or transformers, which may beall
designated as * converters,"’ are thosame,and -

‘thay either or both may be aperated.by the 6o

same gystem or arrangement of clreaits. - .

" Referring to Fig. 1, A A designate the poles

of the field-magaeis of an alternating-enrrent
genersbor, the srmatare of -which, being in
this case gyliodrical in form and mounted ona &5
shaft, C, is wound longitndinally with coils. B
B'. The shaft G carries three insulated eon-
bact-rings, a & ¢, o two of which, 18 & ¢, one
terminal of each eoll, as ad, is conpected. The

16 naining terminalg, [ g, ore hoth counected 70
{o the third ring, 4.

A motor ln this case is shown as composea
of & ring, I, wonnd with fony collg, L1 3 J,
clectrically connected, 80 as to co-operate in
pairs;with a tendency to fix the poles of the
ring at four poinis ninety degrees apart.
Within the magnetie ring H is a disk or gy-
lindrical core wonond with two coilg, G G,
which may, be connected to Torm two ¢closéd
circuits. The torminals j k of the t% o sefa.or
pairs of colls are counected, respectively, to
the binding-postd’ ¥ ¥, and the other termi.
uglg, A 4, are conaected to a single binding-
post, Y. “To operate the molbor, three line-
wires are used 1o connect the terminals of the
generator with those of the'motor. o

So far 'ss the apperent -action .or mode- of
operstion of this arrdngement i3 concerned,
the single wire D,which is, 0 to speak,a eom-
mon retura-wire for both circuits, may be re-
gardel as two independent wirga. In-illus.
tration, with the order of cosnedtion shown,
coil B of the generator'is produeing its maxi-
mum curpént and'coil B its migimum; bence
the current which passes through wire ¢ ring
b, brash' ¥, llne-wire B, terminal X wire 4,
goils 1 I, wire or. terminal D', line-wire Dy
brosh o, ricg a, and wire' f, _ﬂ’zes_tha polar
line of the mwotor midway beétween. the two
coils I I; but as the coil B moves from the po- 1o

75
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" sition-indicated it gencrates leas enrrent, while
coil B, moving into the field, generates more.
The carrent from coil B passes fhrough the

devices and wires designated by the lettersdy

5¢¢, P, KJJ, i DD a, ¢, and g, sud
the position of
due to the resultant effect of the currenis in
the two ects of coilg—that is, it will be ad-
-vanced in- propartion to the sdvance or for-
10 ‘ward movement of.the armature eoils. The

movement of the generator-armature thron h.

one-guarter of a Yevolution will obviously

bring coll B into its nentral position and coil

B into its position of maximum eflect, and

15 thia ghifts the poles ninety degrees, natheyare

-~ fixed solely.by coils'B. Thie action is re-

peated for each quarter of & complete revoln-
tion. - n

YWhen more than one motor or other device

20 is employed, th may be run either in paral-

el orgeries. In Fig. 2 the formerarrangement

js shown. The elecirizal deylee isshown a3

a converter, I, coustructed as I have described

jn my application Seria! No. 258,787, filed

35 Deeember 23, 1887. Thetwo gets of primary.

coild p r are connected, respectively, to the
mains F E, which are electrically conn
with the two coils of the generator. The
eross-cirenit wires I m, making these conneo-
. 30 tions, ure then connected to the eommon re-
turn-wire D. The gecondary coils pyTarein
ciredits = o, includlog, for éxample, incan-
desnent lam%. Ouly ope donverter is shown
entireiin this figure, the others being illns-
35 trated diagrammatically. -
7 When motors or donverters are tobe run io
series the two wires E Fare led from the gen-
erdtor to the colla of the first motor or con-
serter, ther continued on to the next, and so
on through the whole series, and are then
joined to the single wire D, which compiletes
both elrevits throozh the generator. This is
ghown_in Fig. 3, in which J-1 represent the
two ooils or sets of coils of the motors.
-45 Obviously it is immaterial to the operation
of the motor or equivalent device in Fig. 1
what order of connections is chiserved between

40

the respective terminals of the gewerntor or |

motor. . . ]

T bave described the invention in jts best
and most practieable form of which 1 am
aware; but

:50

there are other conditions under
. which it may be carried out. For cxample, in

casa the motor and generator each hag throe in-
. 55 dependent eircnils, ong terminal of cach eir-

tlre poles of the motor will bo

calt ja counected fo a line-wire and the other
three terminalstos eommon retern-conductor.
This arrangement will secoresimllar resulis to
those attained with a generator and motor bav-
ing bub twoindependent cirenits, as abovede- 6o

seribed. :

When applied to snch machines and molars
as have three or more induced circuits with &
eommon electrical joint,the threeor more ter-
minals of the generator would be sim ly con- 65
ancted to thoes of the motor. Such forms of
machines, when adapted in this manaer to my
gystem, I have, however, found to be less efi-
clent than the others,

The lnvention isapplicable to machines ahd yo
motors of varions types, and according to cir-
cumstances and conditions readily understood.
with more or less eficlent results I do nat
therefore limit myself to any of the details of
constraction of the spparatas horein shown. 75

What I claim js— -

1. The combination, with a generator hav-
ing independent carreat-generating cireaits-
and & converter or -converters having inde-
pendent and corresponding eicenita, of inde 8o
pendent conductors eonnecting one terminal
of each generator-eirenitwith o corrésponding
terminal of the motor and 2 éingle eondnetor
connecting the remaining g;e_nem.tor nnd eon-
verter terminals, g set forth. -

2, The combination, with a generator hav-
lngdl fudependent iaurrent-geneml;in? cirenits
and & converter: or converters baving inde-
pendent and_corresponding circaits, of inde-
pendent line or conhecting cirenits formed io
part through a conductor common to all, a8
seb forth. - )

. 8, 'The system of electrical distribution
herein set forth, consisting of the combina-
tiom, with an siterpating - curren$ generator
baving independent generatingcircoits: and
electro-magnitic motors or converters pro-
yided with corresponding cuergizing-circuits, -
of )ine wires or conductors connecting the coils
of the motors or couverters, respectively, in
series with one termingl of each circuit of the

nerator, and a single return wire or con-

uctor connecting the said conductors with
?10 hother terminals of (he generatoT, nd Bet -
orih.

85

93
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NIKOLA TESLA.

Wilnesses:
: -Rorr. F, GAY1082D,
Frank .E. HARILEY.
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UNITED STATES

PaTenT OFFICE.

NIKOLA TESLA, OF NEW YORK, N: Y., ASSIONOR TO THE TESLA ELECTRIC
COMPANY, OF SAMR PLACE.

‘DYNAMO-ELECTRIC MACHINE.

SPRCIFICATION farming past of Letters Patent Io. 390,414, dated October 2, 1588,

Angtioarion ol Al 23, 1682,

To all avleons iEinyy concern:

 Be itknowmodbat. Iy Nikora TrSLA, & sub-
Jject of the Buiperotsof Anstria, frors Smiljaa,
1ika, berder. country of Aunstria- Hungary,

§ now residing at-New York, in the connty and.

! S{a.te'nfﬂewg;?@m'k,‘.hnve lnvented eerinin new
and usefnl Tmproyenrents in Dynamo-Electric

Machineg,;of :which.the following is » specifl-.

cationysreference-being had to the. drawings
10 nccmnpnnying‘n_nd"{ormi_ng n part of the same.
In certatn-patentsgranted to Charles F. Peck

and myself—notahly in Patents No. 381,868
and Nou382;280;Miy 1, 1888—1 have shown

anddescribed a plan-of covstrueting and oper--

ts ating motors, transformers, and the like, by al-
ternating -earrents -conveyed through two or
more. {ndependent cirenits jrom & generator
having®sueh reélation to the motors or travs.
foriners ‘as:to profduce therein o progressive
a0 movehent:of. thesmagnetic poles or likes of

.foree. In the said ‘applications the descrip-

tionsaind-fllustrations of the generators were
confincd-tn-thosetypes of alternating carrent
wachine inawhich the enrrent generating coila

25 are independent orseparate; bint 1 have found
that the-ordinary forms of coutinuons current
dynamos now in usemay bereadily and cheaply
adapted to mysystem, or otilized both as cou-,
tingons and alternating current generators

30 with bat slight ¢changes.iu their construction.
The mode-of effecting thisforms the stibstance

of my-presentapplication. - .
(ieneralty stutgdythe plan pursnod by me in
carrying-out:thissmvention is o8 follows: On

35 the shalt of nigiyem: generator, either in place
of or in addition to the regular commutator,

- [ secura:asnany pairs-of insulated collécting-
ringsas thereareciyenits to beformed. Now,

it, will-be-anderstood- that in the operation of

40 any dynamo clectricgenérator the carreatsic

the cails:in their movement through.the field -

of force:mndergo:difficrent phases—that is to

say, atdifferens positions of the colls the car--

reats have, tcertain - directions and certain
45 strengths—and thatin my improved motars or
transforimers it is necessary that:the currents
in the energizing-roils should undergo a cer-
tain order of variations fu strength and direc-
tion.. Hence, the farther step—viz, thé con-
sc nection -between the induced or generating
coilsof the machineand the contact-rings from

-taining an armature with separate coils con--

ferlal No, T1.0%5, (Famodol)

which the enrrents are to be taken off—will
be determined solely by what order of varin-
tions of strength and direetion in the corrents
is deslred for producing & given result in the 55
rolectrieal translating deviee. Thismay beae- .
complished in various ways; but in thedraw-
‘ings I have glven typical instances only of the
best and most practicable waysof applying the
{nyontion to tbree of the best-known types of 6o
machines, in order to Jlinatrate thq principle
and to enable any one skilled fn the art to ap-
ply the invention o any ather ease or under
any modified conditions which the circam-
stances of particnlar cases way require.

- Figure 1 i8 & diagram {llustraive of the.
mode of applying the inveation to the well.
koown type of elosed or coutinnous eircuit
machines. Fig, 2 i8 / pimilar dingram con-

65

70
nected dinmetrieally,. or whet is generaily
called an ** open-circuit’? machive, . Fig. 3 is
a diagram shawing the application of the in-
‘yention to n machine the armature-coily of
which have a commaon joint.

Referring to Fig. 1, let A represent oncof my
improved motors or transformers, which, for
convenicnce, I shall designate a *‘converter,”
which cousists of an annular core, B, wound
with four independent coils, C and D, those 82
dinmetrically opposite being counccted to-
gether 60 88 to co-operate in Pnim in cstal-
lishing (ree poles in the riug, the tendevey of
each pair being to fix the poles at ninety de-
grees from the other. “There may boan aroia- 85
ture, E, within the ring, which is wound with’
coila.closed upen themselves. The object ix
to pam throogh colls € D currents of sach
relative strength nnd divection as to produce
a progeessive ahifting or movemenl of thy 9o
pointe of maximn magnetic efect ground the
ring, and to thereby mainiain a rotary niove: ..
ment of the armature. 1 therefore secure to.
the shaft B of the geoerator four insulated
contact-1ings, & 3 ¢ d, opon which [ eause to 95 -
bear the collecting-brushesa’' b’ ¢’ &, connected .
by wires G G H H, respectively, with the. .
terminals of coils Cand D. | SR

Assume, for sake ‘of illystration; that the -
coils D 1D are to receive.the maximum and
coils C C at the same instant the minimam
current, so that the polar line may be midway

75



2 ' 390,414

belween the coils D D, the rings a b would
thereforo be connected to the ecnlinuouns ar-
mature-coil at its neutral points with respect

to the field or the point corresponding with

5 that of the ordinary commutator-brushes, and

- between which exists the greatest differeuce

of potential, whiie rings ¢ & wonld Le con-

- nected to two poiuts in the coil, between which
exjsts no difference of poleotial. The best re-

10
‘neetions at poiciy.equidistant from. one an-
other, as shown. These connections are easi-
est 1oude Dy using wires L between thétivgs

-and the loops or wires J, coanectingilié ecoii I.

§ to thé'segmebts of the commntator K.: When
the converters are made in this manver, it is
evident that the phases of the currents in the
sections of the generator-coil will be repro-
duced in the converter coils. For example,
after turning throoghi an are of ninety degrees
the conductors L L, which before conveyed
the mdximum éurrent, will receive the mini-
mum. corrent by reason of the change.in the
position of thejr coils, and it is evident that
for the same reason’ the current ju said- coils
has gradaodlly fallen fromn the meximuim to the
minimum in passing through the are of nlnety
degrees. In thie apecial plan of connections
the rotation of the magnetic poles;of the con.
verter will be synchronous with that of the
armature-coils of {he generator; nud the result
will be the same, whether thé energizing-cf-
cuits are derivations from a continnous arma-
‘ture-coil 6r from independent coils, as in my:
previous devieea, : :
I have shown in Fig. 1, in dotted lines, th
hrushes M M in théir proper normal position.

0.

25

3o

33

In practice these brashes may be removed
from the commutafor and the field of the gen- .

40 cralor excited by an exteroal source of cut-
reul; or the broshes may be allowed (o remain
on the commutator and to take off 4 converted
current 40 excite- the field, or to be used for
other purpoees. L '

In o certain well-known class .of machines
the aratore contains a number of coils the

45

terminals of which counect to commutatory|

aegments, the.colls being connected acrosa th

arpiature io paics. - This type. of machine is
50 represented in Fig. 2. In this machine each
pair of colls goes throngh the same phuses as
the coila in some of the gencratora I have
“shown, and it is obviously only necessary to
utilize them in pairsor sets to.operate one of

55 my converters by extending the segments of

the commutators belonging to each phir of

cotls and -causing a collecting-brosh to bear on
the continuous portion of each segment. In
this' way two or wore circuits nay be taken

60_off from the-pencrator,.eachi including one or

meore pajra or sets of 20il§, ad may be-desired.

In Fig: 2 T'Irepresent'the armatare-coils,
T T'tbe poles of the field-magnet, and F the
shaft carrylng the coinmutators, which are ex-

sults will .be obtzined by making these con-.

anch coils either directly—as when they are

tended to forin continnous portions a b o d. 63
The brushes bearing on tlie continuons por-
tions for takiog off the-sliernatiog cutrente
arc represented by ¢’ ¥ o . The collecting:
broshes, or thoss which may be used {o take
off the direct currest, are designated by M M.
Two pairs of the armature-coils gnd their
cominutators are shown in the figure asbeing
atilized; but all may be utilized v o similar
.manoer. Co )

Therc is another weil-known type of ma-
chine in which three -or more coils, A’ B’ C,

7o

- on-the armetare-liave & cimmon Jjelnt, the

_free ends being conneécted to the Bogmentaof &
commntator, This form of generator is illys-
trated in Fig. 8.. In thia case each terminal
of -the generator is connected directly or in
derivation to a continuous ring, ade, and col-
Iecling-broshesa’ b’ ¢, bearlng thereon;take off
the aiteraating cdrrents thil operite the mo-.
tor, . It is-préferable in this case to employ s
motor or transformer with-three energixiog-
colls, A¥ B (", placed sywunetrically ‘with
thiose of thé generator, and the circuits from
‘the .Jatter are connected to the terminals of

8o

.atatlonary—or by means of brushes ¢’ and con-
‘tact-rings ¢. Xnthiy, as inthé other cases, the
ordinarycommutator may be used on the gen-:
erator, and the carrent takea from' it ntitized:
Tor exciting the generator fiold-magunets or for
other.purpoges. .. . ' S :
. “Theso examples sevve taillastrate the prio.
ciple of the iovention. It will be observed .
that in nuy case 1t Is necessary only to ndd the
continuous contact or éollecting rings and to
eatablish the connections between them and

95

the sppropriate colld. -
- It-will be understood that this invention is
applicable to other types of machlne~-as, for
exawple, thoso by which the induced collaare
stationary aod the broshes and magnet re-
volve; but thie manner of its application is
-obvious to one skilled jo thé art. -

Having now described my inveution, what I
claim fs—" - ) N

.1, The combination, with a converter-hav-
tng independent energizing-coils, of a conting-
ous or direct current dynamo or magaeto ma-
chine, and intermedinte-circuits permanently
connected at cuitable points to the indoced or
gen?‘mting coild of the generator, a8 heréinset
orth. . . . - o

2. Tho combiuatiou, with & converter pro-
‘vided with independent energizing-olrenits, of °
& contionous or direct enrrent-generator pro-
vided wilh continnons collecting - rings econ-
.nected in derivation to the armature-coils to
form the terminals of cironita corresponding
to those of the couverter, sa-herain set forth.
o ' - NYEOLA TESLA.

Witnesses: ' ' T

RoBT. F. GAYLARD, '
FraxE B. MumpHY,

10§
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UNITED STATES

PatenT OFFICE.

RIKOLA TESLA, OF NEW YORK, N. Y., ASSIGNOR TO THE TESLA ELECTRIC
COMPANY, OF SAME PLACE.

DYNAMO-ELECTRIC MACHINE OR MOTOR.

EPECIFICATION forming part of Letters Patent No. 390,415, dated Qctober 2, 1888.
Application filed May 15, 1288, Serinl No, 213,504, (Vo model.}

To all whom it may concern: :

Beit known that I, NIEoLA TESLA,asubjech
of the Emperor of Ausiria, from Smiljan, Lika,
border ecountry of Anstria-Hungary, now re-
siding at New Yok, in the county and State
of New York, have invented certain new and
nseful Improvementsin Dynamo-Electrie Ma-
chines and Motors, of which the following isa
specification, reference being had to the draw-
ings accompanyiog and forming o part of the
same.

This invention is an improvement in the
constraetion of dynamo or maguneto eleatric
machines or motors, the improvement consist-
ing in a novel form of frame and field-magnet
which rendersthe machine moresolid and com-
bautasa structure, which reqnires fewer parts,
and which involves less trouble and expense
in its manunfacture.

The invention is applicable to generators
and motors generally, not only tothoss which
1 bave deseribed in former patents, and which
have independent cirenits adapted for nse in
iy patented alfernating cuarrent system, bot
Lo other continnons or alternating current ma-
chines, such as have heretofore been more gen-
erally nsed.

Inthe drawings hereto annexed, which illns-
trate my improvements, Figure 1 shows the
machine in side elevation. Fig. 2is a vertical
sectional view of the field-magnets and frame
and an end view of the armature; and Fig, 8
isa plan view of one of the parts of the frame
aod the armature, a portion of the latter being

‘ent away.

I cast the field-magnets and frame in two
parts. These parts are ideatical in size and
shape,and each consists of the solid plates or

ends A B, from which project inwardly the

cores C D and the side bars or bridge-pieces,
E F. The precise shape of these parts is
largely o matter of choice—that is to say, each
casting, as shown, forms an approximately-
rectangnlar frame; but it may obviously be
more or less oval, round, or square withont
departure from the invention. Ialsoprefer to
rednce the width of the side bars, B F, at the
center and toso proportion the parts that when
the frame is put together the spaces between
the pole-pieces will be practically equal to the
arcs which the sarfaces of the poles oceupy.

The bearings G for the armatare-shaft are
cast in the side bars, EF. The field-coils are
cither wound on the pole-pieces or, praferably,
wound on a form and thenslipped on over the
ends of the pole-pieces. The lower part or
casting issecured toasuitable base after being
finished off, The armature I ou its shaft is
thien mounted in the bearings of the lower
casting and the other partof the frame placed
in position, dowel-pins L or any other means
being nsed to secure the two parts in proper
position.

In order to secure an easier fit T cast the side
bars, E F, and end pieces, A B, 8o that slots M

are formed when the two parts are put to-

gether,

This machine possesses many advantages.
For example, I magnetize the coves aiternately,
as indicated by the characters N 8, and it will
be seen that the magnetie eircuit between the
poles of each part of a casting is completed
throngh the solid iron side bars. The bear-
ings for the shaft are located at the neatral
points of the field,s0 that the armature-core is
not affeeted by the magnetic condition of the
field.

My improvement is not restricted to the nse
of four pole-pieees, as it is evidont that each
pole-piece conld be divided or more than four
formed by the shape of the easting.

What I elaim is—

35

6o

riel
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1. A dynamo or magneto electric machine

or motor the frame of which is built up of two
castings, each consisting of end plates with
pole-pieces extending inwardly therefrom and
eonnecting side bars, as set forth.

2. A frame forgenerators or motorsbuilt op
of two superposed castings,each consisting ofa
rectangalar frame with pole-pieces extending
inwardly from its ends, as set forth.

3. A frame and field-magnet for geverators
and motors built up of two rectangular east-
ings lhaving pole-pieces extending inwardly
from their ends, the faces of snid pole-pieces
being curved to afford clearauce for the arma-
ture and provided with energizing-coils, as set

forth.
NIEQLA TESLA.
Witnesses:
Roer, F. GAYLORD,
FRANK E. HARTLEY.

Qo
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NIKOLA TESLA, OF NEW YOEK, N. Y.,

PaTenT OFFICE.

, ASSIGNOR. T® THE TESLA ELECTRIO

. COMPANY, OF S8AME PLACE, - -

'DYNAMO-ELEGTRIC MACHINE. .

SPECIFICATION forming part of Iretters Patent No, 390,721, dated October 9,188,
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o all whom it may comm :

- Be it known that I, NIXOLA TESLA, & sub-

Ject of the. Emperor of*Austris, from Bmiljan, |

- Lika,border country of Austria-Hunga¥y, uew
5 residing at New York, in the connty and State

" - of New York; bave luvented certaln new and
uscful Improvements in ElectricGenerators, of

- whichthe following'is a specification, reference
beini bad'to the'drawing accompanying and

jo forming.a;part of the same. - -
My present Invention relates, chiefly, to the

alternating-current system invented by-me’

&

- 'snd’ deseribed in prior pateuts, notably Nos.'
381,908 and 352,280, of May.1, 1888, §u which |

15 the motors’ of transformers, or generally the
" gonverters, arc operated by a progressivashify-

ing oi movenicnt of thejr magnetie poles pro-.

. duced by the co-operative action of independ-
oot magnetizing-coils throngh which pass al.

20 ternating currents in proper order aad diree-

- tlon. In my gaidsystem, aa 1 have horetofore
shown, T etaployed a generator of alternating
cnrrente in which there were indépendent in-
duced or generating coils corresponding to the

25 energizing-cofls of the converter, and the re-
latfons of the generator and. converters were
generally such thaf the speed of rotation of
thy maguoetic poles of the converter equaled

ibat of the armature of the generator.

3o
sary to ran the wachines 4t & high speod, and
- - this is tine-not only of those generators and
motors which are particularly adapted for use
.. in my.systein, bu of others. ‘The ‘practica-
35 bility of running at very high speeds, how-
~ ever, particalarly in the case of lurge gepera-

- tors, 18 limited by mechanical conditions, jo ]

. seeking toavoid which I have devised various
40 conditions, although romming the generatornt
n comparatively low rate of ﬂpeénfe ’

- " My présent iovention consista of another
wuy of accomplishing this result, which in
- ecertain respects presents many advantages,
45 According tb the inveution, in lieu of driving
the armature of the goncrator at.a high rate
of specd, I produce a rotation of the magnetic
poles-of onc clement of the generntor and drivo
the ofher ot 3 different speed, by which simi-
§0 lar results aro obtained to those seoured by a-
- ¥apld rotation of one of tho clementa,

form indepeudent closed circults,
To secure the greatest efficiency, it ia neses-

_ I ahall deseribe this fovention by reference .
to the diagram drawiog hereto annéxzed. :
The generator wliich supplies the earrent -
{or operating thE motors or transformers con- 55
sists in this instance of & subdivided ring or
annvjar core wound with four diametrically-

.oppositecoils, EX', Withintheringismonnted

& cylindrieal armatare-core wonnd longitudi- -
nally with.two independent -eoils, F' ¥, the éo.
ends of which lead, respectively, totwopairsof - .
insulated contact or eoilecting rings, D DG G,

on the armature-shaft.. Collecting-brashes ¢
d'g o bear. apon thése rings, respectively, and

‘convey thecurrents throughthetwo jndepend. 65

ent line-circuits M M'. In the mainline thers
may be included one or more motors or trans-
formers, or both. If motors be used, they are -
conatracted in accordance with my invention

-with independent-coils or sets of coils 7 J', in- g0
‘cluded, respectively, in the cirenits M M, -
These ene

ring-colls are woand or a ring or
annular flald or on pols-pleces thergon, and
prodoce by the action of. the alternating eur- -
Tents passing throngh them a. ‘progressive 75
shifting of the maguetiam from pole to pale.
The cylindrical armature X of the muotor is
wound with two coils ot right angles, which
If tranaformers be employed, I conuect ono 8o

set of the-primary colls; as N N, wound ona
ring or apyalar core, to onc cirenit, as M, and -
the otherprimary-coils, N’ N', to the ciroalt

M. ‘The secondary colls X K’ may thea bo

utilized for running groups of incandescent s

Jamps PP, -

With the geuerator I employ an exciter,
This consists of two poles, A A, of steel per-

. ‘ rious | manently msgnelized, or of iron execited bya
plans for operating the system nuder efficient | batt

ery or other geperator of continzous cur-

‘rents,andacylindrical urmatnre-core mounted .

on a shaft, B, and ‘wondd with two loagitodi-
nal coils,C.C. One end of each of these coils

Jda connected to the collecting-rings b e, respect-

1vely, while the other ends are both eannected 95
to a ring, a. " Coliecting-brushes b’ ¢ bear on
the rings b ¢, respectively, and conductors T,
L convey the enrrents therefvom through tho

¢

coils B and X of the generator, 1/is a com.

ent circoits are thus.formed, one including
colls Gof the oxciterand L E of the generator,

- mon return-wire to brugh . Two independ- 100
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" .the other coilzC of the excltor and E E of
the generator. It results from this that the
-operationdf the exciter producesa progressive

. movement.of the magnetic-poles of the annu-

5.lar field-core of Lhe generator, the shifting or

" rotary movement of said poles-being synch-
ronous with. the rotation of the-exeiter-arma:
‘ture.” Conslderiog the operative conditions of

N %ysbem thus established, it will be found that
1o when the exciteris driven so.a8 to. enerpize
. ‘. the field of the génerator thé armature of the
© latteryifleft free to tarn, would rofate at
speed practically the same as that of the ex-
citer.

. leant theoretically, will be: generated in:the

said armatare-coils, - In practice I-have ob-

' gerved tho presence of slight cirrents, the ex-
20

" mngoetic polés of the
- the armatare-goils F ¥ ba plossd throngh the
motor, the Jatter will ndt be turned as Jong as
the movomont of the generator-armature is

synchronouns with that of the exclter or of the-

maguetic poles of its Beld.. . If, on-the cop*
trary, the speed of the generator.armatute ba
~in any way checked,so that theah!fting or ro-
Q b
3 tively move rapid, currents will be induced fn
the armnature-colla, ' This -obviously follows
froia the passioy 'of the lines of force acroes
. the armature - copductors,r The greater.the
‘35 Epeed of ‘rotation of the magnetic pol
7 tively to that of the armature the more Tap-
idly the currenta doveloped in the coils of the
latter will” follow onc another, and the ‘more
rapidly the motor wiil revolve in response
* 4o thereto, and.this contintes until the armatare-
- when theinotor, if properly constructed; runs
at the same ‘speed with which the magunetie
poles of the gencrator rotate.._ - o
45 The effective strength of the currents devel-
- oped in-the armature-coils of. the generator is
dependeut vpon the strength of Lhe currents

‘energizing-tbe generutor and uwpon the num-:
ber of rotations per unit of time-of .the mag-

netio poles of the generator; hence the spead
of fhe wotor-armainre will depend in all ¢cases
upon the relative speeds of the armatore of
the ‘generitor and of its maguetic poles, | For
exnmpley if the poles are turned twb thonsand

5o

55

a delicately-balanced motor. - - S
60 Let it now be assumed that power isapplied
to the generator-armature to turn itin a di-
rection opposite to-that in which its magnetic
- poies rotate.  In such case the resnlt wonld

be sinilar to that produced by a generator the-

65 arimature and feld-magnets of which are To-
tated in opposite directlions, and by reason of
these conditions the motor-armatiire will tnro

) If under such. conditions the. ceils ¥
15 ¥ of the geuerator-armatore be closed apon:
. themsél¥es of short-circoited, no currents, st

istence of which is attiibutable to-more orless.
prononnced Adotoationain the intansity of the
ggonerator-xlng.r— “Bo, it

. magnetic poles orconversely, - -
,.i,:-?[%n will-g:.-understood' from the above_ de.

tation of the poles.of the fleld becomes rola-.n

es rela-’
-+ What I olaim fs—

~"gencrator is stopped entirely, as by a brake,-

.coils of the generator, as set forth,

‘oporatively amsociated. fo the following ‘man.

‘ing - current

ab 2 rate :of speed equal to the sum of the

speeds of the armaturé and maguetio poles of
the gonerator, sp that a comparatively low 70
Bpead of the generator-armature will produce
a high speed inthe motor, =~ = _

- 1t will be observed in connection with this
systemn that on- diminishing the resistance of
the external cirouit of the generator-armature 75

by ehecking the speed.of the motor orby sdd-

ing translating Gevices in multipld aed in the
secondary circuit orcirenits of the tranaformer

"the atrength of the current in the wrmatare-

oircatt is greatly increased. Thisis due toto 8o
causes: first, to the grent differences in the
speads of the motor and. génergtor, and, sec-
ondly, to the fact that the apparatus follows

the acalogy of & transformer, for, in propor-

tion as the resistavoe of the armature orsec- 85
oridary. circuits i reduoed, the strength of the -

. cyrrents 1a the field or primary elrouiteof tho .. -

generator is inéredsed and the cuffents in the -
armature augmented correspondingly. . For'. - ..
similar ressons. thé currents in the armatare-
colls of the generator fucresse very rapidly.
when the nlpoqd of the armatare js rednoed: - .-
when rooning in the same direction. s the : <
: ) e as- 9§ .
sorigti_on.that the generator-nrmature may be -
run.in the directiod of the skilling of the mag-
netie poles, but more rapidly, and that in such
cass the speed of the motor will be eqial to . .
the diAcrence between the two rabes.- - . 100
" -Tomangapplicationsto electrical convarsion - -
and distribution this system possesses greab
advantages both in economy, efficiency, and ..
praeticability.-
: e . tos
1. The combluation,wjlthan alternating-car.
rent generator having independent energizlng
or “field -and indepeudent indncéd or arma-
ture coils, of an miterpating - current exciter
baving -generating-“or induced eoils corré-
spondiig toand connected with the enérgizing-

110
."2,.In an altornatiog:current geuerator, the,
combination -of the elements nanied and oo-

1y

ner: a field-maguet wonnd with fndepeodent

; .fplls each _odnnl:cteg ﬁéﬁl_a’f'n a’pu'roﬁtiafor a{te'mp.t_- -
‘ing ourrents, whereby the magretic poles pro-
doged by ‘said

- eoila -will:-be -p

] roﬁ‘reaslve]y' :
shifted or moved -through the ficld, and an 120"

W 1gand | arinature-core wound with independent coils,
times’ per unit-of timo and fhe armature in
turned elght ‘bundred, the ‘motor ‘will tarn
twelve hundred times, or pearly so. Very.
slight differences of speed may be indicated by

each “haying terminals from.which currents-
a‘i’-? Igelivered to the independent external ¢ir-.
cu
3. The system of elecirical distribution con-
aisting.of the combination, with aun alternat.
_ ienem.hgving independent
energizing-coils” and an armatare wound with

125

-independent induced coils, of an alternating-

current exciter baving indnced ecils corre.
spoading toand connected with the énergizing.
coils of the géncrator, and one or more electris
cal converters' baving iadependent indgeing
or energizing cgils-connected with tha corre-

130
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spondlng armature coils.of the generator, a8 having induced or generating coils correspond-
Leraln set forth. - .| ing to and connected with the energizing-coils
" 4. Thecombination, with an slternating-cur- | of the generator, as set forth,
“rent geperator having & feld-magnet wound . ' NIKOI:A TESLA.
5 with indepeudent energizing-coils and an| Witnesses: -
armatore adapted to be rotated within the Rost. F. GAYLORD,
field prodaced by said magnet, of an exciter PARKER W. YAGE.
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UNITED STATES

PaTENT OFFICE.

NIKOLA TESLA, OF NEW YORK, N. ¥,
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REGULATOR FOR ALTERNATE-CURRENT MOTORS.

SPECIFICATION forming part of Letters Patent o, 390,820, dated Octobar 9, 1888.

Application GIed April 24, 188,

To all whom it may concern:

Be it known that I, N1xor.A TESL4, a sab-
jeet of the Emperor of Aunstria, from Smiljan,
Lika, bor@er conntry of Austria-Hungary,now
residing in New Yorlk, iu the county and SBtate
of New York, have invented certain new and
usefi]l Improvements in Regulaters for Alter-
nating-Current Motors, of which the following
is a specification, reference being had to the
drawings accompaunying and forming part of
the same. :

My invention is an improvement in systems
for the electric transmission of power; and it
eonsists in a means of regulating the speed and
power of the motor or motors. The system for
use with which the invention is more particu-

" larly designed is one in which the motors, or
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what may be in certain cases their equiva-
lents-—the electrical transformers—havetwoor
more independent energizing-circuits, which,
receiving current from corresponding sonrees,

ach to set up a progressive movement orshift- |

ing of the magnetic poles of the motors; but
the invention is also applicable to other pnr-
poscs, a8 will hereinafter appear. I employ
the regulator for the purpose of varying the
speed of these motors.

The regulator proper consists of a form of
converter or tronsformer with one element ca-
pable of movement with respect to the other,
whereby theinductiverclations may be altered,
cither manually or automatically,for the pur-
pose of varying the strength of the induced
current. I pretfer te construch this device in
such manner that the indnced or secondary
element ooy be movable with respect to the
other; and the improvement, so far as relates
merely to the construction of the device itself,
congists, essentially, in the combination, with
two opposite magnetic poles, of an armature
wound with an insolated coil and monnted on
a ghaft, whereby it may be turned to the de-
sired extent within the field prodaced by the
poles. The normal poesition of the core of the
secondary element is that jn which it most
completely closes the magnetic cirenit between
the poles of the primary element, and in this
position its coil is in its most effective position
for the induactive action upon it of the primary
coils; but by turning the movable core to
either side the induced currents delivered by

Herial Xo. 271,682, (Nomniel)

its eoil become weaker until, by a moevement
of the said core and coil through ninety de-
grees, there will be no curren$ delivered.

The construction of this deviee, broadly, I 55
do not elaim as of my invention; but this, to-
gether with the manner of applying and vsing

' the same, which forms the subject of my in-

vention, I will now explain by reference to
the accompanying drawings.

Tigure 1 is a view in side elevation of the
regalator. Tig. 2 is a broken section on line
@z of Fig. 1. TFig. 3 is adiagram ilinstrating
the preferred manner of applying the regu-
lator to ordinary forms of mators, and Fig. 4 65
is a similar diagram illustrating the applica-
tion of the device to my improved alternating-
curreut motors.

The regnlator may be constructed in many
ways to secure the desired result; but in the 4o
best form of which T am now aware it isshown
in fMigs. 1 and 2.

A represents a [rame of ivon, and I wonld
here state that the plan which is now jnvari-
ably followed of dividing up all iron cores 73
which are subjected to the infinence of alter-
nating currents shionld be adopled in the con-
struction of this device.

B B are the cores of the inducing or pri-
mary coils C C, snid qores being integral with Sc
or bolted to the frame A in any well-knowa
way. .

D is a shaft mounted in the side bars, D',
and on which is secared a sectional iron core,
EF,wound with an induced or secondary coil, 83
F,.the convolutions of which are parallel with
the axis of the shaft. The cnds of the core
are roznded off, 5o as to fit closely in the space
bebween the two poles and permib the core E
to be turned. A handle, G, sceured to the go
projecting end of the shaft D, is provided for
this purpose.

Any means may be employed for maintain-
ing the core and secondary coil in any given
position to which it is tarned hy the handle. g5

The operation or edect of the device will be
understood by reference to the diagramsillos-
trating the manner of its application,

In Fig. 8, 1ct I represent an ordinary alter-
nating-carrent generator, the feld-magnets of jo0
whieh are excited by a suitable souree of cnr-
rent, T. TLet T desigoate an ordinary form of

6o
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electro - magnetic motor provided with an
armature, K, commutator I, and field-mag-
nets M. It is well known that such a motor,
if its field-magnets’ cores be divided up into
insulated sections, may be practically oper-
ated by an alternating corrent; but in using
my regulator with snch a motor I inclade one
element of the motor only—say the armature-
coils—in the main circuit of the generator,
making the connections through the bruashes
and the commutator in the usual way. Ialso
include one of the elements of the regulator—
say the stationary coils—in the same circuit,
and in the circuit with the secondary or mov-
able coil of the regulator I conpect up the
field-coils of the motor. I prefer to use flexi-
ble conductors to make the connections from
the secondary coil of the regulator, asI there-
by avoid the nse of sliding contacts or rings
without interfering with the requisite move-
ment of the core L.

If the regulator be in its normal position,or
that in which its magnetic cireuit is most
nearly closed, it delivers its maximum induced
current, the phases of which so correspond
with those of the primary current that the
motor willrun as though both field and arma-
ture were excited by the main current.

To vary the speed of the motor to any rate
between the minimum and maximum rates,
the core E and coils F are turned in either di-
rection to an extent which produces the de-
sired result, for in its normal position the con-
volutious of coil F embrace the maximum
namber of lines of force, all of which act with
the same effect npon said coil; hence it will
deliver its mazimum carrent; but by turning
the coil ¥ out of its position of maximum ef-
fect the number of lines of force embraced by
itis diminished. The inductive effect is there-
fore impaired, and the current delivered by

coil TF will continue to diminish in proportion

to the angle at which the coil F is turned un-
til, alter passing through an angle of ninety
degrees, the convolutions of the coil will be at
right angles to those of coils C C, and the in-
ductive effect rednced to a minimum.
Incidentally to certain constructions, other
causes may inflaence the variation in the
strength of theinduced currents. TFor exam-
ple, in the present case it will be observed
that by the first movement of coil F a certain
portion of its convolutions are carried beyond
the line of the direct influence of the lines of
force, and that the magnetic path or circuit
for said lines is impaired; hence the inductive
effect would be reduced. Next, that after
moving through a certain angle, which is ob-
viously determined by the relative dimensions
of the bobbin or coil F, diagonally-opposite
portions of the coil will be simultaneously in-
cluded in the field, but in such positions that
the lines which produce a catrent-impulse in
oue portion of the coil in a certain direction
will produce in the diagonally-opposite por-

390,820

tion a corresponding impulse in the opposi_te
direction; hence portions of the current will
neutralize one another,

As before stated, the mechanical construc-
tion of the device may be greatly varied; but
the essential conditions of the invention will
be fulfilled in any apparatus in which the
movement of the elements with respect to one
another effects thesame results by varyiong the
inductive relations of the two elements in a
manner gimilar to that described.

It may also be stated that the core E is not-

indispensable to the operation of the regula-
tor; bub its presence is obviously beneficial.
This regulator, however, has another valuable
property in its capability of reversing the mo-
tor, for if the coil F be turned through a half-
revolution the position of its c¢onvolutions
relatively to the two coils C C and the lines
of force is reversed, and consequently the
phases of the current will be reversed. This
will produce a rotation of the motor in an op-
posite direction. This form of regulator-is
also applied with great advantage to my sys-
tem of utilizing alternating currents,in which
the maguetic poles of the field of a motor are
progressively shifted by means of the com-
bined effects upon the field of magnetizing-
coils included in independent circuits, through
which pass alternating currents in proper or-
der and relations to each other.

In illustration, let P represent one of my
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generators having two independent coils, P’ -

and P”, on the armature, and T a diagram of
a motor baving two independent energizing-
coils or sets of coils, RR, One of the cir-
cuits from the generator, as 8’ &', includes one
set, R' R/, of the energizing-coils of the motor,
while the other circuit, as S8 S, includes the
primary coils of the regulator. The second-
ary coil of the regulator includes the other
coils, R R, of the motor.

‘While the secondary coil of the regulator is
in its normal position it produces its maxi-
mum current, and the wmaximum rotary effect

is imparted to the motor; bat this effect will °

be diminished in proportion to the angle at
which the coil F of the regulator is turned.
The motor will also be reversed by reversing
the position of the coil with reference to the
coils C C, .and thereby reversing the phases of
the current prodnced by the generator. This
changes the direction of the movement of the
shifting poles which the armature follows.
Oge of‘the main advantages of this plan of
regulation is its economy of power. When
the induced coil is generating its maximum
current, the maximum amount of energy in the
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primary coils is absorbed; but as the induced -

coil is turned from its normal position the
self-indaction of the primary coils reduces the
expenditure of energy and saves power, :

It is obvious that in practice either coils C
C or coil F may be used as primary or second-
ary, and it is well understood that their rela-
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tive proportions may be varied to produce
any desired difference or similarity in the in-
ducing and induced enrrents,

‘Tam aware that it is not new to vary the
secondary current of an induction-coil by mov-
ing ome coil with respect to fhe other, and
thereby varying the indnctive relations nor.
mally existing bebween the two. This T do
nof claim.

‘What I claim is—

1. Thecombination, with a motor baving in-
dependent energizing-circuits, of an alternat-
ing-current regulator, consisting, essentially,
of indoeing and indoced coils movable with
respect to one another, whereby the strength
of the indnced currents may be varied, the in-
duced coils being inclwded in and adapted to

sapply the current for one of the motor-cir-
cuits, as set forth.

2. The eombination, with 2 motor adapted
to e ran or operated by alternating earrents
and provided with independent energizing-
coils, of a regulator Censisting. of stationary
induocivg-coils and an induced coil eapable of
being rotated, whereby it may be turned to a
greater orless angle to the primary coilg, or its
position with respect thereto reversed, the in-
duced coil or coils being included in and
adapted to supply the current for one of the
motot-circuits, as sct forth.

NIXOLA TESLA.

Witnesses:

Rorr. ¥, GAYLORD,
Fravx B, Murryy,
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UNITED STATES:

PaTeENT OFFICE.

NIKQLA TESLA, OF SMILJAN, LIKA, AUSTRIA-TIUNGARY.

THERMO-MAGNETIC MOTOR.

. — _ _ ‘
.. BPECIFICATION formlrig part-of Letters Patent No. 808,121, dated Janusry 15, 1889,
- ' Applioation £163 March 30,1888, Berial Ho, 197,116, (N model) N
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Toaﬂwhmnitinaycahceﬁu

Bo it known that I, NIROLA TESLA, of Smil-.
jnn, Lika, Border Country of Austria-Hun-
-gary, have inventodan Improvement in Ther-

5 mo-Magnetic Motors, of which the following
I8 a specifieation, . '

It is well known that heat applied to n mag-
netizod body will lessen the magnetism, and
if the tomperaturo-is raised sufficiontly the
magnetitn will be neutralized or deatroyed. -

In my preseiit invention I oltain mechan-
ical ‘power by a reciprocating nction resulting
from the joint operations of heat, magnetism,
and a spring or weight or other force—thatis
to say, I subject & body magnetized by in-
duction or otherwise to thé action of heat un-
til the magnetism is sufiolently neutralized
to allow a Wei%ht or spring to give motion to
the body and lessen the action of the lieat, ro

20 that the magnetism may be sufficiently re-
- stored to move the body in the opposite di-
rection, and agali subject the same to thede-
magnetizing of the heat, - ‘
- In earrying ont my, invention I am ahla 1o
25 make nso of vither an eloctro-magnotora por-
_ manont magnet, and I prefernbly direct the
heat against a body that ismagnetized hy in-
duction, rathor than Qirectly agaiuat s porma-
nentmagnot, thereby avoiding tholoss of mag-
nofism that might result in the permanent
magnot by the action of heat. 'Ialso providoe
for lessening the valume of tho heat or-for in-

Io

5

30

torcepting the ke during that portion of tho'

_ reciproention in -which the eonoling ‘netion

35 takes place, o .

: In the drawings I uve representod hy dia-
grams some of the nuinerous arrangemonts
that wmay be mado uso of in’ earrying onf, my
invention, Tn all of these figures the mag-

40 net-poles are markail N 8, the armature A, the
;B3unson burner or other rource of heat 11, the
axisof motion M,and thospringorthe equiva-
lent theroof—mamely, a weight—is marked W,
In Figure 1 the permanent magnet N iscon-

45 nected with & frame, F, supporting tho axis |’

M, from which the arm_.P hangr, and at the
lower ‘end of which the armature A is sup-

ported.  ‘The stops 2 and 8 limit the extentof

.~ motion, and the spring W tends to draw the
5o armaturo A away fron themagnet N, Tt is
- now to be understood that the mammotizm

‘wheel shaft will

of N in-snfficient to overcoma thé spring W .
and draw the armature A toward the magnet
N. The heat acting upon ‘the armature A
neuntralizes its indncod magnetism sifficiently 5
for the apring W to draw the armature A
away from the magnet N and alzo from the

- heat atH. The armature now cools, and the

attraction of tho anagnet N overcomes the’
apring W and draws the afmature A back 6o

_again above the burnor IT,so that the.same is

again heated’ and  the operntions are re-

‘peated. The reciprocating mvements thus

obfained are. employed as & sontres of me-
chanical power in any desired manner. Usu- 65
ally a connecting-rod- to a erank upon a fly--
made use of, as indicated -
in Fig. 10; but T @o not limit myself in this
respect. . . T -

Fig. 2 representy the santa parts as hefore
deseribed; but an electro-magnet in iHustrated
in place of & pormanent magnet. The opera-

70

tions, however, are the game.

In Fig. 3 I have shown the samo parts a8
in Figs. 1 and 2, only they are differently ar- 55
ranged. The armatire A, instead of swing- -
ing, i sfationary and held by an a1m, I, and
the eore NN of the electro-magnet. ix mnade to
fwing within the halix Q, the said core being -
suspended by the arfm P .from the pivoet M. 8o
Arhield, R, i connected with the magnet-core
and swings tharowith, so that aftor the heat
has demagnetized ihe armature A to such
an extont that the spring W draws the core
N 8 away from the.armature A the shisld R
comes hetween the flame J1 and armature A,
theraby infereepting the action of the heat
and allowing the armature to eool, so that the

85

- magnetism, again preponderating, canses the

movemont of the core N 8 toward the arma-
ture A and the removal of the shield R from
above tho fiame, so that the heat again acts
to lesren or neutralize the magnetism.: A
rotary or othor movement may be obtained
from this recipracation. . :
Fig. 4 corresponila’ in evory respect with
Fig. 3, excopt that a permanent horseshoe-
magnoty N 8, is_reprosented as taking the
place of tho electro-magnet in said Fig, 3.

In Fig. 5 I havo shown a helix, Q, with an 100
armature adapted to swing toward or from
the helix. In this ease there may be a soft- |

ge
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iron core in the holix, or the armature may
assume the form of a'solonoid-core, thére be-
ing no.poermanont core within the helix..
« I'ig. 6 I8 an ond view, and Kig. 7 & plan
§ view, illustraling my improvemont as applied
to a swinging arimaftivg, A, and a stationary
pormanent magnot, N N, In thisx instance I

apply tho heat 1o an auxilinry armaure or,

keopar, T, which isamdjrneant to and proforably
in direet contaet with -the magnet.  This
armadure 1y in tho form of a plate of sheot-
iron, oxtends across from onge pole to the other
_and s of sufficient rection.to practically form

10

n keepor for tho magmet, so that when this

15 armature 1 is cool noarly all. tho lines of
" foree pass over the sne snd very little froe
- magnetitm is oxhibited, Thon the armature
A, which swings freely on the pivots M in
front of tho poles N 8, is vory little attractod

20 and.tho spring # pulls thoe rame away.from
“tha poles into the position indicated in the
deawings,  Thoheat is directed upon the iron
plate "1 at some distanca from the magnat, so

axs (o allow- the magnot to be kept compara-

tively cool. ‘Thin heat isapplied beneath the
plate by meanx of the hurners I, and there is
‘v conuoction from the armature A or itspivot
to the gas-covk 6 or other device for regulat-
ing the heat. "The hoat acting upon thomid-
30" dle portion of the plate T, the magnetic con-
ductivity of the heated portion is diminished
or destroyed, and & great number of the lines
.0of force, are deflected over the armature A,
whioch is now powerfully attracted and drawn
intoline, or nearly so, with thepoles N 8.. In
80 doing the cock 0 is nearly closed and.the
plate T cools, the lines of force are again de-
. flected over tho same, tho attraction exerted
“upon the armature A is diminished, and the
spring W pulls the saine away from the mag-
net into the position shown by full lines, and
the operations are reponted. The arrunge-
" meutshown in Fig, 6 has the advantages that
the magnet and armature are kept cool and
the strength of the permanent magnet’is bet-
ter presorved, a8 the magnetic eirenit is con-
" stantly closed. ~ '
* In the plan view, Fig. 8, I have shown &

P13
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r to those in. Figw. 6 and 7, with the burn-
ers H for the gas beéneath thesame; but the

L{]

‘armaturo A has boon attracted.

Efmmn_ent magnot and keeper-plate, ‘L', simi-.

armature is pivoted at one end {o one pole of
the magnet and the other end swings toward
and from the othor pole of the magnet. The
apring W acts against a lever-arm that pro- 55
jecta from the armature,and the supply of-
hoeat has to be partly cut oft by a conncction

to the swinging armature, 8o as to lessen the
heat, ncting upon the keeper-plate when the 6
. <]
© Fig. 9 is similar to- Fig. 8, exeept that the
kooper T is not made use of and - the arma-
ture itself swings into and out of the range
of the inténse action of the heat from the
burner If. : :

- g, 1018 o dingram similar to Fig, 1, except:
that in placo of using a spring and stops the
armature is shown as connecticd by a link, 12,
to the crank 13 of a fly-wheel, 8o that the fly-
whael will be revolved as rapidly as the arma- 70
ture can be heatéd and cooled to the néces-
sary oxtent. A spring may be used in addi-
tion, as in Fig, 1. . - '

In Fig, 11 the two nrmatures A A are con- -
nected by.a link, so that one will be heating
while the other is cooling, and the atiraction
exorted to movae the cooled armature is-
avalled of to draw away the heated armature

65

-instead of using a spring.

T havo shown in the drawings several ways 8o
of carrying out my invention; but said - in-
vention isnot limited by any. particular form,
arrangenient, or construction of deviees,

I claim as my Invention—

1. Tho combination, with a swinging body 85
undertheinfluence of magnetism,of & burner -
-or other source of heat acting to vary the
magnetism, and & spring or other power to
move the swinging body in the opposite di- -
rection to the netion of the magnetism, sib- go
ktantinlly as sot forth. :

-8, ‘The combination, with two ormorearma-
fures connected to each other, of magnets to
inflience such armatures; and burners or
other sources of heat to vary the magnetic gg
action and cause the armatures to move,sub-, .
stantially as set forth, .

Signed by ma this 24th day of March, 1886,

' : NIKOLA TESLA. -
- Witnesses: o .
(1E0. . PINCKNEY,
WALLACE L. SERRELL.
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UNITED STATES PATENT OFFICE..

NIKOLA TESLA, OF NEW YORK, N. Y.

METHOD OF OPERATING ELECTRO-MAGNETIC MOTORS.

SPECIFICATION forming part of Letters Patent No. 401,520, dated April 16, 1889,
Application filed February 18, 1889, Serial No. 300,220, (No model)

To all whom it may concern:

Be it known that I, NIKoLa TESLA, a sub- : Ste
! or slower than that of the generator; butitis

ject of the Emperor of Austria, from Smiljan,

Lika, border country of Austria-Ilungary,and

residing at New York, in the county and State
of New York, have invented certain new and
useful Improvements in Methods of Operating
Electro-Magnetic Motors, of which the follow-
ing is a specification, reference being had to
the drawings accompanying and forming a
part of the same,

As is well known, certain forms of alternat-
ing-current machines have the property, when
connected in cireuit with an alternating-cur-
rent generator, of ranning as a motor in syn-
chronism therewith; but,while the alternatin g
current will run the motor after it has attained
a rate of speed synchronous with that of the
generator, it will not start it. Hence, in all
instances heretofore where these synchro-
nizing-motors,” as they are termed, have been
run some means have been adopted to bring
the motois up to synehronism with the gen-
erator, or approximately so, before the alter-
nating current of the generator is applied to
drive them. In some instances mechanical
appliances have been utilized for this pur-
pose. Inothersspecial and complicated forms
of motor have been constructed. I have dis-
covered a much more simple method or plan
of operating synchronizing-motors, which re-
quires practically no other apparatus than
the motor itself. In other words, by & cer-
tain ehange in the cirenit-connections of the
motor Iconvert it at will from a double-cir-
cuit motor, or such as I have deseribed in
prior patents and applications, and whiel: will
start under the action of an alternating cur-

rent into a synchronizing-motor, or one which’

will be run by the generator only when it has
reached a certain speed of rotation synchro-
nous with that of the generator. In this
manner I am enabled to very greatly extend
the applications of my system and fo secure
all the advantages of both forms of alternat-
ing-current motor. '

The expression “synchronous with that of
the generator,” is used herein in its ordinary
acceptation—that is to say, a motor is said to
synchronize with the generator when it pre-
serves a certain relative speed determined by
its number of poles and the number of alter-

nations produced per revolution of thegener-
ator. Its actualspeed, therefore, may be faster

said to be synchronousso long as it preserves
the same relative speed.

In ecarrying out my invention I construct a
motor which has a strong tendeney to synch-
ronism with the generator. The constiue-
tion which I prefer for this is that in which
the armature is provided with polar projec-
tions. The field-magnets are wound with two
sets of coils, the terminals of which are con-

-nected to a switch mechanism, by means of

which the line-current may e carvied directly
through the said coils or indirectly throngh
paths by which its phases are modified. To
start such a motor, the switeh is turned onto
a set of contaets whieh includes in one motor-
cireuit a dead resistance, in the other an in-
ductive resistance, and, the two cireuits being
in derivation, it is obvious that the difference
in phase of the current in sueh civenits will
set up a rotation of the motor. TWhen the
speed of the motor has thus been brought to
the desived rate, the switch is shifted to throw
the main current directly through the motor-
circuits, and although the curreuts in both
circuits will now be of the samo phase the
motor will continue to revolve, becoming a
true synchronous motor. To secuve greater
efticiency, I wind the armature or its polar pro-
jections with coils closed on themselves.
There are various modifications and impor-
tant features of this method or plan; but the
main principle of the invention will be under-
stood from the foregoing.

In the drawings, to which I now refer, I
have illustrated by the diagrams the general
features of construction and operation which
distinguish my invention, Figure 1 being
drawn to illustrate. the details of the plan
above set forth, and Figs. 2 and 3 modifica-
tions of the same.

Referring to Fig. 1, let A designate the field-
magnets of a motor, the polar projections of
which are wound with coils B C included in
independent eiveuits, and D the armature
with polar projections wound with coils E
closed upon themselves, the motor in these
respects being similar in construetion to those
deseribed in my patent, No. 382,279, dated
May 1, 1888, but having, by reason of the
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polar projections on the armature-core or
other similar and well-known featuves, the
properties of & synchronizing-motor.

L L' represent the condnectors of a line from
an alternating-eurrent generator G.

Near the motor is placed a switch the ac-
tion of which is that of the one shown in the
drawings, which is constructed as follows: F
F’ are two condueting plates or arms, pivoted
at their ends and connected by an insulating
cross-bar, H, so as to be shifted in parallel-
ism. In the path of the bars F F'is the con-
tact 2, which forms one terminal of the cir-
cuit through coils C, and the contact 4, which
is one terminal of the cirenit through coils B,
The opposite end of the wire of coils C is con-
nected to the wire L or bar F', and the corre-
sponding end of coils B is connected to wire
L’ and bar F; hence if the bars be sghifted so
as to hear on contacts 2 and 4 both sets: of
coils B C will be ineluded in the cirenit L 1.’
in multiple arc or derivation. In the path of
the levers F.¥/ are two other contact-termi-
nals, 1 and 3. The contact 1 is connected to
contact 2 through an artificial resistance, I,
and contact 3 with contaet 4 through a self-
indunetion coil, J, so that when the switch-le-

vers are shifted onto ‘the points 1 and 3 the

circuits of coils B and C will be connected in
multiple are or derivation to the circuit L1,
and will include the resistance and. self-in-
duetion coil, respectively. A third position
of the switeh ig that in which the levers ¥ and
F’ are shifted out of contact with both sets of
points. In this case the motor is entirely out
of circuit.

The purpose and manner of operating the
motor by these devices are as follows: The
normal position of the switch, the motor be-
ing out of cirenil, is off the contact-points.
Assuming the generator to be running, and
that it is desived to start the motor, the switeh

is shifted until itz levers rest npon points 1.

and 3. The two motor-cireunits are thus con-
nected with the generator-cireunit; but by rea-
son of the presence of the resistance I in one
and the self-induetion coil J in the other the
coineidence of the phases of the carrent is
disturbed sufficiently to produce a progression
of the poles, which starts the motor in rota-
tion. When the speed of  the motor has run
nup to synchronism with the generator, or ap-
proximately so, the switch is shifted over onto
the points 2 and 4, thus eutting out the coils
I and T, so that the enrrenis in both cirenits
have the same phase; but the motor now runs
as a synchronous motor, which is well known
to be & very desirable and efficient means of

It will be understeod that when brought up
to speed the motor will run with only one of
the cirenits B or C connected with the main
or generator circuit, or the two circunits may
be connected in series. This latier plan is
preferable when a current having a high
number of alternationsper unit of time is em-
ployed to drive the motor. In such case the

starting of the motor is more difficult and the
dead and inductive resistances must take up a
considerable proportion of the electro-motive
force of the circuits. Generally Iso adjustthe
conditions that the electro-motive foree nsed
in each of the motor-cirenits is-that which is
required to operate the motor when its cir-
cuits are in series. The plan which I follow
in this case is illustrated in Fig. 2. In this
diagram the motor has twelve poles and the
armature has polar projections D wound with
closed coils E. The switéh used is of sub-
stantially the same construction as that
shown inthepreviousfigure. Thereare, how-
ever, five contacts, which I-have designated
by the figures 5,6,7,8,and 9. The motor-cir-
cuits B C, which include alternate field-ooils,
are connected to the terminals in the follow-
ing order: One end of cirenit C is connected
to contact @ and to contact 5 through a dead
registance, I. One terminal of cironit B is
connected to contact 7 and to contact 6
through a self-induction coil, J. The oppo-
site terminals of both cirenits are connected
to contaet & .

One of thelevers,as F,of theswitch is made
with an extensionm, f, or otherwise, 80 as to
cover both contacts 5 and ¢ when shifted into
the position to start the motor. Itwill be ob-
served that when in this position and with
lever F’ on contact 8 the current divides be-
tween the two eirenits B C, which from their
difference in elecirical character prodnee a
progression of the poles that starts the motor
in rotation. When the motor has attained

the proper speed, the switch is shifted so that

the levers cover the contacts 7 and 9, thereby
connecting circuits B and C in series. I have
found that by this disposition the motor is
maintained in rotation in synchronism with
the generator. This principle of operation,
which consists in converting by a change of
connections or otherwise a double-circuit mo-
tor or one operating by a progressive shifting
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of the poles into an ordinary synchronizing-

motor may be carried out in many other
ways. Forinstance,instead of using theswitch
shown in the previous figures, I may nse a
temporary ground.ecircuit befween the gen-
erator and motor, in order to start the motor,
ingubstantially the manner indicated in Fig. 3.
Let G in this figure represent an ordinary
alternating-current generator with, say, two
poles, M M’, and an armature wound with
two coils, N N’, at right angles and conneocted
in series. The motor has, for example, four
poles wound with eoils B C, which are eon-
nected in series and an armature with polar
projections I wound with closed coils E E.
From the common joint or union between the
two circuits of both the generator and the
motor an earth-connection iz established,
while the terminalsorends of the said ciredits
are connected to the line.” Assuming that
the motor is a eynchronizing-motor or one
that has the capability of running in synch-
ronism with the generator, but not of start-
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ing, it may be started by the above-described
apparatus by elosing the ground-conmection
from both generator and motor. - e system
thus becomes one with a two-circuit genera-
tor and motor, the ground forming a conunon
return for the currents in the two civeunits L
and I/.  When by this arrangemént of «ir-
cuits the motor is brought to speed, - the
ground-connection is broken between the mo-
tor or generator, orboth,and ground, switches
P P’ being employed for this purpose. The
motor then runs as a synchronizing-motor.
In describing those features which consti-
tute my invention I have omitted illustrations
of the appliances used in conjunction with
the clectrical devices of similar systems—

such, for instance, as driving-Dbelts, fixed and-

loose pulleys for the motor, and the like; but
these are matters well understood.

In deseribing my invention by reference to
specifie constructions I do not wish to be un-
derstood as limiting myself to the construe-
tions shown; and in explanation of my in-
tent in this respect I would say that I may in
such forms of apparatus as I have shown in
Tigs. 1 and 2 include the dead resistance and
self-induction coil in either cirenit, or use
only a dead resistance or a self-induction
coil, as in the various ways shown in my ap-

plication, Xo. 293,052, filed December 8,1888,

Imay also use any form of switeh, whether
manual or automatic, that will by its manipu-
lation or operation effect the required change
of connections, and in -order to secure the
necessary difference of phase in the two mo-
tor-circuits on starting 1 may employ any of
the known means for this purpose.

I believe that I amn the first to operate elec-
tro-magnetic motors by alternating currents
in any of the ways herein suggested or de-
seribed—that is to say, by producing a pro-
gressive movement or rotation of their poles
or points of greatest magnetic attraction by
the alternating currents until they have
reached a given speed, and then by the same
currents producing a simple alternation of
their poles, or, in other words, by & change in
the order or character of the cireunit-counec-
tions to convert a motor operating on one
prineiple to one operating on another, for the
purpose described.

I do not claim herein of itself the method
of or apparatus for operating a motor which
tforms a part of this invention and which in-
volves the principle of varying or modifying
the currents passing through the energizing-
cireuits, so as to produce between sueh cur-
rents a difference of phase, as these matters
are described and claimed by me in other ap-
plications, but with the object of securing,
broadly, the method as a whole which I have
herein set forth.

What I claim ig~—

1. The method of operating an alternating-
current motor herein deseribed Ly first pro-
gressively shifting or rotating its poles or
points of - greatest attraction and then, when
the motor has attained a given speed, alter-
nating the said poles, as deseribed.

2. The method of operating an electro-mag-
netic motor herein deseribed, which consists

in passing through independent energizing--

cireuits of the motor alternating currents dif-
fering in phase and then, when the motor has
attained a given speed, alternating currents
coinciding in phase, as described.

3. The method of operating an electro-mag-
netic motor herein described, which consists
in starting tho motor by passing alternating
currents differing in phase through independ-
ent energizing-cireuits and then, when the mo-
tor has attained a given speed, joining the an-
ergizing-cirenits in series and passing an al-
ternating current through the same.

4. The method of operating a synchroniz-
ing-motor, which consists in passing an alter-
nating current through independent en ergiz-
ing-circuits of the motor and introducing into
such circuits a resistance and self-induction
coil, whereby a difference of phase between
the currents in the ecireuits will be obtained,
and then, when the speed of the motor synch-
ronizes with that of the generator, with-
drawing the resistance and self-induction
coil, as set forth.

NIKOLA TESLA.
Witn esses:

GEO. M. MOXRO,
Wi, IT, TL.EMON.
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UNITED STATES

PAaTENT OFFICE..

NIKOLA TESLA, OF NEW YORK, N. Y., ASSIGNOR TO TITE TESLA ELECTRIC

COMPANY, OI' SAME PLACE.

ELEGTRO-MAGNETIC MOTOR. .

_SPECIFICATION forming part of Loters Patent No. 405,858, dated June 25, 1889,
Applieation flod Tanuary 8, 1888, Berial Ho. 295,745, (Ho model)

To all whom it may concern:

Be it known that I, NikorA I'EsSLA, from
Bmiljan, Tika, bordor country of Austria-
Hungary, & subject of the Emporor of Aus-
tria, Tesiding at Now York, in the county and
State of New York, have invented eortain

_new and useful Improvoments in Electro-

Magnotic Motors, of which the following is a
specification, reference being liad to the draw-
ings accompanying and forming a part of the
same.

In order to defline more clearly the relations

which the wotor forming the subjoct of wy |-

present application bears to others of the
olass to which it pertains, I will recapitulate
briefly the forms of alternating-current mo-
tors invented by me and deseribed more in
detail in my prior patents and applications.
Of these there are two principal types or
forms: first, thoso eontaining two or move en-
orgizing-circaits through which aro caunsed to
pass alternating currents differing from one
another in phase to an extent sufficient to
produce & continuous progression or shifting
of the poles or points of greatest magnetic of-
feot, in obedienco to which the movable ele-
ment of the motor is maintained in rotation;
second, those eontainingpolesor of dif-
ferent magnetic susceptibility, which under
theenergizing infiucnee of the same currentor
two currents coinciding in phase will exhibit
differences in their magnetic poriods or
phages. In thefirstclassof motors thetorque

is due to the magnétism establishod in dif-

ferent portions of the motor by currents from
the same or from independent sources, and
exhibiting time differences in phase. In the
sccond class the torque rosulis from tho en-
ergizing eflects of a current upon. parts of
the motor which differ.in magnetic suscepti-
bility—in other words, parts which respond to
the same relative degree to the action of &
current, not simultancously, but after dif-
ferent intervals of time.. In my present'in-
veution, however, the torque, instead of being
solely the result of & time difference in the
magnetic periods or phases of the poles or at-
tractive paris to whatevor eaunse'due, is pro-
duced by an aungalar displacement of the
parts which, though movable with respect to

one another, are magnetized simultaveously,

or approximatlely 50, by the same currents.
This principlo of operation I have embodied
practically in a motor in which J obtain the
necossary angular displacement between the ss
points of greatest maguetic attraction in the
two elements of the motor—the armature and
field—Dby thedirection of the lamination of the
magnetic cores of said elements; and thebest
meoans of accomplishing this result of which 6o
T am at present aware I have shown in the
accompanying drawings. .

T'igare 1 i8 a side view of the motor with a
portion of its armaturc-core exposed. Fig. 2
18 an end or edge view of the same. Fig.3is 65
& contral oross-scction of the same, the arma-
ture being shown mainly in elevation. _

Lot A E designate two plateg built np of
thin sections or lamin of softiron insulated
moro or- less from onc¢ another -and held to- 70
gether by bolts a or any other suitable means .
and secured to a base B. ‘The inner faces of
those plates contain recesses or grooves in
which & coil or eoils D aro sceured obliquely to
the dircclion of the laminations. Within 73
the coils D is » disk K, preforably composed
of a spirally-wound iron wire or ribbon or a
spries of concentric rings and mounted on a
shaft F, having bearings in the plates A A.
Buch a device when acted upon by an alter- 8o
nating current is capable of rotation and con-
stitutes & motor, the operation of which I ex-
plain in the following manner: A current or
current-hupulse traversing the coils D tends
fo magnetize the coros A A and F, all of 85
whicls are within the influence of tho mag-
netic field of the coils. The poles thus es-
lablished would natarally liein the same line
at right angles to the coils D, but in the plates
A thoy are dofleeted by reason of the diree- go
tion of the laminations andappoat at or near
tho extremitics of said plates. In the disk,
however, where these conditions arc not pres-
ent, the poles or points of preatest attraction
aro on a line at right angles to the plane of g5
the coils; henco there will be a torgne estab- ~ -
lished by this angular displacement of the
poles or magnetic %ines, which starts the disk
inrotation, the magnetic lines of the armature
and field tending toward a position of paral- roo
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Ieligan.  This rotation is continued and main-
tained by the reversals of the earrent in coils
D D, which change altornately the polariky
of the field-cores A A. This votary tendoney
or effect will be greaily increased by winding
tho disk withcondnctors G, closed upoen themn-
selves and Laving a radial direction, wherehy
the magnetic intensity of the poles of tho
disk will bo greatly incroused by the encrgiz-
ing effoot of the currents induced in the eoils
@ by thealternaling currents in eoilsT). The
plar of winding and the prineipla of opera-
tion have bean Fully explained in my patent,
No. 382,279, of May 1, 1888. ,

The cores of the disk and ficld may or may
not bo of different magnetic suseeptibility—
that is to say, they may Loth be of the same
kind of irom,50 ns to bo magnetized al ap-
Proximately tho same inslant by the coils D;
or one may be of soft iron and the other of
bard,in order that a cortain {ime may clapse
between the periods of their magnolization.
In either case rotation will be produced; bul
less the disk is provided willi the elosed
onergizing-eoils it is desirable that the alove-
deseribed differenes of magnetic suscepli-
bility be ntilizad to assist in its rotution.

The coves of the field and armatare may bo
made in vavions ways, ad will be well under-
stood, it being only requisite tiat o laming-
tions in cach be insuel direetion us to secnre
thie necossary angular displacement of the
Pointsof greatest atiraction, Moreover, since
the disk may be considered as made wp ol an
infinite nmuwmber of radial arms, it is obvious
that what is truo of a Aisk holds, under well-
understood eonditions, for many other forms
of armature, and my invention in this respodt
is in o sense limited to the specific form of
armatnre showi,

Tt will bo understood that the speeific ways
of carrying out this invention are almost witl-
out number, and thaf, therefore, I do not linit
myself to the piocise form of motor whicl I
bave herein shown.

I beliove that T an the first (o produce ra-
tation of an nrmature, st least such as could
be utilized for any general orpracticalle pur-
poses, hymeansof an alternating corrent pass-
hug through # single coil or several enils aol-

ing a8 one, snd which have a direel magnet- |-

izing cffect mpon the eores of ‘both armubnro
and field, and this I elaim in. ita broadesi sense.
T furthier beliove that I am the Gist to in-

405,858

part direetly, by means of an alternating eur-
rent, magnetisin to the cores of the two ele-
ments of o molor, and by the divection of the
lamination of one or both of the same to pro-
dneoe an angular displacement of the poles or
lines of mingnetic foree of the cores, respoel-
ively.

What I therefore claim is—

L. An cleclro-maguetio motor consisting of
a field-magnet, a rolsry armature, and a sin-
gle coil adapted Lo be eonuected to & somrec
ol alternating currenls and to iinpart magnet-
igm toboth the armatnre and the ficld-magnet
with angular digplacenent of the maximum
points, a3 set forth. .

2. In an eleclro-raagnetic motor, the enmbi-
nation, with » coil adapted to be connscted
with & sourco of slternating cmrrents, of u
field-magnel and rotary armature the coves
of which are in such velation to the coil as
to be energized thereby and subdivided or
laminated in such manuer as to produce an
angnlar displacement of their poles or the
magnetic lines therein, as sol forth.

3. Ln an eleetro-magnciic motor, the combi-
nation, with & coil adupted Lo bo connecled
with & sonrec ol allernating currents, of fiald-
magnets with Jaminations lying obliquely to
thio plane of said ooil and a circular or disk
armature mounied to rotale Letween the field-
magnets, both field and armature being uniler
tho magnetizing influcuce of tlie coil, ns sct
fortlL

4. Tat an electro-magnetie motor, the combi-
nation, with & eoil adapted to De connected

with a sonree of alternaling currents, of field-.

maguols with laminations lying obliquely (o
the plane of the coil and a cirenlar or disk
armature with spiral or eoncentric lawina-
tions mounted between the field-inagnets, both
field and armature beipy under the maguct-
izing infinence of the coll, as set fortl.

5. In an cloctro-magnaotic wotor, the eomnbi-
uation, with u coil adapted Lo be connoctid to
# source of alternating enrrents, of a ficld-
magnel and a rotary armature with closod
coils thercou, both the field and the armataro
being under the magnetizing inflaence of zaid
coil and laminated to prodnce an angular dis-
Placoment of the poles of the two cores,

NIEGLA TESLA.

Witnesses:

Evwarp 7. Kvaxs,
Grorae N. Moxro.
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UNITED STATES

PaTENT OFFICE.

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

ASSIGNOR TO THE TESLA ELECTRIC

COMPANY, OF SAME PLACE.

METHOD OF ELECTRICAL POWER TRANSMISSION.

. SPECIFICATION forming part of Letters Patent No. 405,859, dated June 25, 1889.

»

Application fited March 14,1889, Serisl o, 303,251, (Mo model)

To all whom it may concern:

Be it known that I, NIxora TESLA, a sab-
ject of the Emperor of Austria, from Smiljan,
Lika, border country of Austria-Hungary, re-
siding at New York, in the county and State
of New York, have invented certain new and
useful Improvements in Methods of Electrical
Power Transmission, of which the following

is a specification, reference being had to the

drawing accompanying and forming a part
of the same.

This application is for a specific method of
transmitting power electrically, shown and
described in, and covered broadly by the
claims of, an application filed by me Febraary
18, 1889, No. 300,220,

Agis well known, certain forms of alternat-
ing-current machines have the property, when
eonnected in circuit with an alternating-cur-
rent generator, of running as a motor in syn-
chronism therewith; but, while the alternating
current will run the motor after it has at-
tained a rate of speed synchronous with that
of the generator, it will not start it; hence,in
all instances heretofore where these “syn-
chronizing motors,” as they are termed, have
been run,somne means have been emplojed to
bring the motors np to synchronism with the
generator, or approximately so, before the
alternating current of the generator is applied
to drivethem. Insomeinstances mechanical
appliances have heen utilized for this puor-
pose. In others special and complicated
forms of motor have been constructed.

My present invention is an improvement in
methods of operating these motors and in-
volves & new and improved plan of bringing
the motor up to the proper rate of speed, that
it may be run in gynchronism with the gen-
erator.

The expression “synchronism with the gen-

erator’is used herein in its ordinary aceepta-
tion—that is to say, a motor is said to syn-|-

chronize with the generator when it preserves
a cortain relative -speed determined by its
number of poles and the number of alterna-
tions produced per revolution of the gener-
ator.
faster or slower than that of the generator,
but it is said to be synchronous so long as it
pragerves the same relative speed.

Its actnal speed, therefore, may he.

In carrying out my present invention I con-
strunet & generator with two coils or sets of
coils and a motor with corresponding energiz-
ing coils or sets of coils. By means of two
line-wires one terminal of each generator-coil
or set of coils is connected to one terminal of
its corresponding motor-coil or set of eoils,
while the opposite terminals of the generator-
coils are joined together and likewise those of
the motor. _

To start the motor I eslablish temporarily
an eleetrical eonnection hetween the points of
connection between the coils in the generator
and those in the motor, so that the system
becomes an ordinary double-cirenit system

identical with that described in my patfent,

No. 890,413, of October 2,1888, except that the
generator and motor are constructed in any
well-known way with a strong tendency to
synchronize. When by this plan of connec-
tion the motor has attained the desired speed,
the earth-connection is severed, by which
means the gystem becomes an ordinary single-
cirenit synehronizing system.

In the drawing I have illustrated this
method by a diagram. — '

Let G representan ordinary alternating-cuy-
rent generator having four field-poles A, per-
manently or artificially magnetized, and an
armature wound with two eoils C conneected
together in series. -

Let M represent an alternating-current mo-
tor with, say, four poles D, the coils on which
are connected in pairs and the pairs connected
in series. The motor-armature should have
polar projections and closed coils E.

From the common joint or union between
the two coils or sets of coils of both the gen-
erator and motor an earth-connection FFis es-
tablished, while the terminals-or endg of the
said coils or cirenits which they form are aon-
nected to the line-conduetors 1T I,
Assuming that the motor is a synchronizing
motor, or one that has the capability of run-
ning in synehronism with the generator, but
not of starting, it may be started by the above-
deseribed plan by closing the ground-econnec-
tion from both generator and motor. The
gystem thus becomes one with a two-cirenit
generator and motor, the ground forming a
common retnrn for the currents in the two
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wires II II. When by this arrangement of
cirenits the motor is brought to speed, the
ground-connection is broken between the en-
erator or motor or both and ground, switches
K K being employed for this purpose. The
motor then runs as a synchronizing motor.

This system is capable of varions useful ap-
plications which it is not necessary to deseribe
in detail; but it will be enough to say that the
convertibility of the system from double cir-
cuit to single circuit is a feature in itsclf of
great value and utility. -

I do notwish to be understood as confining
myself tothe precise arrangement or order of
connections herein set forth, as these may be
obviously varied in many respects.

What I claim is—

1. The method of operating synehronizing

405,859

motors lherein deseribed, which consists in
electrically conneeting intermediate points of
the induecing-cireuit of the generator and the
energizing-cireuit of the motor until the motoy
has reached & desired speed and then inter-
rapting sneh connection, as sct forth.

2. The method hervein described of starting
or operating synchronizing motors, which con-
sists in electrically connecting intermediate
points of the inducing-eirenit of the generator
and the energizing-cireuit of the motor to
earth until fhe motor has reached the desired
spoed and then ivterrupting either or hoth of
the ground-connections, as set forth.

NH{OLA TESLA.

Witnesses:

EpwARD T. Evang,
E. C. UpsrILL.
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UNITED STATES

PaTeENT OFFICE.

NIKOLA TESLA, OF NEW YORK, N. Y., ASSIGNOR OF TWO-THIRDS TO
CHARLES F. PECK, OF ENGLEWOOD, NEW JERSEY, AND ALFRED .

BROWN, OF NEW YORE, N. Y.

DYNAMO-ELECTRIC MACHINE.

SPECIFICATION forming part of Letters Patent No. 408,068, dated July 16, 1889,
Applioation fled March 93, 1880, Serlal No,304498, (Nomodsl)

To all whom it may concern:
Be it known that I, Nixora TusLA, from

"Smiljan, Lika, border conntry of Austria-

Hungary, asabject of the Emperor of Anstria,
and aresidentof New York, in the countyand
State of New York, have invented.certain new
and useful Improvements in Dynamo or Mag-
neto Electric Machines, of which the following
is & specification, veference being had to the
accompanying drawings,

This invention relates to that class of elec-

‘trical generators known as “unipolar,” in

which 2 disk or eylindrical conduetor is
monnted between magnetie poles adapted to
produce an approximately-uniform field. In
the first-named or disk armatnre machines the
currents induced in the rotating conductor
flow from the center to periphery, or con-
versely, according tothe direetion of rotation
or the lines of force as determined by the
signs of the magnetic poles, and these enirents
are taken off usually by connections orbrushes
npplied to the disk at points on its periphery
and near its center. In the case of the ey-
lindrieal armature-machine the currents de-
veloped in the cylinder are taken off by
brushes applied to the sides of the eylinder at
its ends.

In order to develop economically an electro-
motive foree available for practicable pnr-
poses, it is necessary either to votate the con-
dunetor at a very high rate of speed or touse a

-disk of large diameter or cylinder of great

length; but in either case it becomes difficult
to secure and maintain a good electrical con-
nection between the collecting-brushes and
the conduector, owing to the high peripheral
speed.

1t haabeen proposed to conple two or wmore
disks together'in series with the object of ob-
taining a higher electro-motive force; but
with the connections herefofore used and us-
ing other conditions of speed and dimension
of disk necessary tosecuring good practicable
regults this difficulty is still falt to be a seri-
ous obstacle to the use of this kind of gener-
ator. These objectionsI have gought to aveid;
and for this purpose I construet a machine
with two fields, each having a rotary conduetor

mounted between its poles, but the same prin-
ciple is involved in the case of Lboth forms of
machine above described, and as I prefer to
use the disk form I shall confine the descrip-
tion herein to that machine. The disks are
formed with flanges, after the manner of pul-
Ieys, and are connected together by flexible
conducting bands or belts. .

T prefer to construet the machine in sach
manner that the direction of magnetism or
order of the poles in one field of foree iz oppo-
site to that in the other, so thatrotation of the
disks in the samedirection develops a current

.in one from center to circumference and in the

other from circumference tocenter. Contacts
applied therefore totheshafts upon which the
disks are mounted form the terminals of a
cirenit the eleetro-motive foree in which is
the sum of the electro-motive forces of the two
disks. .

I wonld call attention to the obvions fact
that if the direction of magnetism in Dboth
fields De the same the same result as above
will be obtained by driving the disks in op-
posite directions and crossing the connect-
ing-belts. In this way the difficulty of se-
curing and maintaining good contaet with
the peripheries of the disks is avoided and a
cheap and durable machine made which is
nsefnl for many purposes—such as for an ex-
citer for alternating-current generators, for a
motor, and for any other purpose for which
dynamo-machines are used.

The specific construction of the machine
which I have just generally deseribed I have
illust}-:ated_in the accompanying drawings, in
which— )

Figure 1 is a side view, partly in section, of -

my improved machine. Tig. 2 is a vertical
secfion of the same at right angles to the
shafts. .

In order to form a frame with two fields of
foree, I cast a support A with two pole-nieces
BB integralwith it. TothisI join byl-lis B
a casting D, with two similar and correspond-
ing pole-pieces C C'. The pole-pieces B B’
are wound or connected to produce a field of
force of given polarity, and the pole-pieces
C C’ are wound or connected to produce a
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field of opposite polarity. Thedrivin o-shafts
F G pass through the poles and are journaled
in insulating-bearings in the casting A D, as
shown.

HIT are the disks or generating-conductors.
They are composed of copper, brass, or iron
and are keyed or secured to their respective
shafts. They are provided with ‘broad pe-
ripheral flanges J. Itisof course obvious that
the disks may Le insulated from their shafts,
il so desited. A flexible metallic belt I, is
passed over the flanges of the two disks, and,
i desired, may Le used to drive one of the
disks. I prefer, however, to use this Delt
morely as a conduetor, and for this purpose
may use sheel steel, copper, ov other suitable
metal. Eachshaft is provided with a driving-
pulley M, by which power is imparted from a
counter-shaft,

N N are the terminals. Tor salke of clear-
nesys they are shown as provided with spri ngs
P, that bear upon the ends of theshafts. This
machine, if self-oxciting, would have copper
bands around its poles, or conductors of any
kind—such as the wires shown in the draw-
ings—may be used. .

1 do not limit my invention to the special
constraction herein shown. TFor example, it
is not necessary that the parts be constructed

406,968

in one machine or that the materials and pro-
portions herein given Dbe strictly followed.
Furthermore, it is evident that the conduct-
ing bels or band may be composed of several
smaller bands and that the prineiple of con-
nection herein deseribed may be applied to
more than two machines.

What I claim is—

1. An electrical generator consisting of the
combination, with two rotary eonductors
mounted in unipolar fields, of a flexible con-
duetor or belt passing avound the peripheries
of said condnetors, as herein set forth,

2. The combination, with two rotary con-
doeting-disks having peripheral flanges and
mounted in nnipolar fields, of a Aexible con-
ducting belt or band passing around the
fianges of both disks, as set forth.

3. The combination of independent sets of
field-magnets adapted to maintain unipolar
fields, conducting-disks monnted to rotate in
saidl fields, independent driving mechanism
for each disk,and a flexible condneting bell
or hand passing around the periphories of the
disks, as set forth. ‘

NIKOLA TESLA.

Wilnosses:

PARKER W. PAGE,
ROBT. T. GAYLURD.
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PATENT "OFFICE.

NIKOLA TESLA, OF NEW YORK, X. Y, ASSIGNOR OF TWO-TIIIRDS TO ALFRED
S. BROWN, OF SAME PLACE, AND CHARLES F. PECK, OF ENGLE'WOOD,

h‘E\V’:,TquEY_

. METHOD OF OBTAINING DIRECT FROM ALTERNATING CURRENTS.

SPECIFICATION forming part of Letters Patent No, 413,353, d.ated_ Octobor 22, 1889, . - .
‘ Applisation fllod Juag 1%, 1888, Radal Ha 314,064, o modal.)

Yo all wiveme ié uy concern: :
De it known that T, NIKOL.A TRESLA, & gnb-
-jeet of tho Kmperor of Austrig, from Smiljan,
Lika, bouder country of Austrin - linngary,
5 temporarily residing in New-York eity,in the
Stato of New York, have inventsd n- certain
new and useful Iniprovement in Methords of
Obtaining Direct from Alteruating Currents,
ol which the following is a specifieation, ref-
10 crence beinghad to the drawings accompany-
- ing and forming o part of the same.
In nearly all the more important industrial
‘applications of electricity the cnrrent is pro-

daeed by dynamo-electric machines driven by -

13 power, iu the edils of which the eurrents do-
voloped are primarily in reverse directions
oraltetnating; but as very many electrical de-
viees and systems reqniro direct curceuts, it

.~ has been- usual o correct the current alier-

20 natioug by weans of a commutator, instead
of taking them off dircelly from the generat-
ing-ooils. :

The saperiority of alternaling-carrent ma-
chines in all cases where their corvents can

z5 be used to advantsge renders their cmploy-

. ment very tlesirable, as they may e mneh
more sconomically construeted and operated:
and the olject of this my present inveution
is to provide means for directing ot couvorl-

30 ing at will ot oue or more points in a clrenit
altornating iuto direct currents.

Stated a8 broadly as 1 am able to express
it, my invention consists in obtainiug direct
from alterpating currents,or in dirvecting the

35 waves of an alteronating current zo as to pro-

- duee direet or substantially direet currents
by developing or producing in the Lranches
of & circuit inoludiug a source of alternating
curreats, either pormancntly or periodically,

4o and by electrie, clecirc-magnetic, or magnotic
agencics, wanifestalions of energy, or what
may be termed active resistances of oppo-
slte electrical- character, wheroby the enr-

- rents or enrrent-waves of opposite sign will

45 be diverted throngh different cirenits, those
of one sign passing ovor one hranch and those
of apposite sign over another.

I may consider herein only tlio ease of a
cireuit divided into two paths; innsmuch ns

50 any forther subdivision involves merely an

‘for example, that those deviees ave battories,

-two branches; but by reason of the opposite

extension of the general prineiple. * Scleeting,
then, any cirenit througl which i3 Aowing an
albornating cnrrent, I divide such cirenii at
any desired point into two brauches or patls.
In one of these paths I insort somo deviee to
creato ah eloctro-molive foree connter to tlie
waves or impulses of current of one sign and
a similar deviee in tho other branch which
opposes the waves of opposite sign. Assume, 6
Q

55

primaty or sceondary, or continuous-currong
dynamo-machines, The waves or impulses of
oppasite direetion composing the main enrrent
have a natoral tendency to divide between the
G5
elootrical character or effect of the two
branches one will offer 4n easy passage to s

‘enrrent of a certain direction, while the other

will offer a -velatively high resistance to the
passago of the same current. ‘The result of
this disposition is, that iho waves of cwr
reni of gus sign will; partly or wholly, pass
over onc of {he paths ov hranches, while those
of the opposite sigr pass over the other.
There may thos bo obtained from an alter-
nating current {wo or more dircet eutrents
withont tho cieployment of any eonunutator
sach as il has been heroloforo regarded - as
necessary- o use. The conrrent in eithert
branch may be used in the same way and So
Tor ihe same purposes as any cther direct
current—that is, it may be made to charge
secondary batieries, cnergize electro-niagnets,
ot for auy vther analogous purpose.

In the drawings 1-have illustrated some of
Lhe various ways in which I may carry out
this invention.- ) :

The zeversl ligores aro diagrammatie in
character, and will be doseribied in detail in
their order.

Figure 1 represents a plan of directing the
alternating currents by means of deviess
purely €lectrical in oharactor, Figs. 2,34,
3, 6, and' 7 are diagrams illustrative of other
ways of carrying ont tho invention, whicl
will be hereinafter more particalarly de-
seribed. ) :

In Fig. 1, A designates a generator of alier-
nating currents, and B B the main.or line .
circuit therefrom., At any pglven point in o0
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this cironit at or near which it is desired to
obtain diregt corrents I divide the cirouit B
into two paths or branches OD. Ineachof
these branches I place an elecirienl generator,
which for the present wo will assume }1)‘?-
duees direct or continuous currents. o
direction of the current thus produnced is o

posite in one braneh to that of the current in
tho other branch,. or, considering the two
branches a8 forming a closed eircuit, the gen-
cratora E F are connected up in series there-
in, one genorator in each part or half of the
circuit. The electro-motlve force of the cur-
rent sources K and -F inay be equsl to or
higher orlower than the clectro-mative forees
in the brancles C D or betwepn the points X
and Y of the circuit B B. If equal, it is evi-
dent that current-waves of one sign will be
opposed in one branch gind assisted in the
other to gdch an extont that all tho waves of
one sign will pass over one branch and thosa
of opposite sign over the other. If, on the
other hand, the cloetro-motive foroe of the
sources E ¥ be lower than that between X
and Y, the curronts in both branches will be
alternating, but the waves of one sign will
preponderate. Onc of -the gonerators or
souroes of ‘current E or ¥ may be dispensed
with; but it is preforable to employ both, if
they offcr an apprecinble resistance, as tho
two branches will be thereby better balanced.

. "Fhe translating or other devices to be acted
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upon by the current arc designatod by the let-
ters G, and they are inscrted in tho branches
C'D in any desired mannor; bat in order to

_boiter preserve an even balance betweon the
branches due regard shounld be ‘had to the

number and character of the devices; as will
be well undersiood. oo
Figs. 2, 3, 4, and 5 illustrate what may be
terned “ clootro-magnotio ” deviees for aecom-
plishing a similnr result—that is to say, in-
‘stead of prodneing direotly by a goneratoran
electro-motive foree in each branch of the cir-
cuit; I may establish & ficld or fields of force
and ‘lead the branches through the same in
such manner that an active opposition of op-
posite effect or dircetion will be developed
tharein by the passage or tendeney to passof
the altertationsof current. In Fig. 2, for ex-
Ample, A is the generator of slternating our-
rents, B B tho line - aivenit, and C D the
branches over which the alternating currents
are directed. In each branch I include the
secondary of a transformer or in duclion-coil,

which, since they correspond in their funo-

tions to the batteries of tho previous fignira,1
have designatod by the letters B ¥, The pri-
maries H H’ of tho Induction-coils or trans-
formers are connected either in pargliel or
serles with a sooree of diroot or conlinuous
currents I, and the number of convolutions is
so caleulated for tho strength of the eurrent
from I that the cores J 3’ will be saturatod.
The conneotions aresuch that the conditiong
in the two transformers are of opposite ehar-
acter—that is tosay, the arrangement is such

‘cuits the terminala of which eonnect to op-

that A enrrent wave or impulss corresponding
in direction with that of the direct current in
oné primary, as H, is of opposite direction to 70
that in the other primary H’; henceit resnlts
that while one secondary offers a resistance
or opposition to the passage through it of a
wave of one sign the other secondary gimi-
larly opposes & wave of opposite sign. In 75
conisequenco the waves of one sign will, to &
greater or less cxtent, pass by way of onoe
branch, while those of opposite sign in like,
manner pass over the other hranch. -

In licu of sutnrating the primaries by & 80 _

source of continnous current, I may inelude
the primaries in. the branches C_D, reapect-
ively, and periodically shortcircuit by any
suitable mechanical devices—snch a8 an or-
dinary revolving commutator—their seconds- 85
ries. It will be nnderstood of course that the
rotation and action of the eommulator wust
be in synchronism or in proper accord with
the poriods of the allernations in order to ge-
enre the desired rosults, Such a disposition
I have rcpresonted diagrammatically in Fig.
3. Corresponding to the previous figures, A
is tha generator of alternating eurrents, 13 13
the line, and C D the two branches for the di-
root ourrents. In branch Care inecladed two
priwary coils E E’, and in branch I} are tivo
simiiar primaries F ¥/, The corresponding
secondarics for these coils and which are on
the same subdivided cores J or J/ gre in ¢ir-

ga

posite segmoents K K’ and 1. I/, respectively,
of & commutator. Brushes &b bear opon the
commutator and alternately short-circuit the -

‘plates K and K’ and L and L’ through a con-

nection c. It i5 obvious that either thé mag-
nets and commufator or the brushes may ve-
volve, " )
The operation will be understood from a
consideration of the effects of closing orshort-
cironiting the secondaries. For example, if
at the instant when a given wave of ¢nrrent-
passes on¢ set of mecondaries bo short-cir-
cuited, nearly sll the corrent flows through
tlie corresponding primaries; but the second-
aries of theothey branch being open-circuitad
the self-induction in the primaries is highest,
and heucelittleorno eurrent will pass through
that branch. If, as the curront alternstos, the -
secondaries of the two branches are alter-
natsly short-circuited, the resuls will be that
the currents of ons sign pasaoverone branch
and those of the opposite sign over the other.
Thedisadvantages of thisarrangement, which
wonld seetn to result from the employment of
eliding contacts, are in reslity very slight, in-
asmuch as the_eleeiro-motive force of the

Secondarica may be rinde exceedingly low, 5o

-

that sparking at the brushes is avoided.
Fig. 4 is a disgram, partly in scction, of an- .
othar plan of carrying ont the invention. Fhe
cirguit B in this case is divided, as befors, and
each branch includes the e¢oils of both tho
field and revolving armatures of two induc-
tion devices. The armatures O P are prefer- .
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ably moented on the same shaft, and ave ad-
justed relatively to one another in sueh wan-
nor thalwheu the self-indinction in onc branch,
as G, is imaxinum in the other braneh Ditis
minimum. The armmiures are rotated in

syuchronism with the alternations fromn the !

source A, The winding or position of the
armature-coily is snch thata current inagiven
direction puassed through both armalures
would establish in one poles siwilar to those

in the adjucent polerof the field and in tbo

othor poles unlike the ndjzcent field-poles, as
indicaled by 2 n 5 3 in the drawings, If the
like poles are presented, as shown in cireait
D, the‘condition is that of a closed secondary
Bpoh. & primary, or the posilion of Jeast in-
daclive resistance; henee a given alternation
of eurrent will pass maiuly throngh ‘D, A
half-revolotion of the armalures produces an
opposite cffect, and the succeeding current fin-
pulse passes through C. Using this figure as
an illustration, it is avident that the.fielda N
Al may bo permanent magnets or independ-
ently excited ahd the armatures O P driven,
as in the present case, 50 43 to produco alter-
nate corrents, which will set up alternately
impnlses of opposite direction in the two
brunches I C, which insuch case would in-
clude the armaturc-circuits and translating
devices only.. , .

In Fig.5 a plan alternative with that shown
in Fig. 3 is illustrated. In the previous case
illusirated ench branch C and 1) contalned
oite or mare priwary coils, the secondarics of
which wer. periodienlly short-girenited in.
synchivonism with the alternations of envrent
Trom the inain sovree A,and for this purpose
& comuwuiator was cmployed. The latter
may, however, be disponsed with and an ar-
mature with o closed coil substituted.

Referring to Fig. 5,in one of tho branches,
as C, are Lwo. coils M’, wound or laminatod.
cores,and in the othev branches D nre similnr
coils N’ A subdivided or laminated srma-
bure &', earrying a closed coil R/, is rotatably-
supporlted between the coils M” N’,as shown,
Tu the position shown—that is, with the coil
R’ parallel with the convolutions of ihe pri-
maries N’ M’—practically the whole current
will pass through braneh 1), becanae tho self-

induetion in .coils 3’ A’ is maximum. If,

therefore, the armature- and eofl be rofated
at a proper speed relativély to the periodsor
alternativns of the sonvee X, the same results
are obtasined as in the case of Fig, 3.

-Fig. G is an instanceof what may be ealled,
in- distinction to tha others, a miagnclia”
means of securing the resolts arrived at in
this invention, V and W are two strong
bermanent magnets provided wilth armatures
V7 W/ respectively. Thearmatares aromade
of thin Jaminw of soft iron or steel, and the
amount of magnetic metal which they con-
fain js so calenlated that they wilibe fully or
nearly gaturated Ly the mapmets. Around
the armatures aro coils E F, contgined, re-
spectively, in the  cireuits ¢ and D. "The

GO

‘verted by the device in brancli D'.

engse ure similar to those in Iig. €, except
that the curréntsonrce lof Fig. 2is dispensed
witl and the saturation of the coro of coils
E ¥ obtained from the permancnt magnets,
In the ilustrations herelofora piven I havoe
in each instance shown the two branghes or
paths containing the translaling or indoction
devices as in derivation one tothe ofher; but
this is not alwnys necessary.  For exanplo,
in ¥ig. 7, A ix an alternating-cuorreut genera-
tor; B B, the line wires or circuit. At any
given point in the circwnit § form two paths,
as D 1), and st another point two paths, as

lar to the previous dispasitions with the clee-
trical sourte or indaction deviee in onc
braneh ooly, while the two gronps takoen 1o-

conneetions and clectrival eonditions in thiz |

g0
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Either pair or group of paths is simi-

35

gather forir the obvious equivalont of 1he -

cases in which an induclion devics or gener-
ator is included in bothh breanches. (n one
of the paths, as D, are included the de-
viees to ba operated by llic current. In the
other branch, as DY, is an induction device
that opposes the corrent impulses of one di-
reetion and direets them through the branch
. Bo, also, in branch C are trapslating de-
vices 3, and i branch (Y an induetion do-

viee or its equivalont that diverts through C,

impulses of opposite direction to those di-
I bhave
also shown ‘a speeial form of induction de-
vice for this purpose. J J’ are the cores,

i

formed with polepicees, upon which are.

wound the coils Bl N. Hetween these pole
picees are monnted at right angles to one an-
other the roagneticarmatures O I, praferably
mounted on the same shalt and designed to
be rotated in synchronisin with {lic alierna-
tions of cmrrent, When one of the arma-
tares s in line with- the poles.or in tho posi-
tion. oceupiod by avmaturc P, the magnetic
eircuit of - the indnction device is praciically
closed; hence thore will be the greatestoppo-
sition to the passaze of.g carvent ihroagl
ccils N N. The alternation will therefere
pass by way of branch ). At the same time,
the maguelic cirenit of the other induction
device being broken Ly the position of tho
armatire O, there will Do less opposition to
tho ewrrent in coils M, which will shaunt the
current from branch C. .A roversal of the

carrent being attended by a shilting of the-

armatures, the opposite effeat is produced. -
There are wany other modifications of the
means or methods of carrying out ny inven-

{ion; but 1 bave not deemed iy necesaary oro-

in to specifically refer to more thap. those do-
seribed, as they involve the chief modifiea-
tions of the plan. Tn all of these it will be
observed that there is developed in oncor all
of the brauclics of a ciréuit from a source of
alternaling eurrenls an nctive (as distin-
guislied from s dead) resistance or opposi-
tion to the ¢urrents of nne sign, for the pur-

go

95

I00

103

14

I20

125

r3o

pose of diverting ihe currents of that sign -

through {he other ar another path, but per-



' mitting the currents of opposite sign te pass’

without substantial opposition. .
‘Whether the divigion of the ourrents or
waves of enrrent of opposite elgn be effested
with absolute precision or not is immatarial
to my invention, sinco it will bo sufficient it

- the waves are only partially diverted or di-
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rected, for in soch "ease {he preponderating
inflnence in each branch of tho circult of the
waves of ono sign scoures the same practical
results in muny if not all respects as though
the current were direet and continnous,

An sltornating snd direct current have
been combined 50 that the waves of onc di-
rection or sign were partially or wholiy over-
come by the direct current; but by this plan
only one set of alternations are wuiilized,
whereas by my system the eniive eurrent is
rendered available. By obvious applications
of this discovery I am enabled to produce &
seif-exciting alternating dynamo, or to aper-
ate direct-current meters on alternating-cur-
rent cirguit, or to run various dovices—such
as are Iamps—by direct eurrents in thesame
cireuit with incandescont laraps or other de-
vices run by alternating eurrents.

Ii will be obsorved that.if an intermiftent
counter or opposing force be daveloped in the
branches of the cirenit and of higher electro-
molive force than that of the generator an
alternating current will result in each branch,

. with the waves of one sign preponderating,

35

while a constantly or nniformly acting oppo-
sition in the branches of higher eloctro-mno-
tivo force than the generafor would prodneo
a pulsating enrrent, which conditions wonld

be under. gome circumstances the equivalent
to those I have previously described.
What I claim as my invention is—

1. The method herein set forth of obtain-

ing direet from alternating eurrents, which
consista in developing or producing in ono

"branch of a cireuit from an alternating-cur-

rent sorree an active resistance to the cor-
rent impulzes of one direction, whereby the
Baid enrrents or waves of enrrent will.-be di-
veried or directed through another branch.

2. The method of obtaining direct from al-
ternating currents, which consists in divid-
ing the path of an alternating eurrent into
branches, and developing in -one of said
branches, either permanéntly or periodically,
an electrieal force or active resistance coun-
ter to or opposing the curronts or curreni-
waves of one sign, and In the other branch g
foroe dounter to or opposing the currents or
ourrent-waves of opposite sign, as seb forth.

3. The methed of obtaining direct from al-
ternating currents, which consistain dividing
the path of an alternating corrent into
branclies, ostablishing fields of foree and
lending the said brunches through the said
fields of force in such relation to the lines of
forco therein that the impnlses of eurrent of
one direction will be opposced in one branch
and those of opposite direction in the other,
as sef forth. -

NIKOLA THSLA.
Witnesses: . :
RROBT. I, GAYLORD,
K. B. MURPITY.
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~ UnNrTeED STATES PATENT OFFICE.

NIKOLA TESLA, OF NEW YORK, N. Y., ASSIGNOR TO THE TESLA ELECTRIC
: COMFPANY, OF SBAME PPLACE.

ELECTRO-MAGNETIC MOTO R.

SPECIFICATION forming part of Letters Patent No. 418,191, dated Dacember 3, 1889,
' Applioation filed May 20, 1880, Berial Ho, 311,413, (No modal.)

To all whom it may concern: -

Be it known that I, NIEOLA TESLA, a sub-
jeot of the Emperor of Austria, from Siniljan,
‘Lika, border country of Austria-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 bad to the drawings ac-

‘xro_ companying and forming a part of the same.

5

This invention pertains to thatclass of elee- |

tro-magnetic motors invented by me in which
two or more independent energizing-circuits
are employed, and throngh whicha lternating
earrents differing in phase ara passed to pro-
duce the operation or rotation of the motor.

. One of the general ways which I have fol-
lowed in carrying out this invention is to pro-
duce practically independent currents differ-

zo ingprimarily in phase and pass these thirough

23

the motor-circuits. Another way is to pro-
duce a single alternating current, to divide it
between the motor-cirenits, and to efect arti-
ficially a lag in one of ,the said eireuits or
branches, as by giving Lo the cirenits different
sélf-inductive capaeity, and in other ways.
In the former case, in which the necessary
difference of phase is primarily effected in
the generation of currents, I have, insome in-

30 stances, passed the currents through the en-

ergizing-coils of both elements of the motor—
the field and armature; but I have made the
discovery that a new and unseful resalt is or
1oay be obtained by doing this under the con-
ditions hereinafter specified in the case of

. motors in which the lag, as above stated, is

artificially secured. In this my present in-

_ vention resides.

40
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In illustration of the nature of this inven-
tion I'shall refer to the accompanying draw-
ings, in which— .

Figures 1to 6, inclusive, are diagrams of dif-
ferent ways in which the invention is or may
be carried out; and Fig. 7, a side view of a
form of motor which I have nsed for this
purpose.

The dingrams in detail will be deseribed
saparately. '

A B in Fig. 1 indicate the two energizing-

5o circuits of a motor, and C D two eircuits on

" the armature. Cirenit or coil A is connected

in series with cireuit or coil C, and the two
circuits B D are similarly connected. DBe-
tween coils A and Cis a contact-ring ¢, form-
ing one terminal of the latter, and a brusha, g
forming one terminal of the former. A ring
d and brush ¢ similarly connect coils B and
D. The opposite terminals of the field-coils
connect to one binding-post i of the motor, ‘
and those of the armature-coils are similarly 6o
connected to the opposite binding-post s
through a contact-ring f and brush g. Thns
each motor-cireuit while in derivation to the
other inclndes one armature and one field-
coil. These circuits are of different self-in- 65
duction, and may be madeso in various ways.
For the sake of elearness I have shown in one
of these circuits an artifieial resistance R
and in the other a self -induction c¢oil 8.
When an alternating current is passed jo
through this motor it divides between its two
energizing-cireunits. The.higher self-indue-
tion of one circuit produces a greater retarda-
tion or lag in the current therein thanin the
other. The difference of phase between the 73
two currents effects the rotation or shifting of
the points of maximum magnetic effect that
secures the rotation of the armature. In cer-
tain respects this plan of including Dboth
armature and fleld eoils in cireuit is a marked 8o
improvement. Such a motor has a good
torque at starting; yetithas also considerable
tendency to synclronism, owing to the fact
thatwhen properly constructed the maximum
magnetic effects in both armature and field 83
coineide—a condition which in the nsunal con-
struction of these motors with closed arma-
ture-coils is not readily attained. The motor
thus constructed exhibits, too, a better regu-
lation of current from no load to load, and go
there is less difference between the apparent
and real energy expended inrunning it. The
trune synchronous speed of this form of motor
is thatof the generator when both are ‘alike—
that is to say, if the number of the coils on o5
the armature and on the field is «, the motor
will run normally at the same speed as a gen-
erator driving it if the nunber of field-mag-
nets or poles of the same be also .

Fig. 2 shows a somewhat modified arrange- 100
ment of cirenits. Thereisinthis case but ono
armature-coil E, the winding of which main-
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taing effects corresponding to the resultant
poles prodaced by the two field-circuits.

Fig. 3 represents a disposition in which
both armature and ficld are wound with two
sets of coils, all in multiple are to the line or
main eircuit The armature-coils are wound
to correspond with the field-coils withrespect
to their self-induction. A modification of
this plan is shown in Fig. 4—that is to say,
the two field-coils and two armature-coils are
in derivation o themselves and in series with
one another.
as in the previous figure, are wound for dif-
farent self-induction to correspond with the
field-coils.

Another modification is shown in Fig. 6.
In this case only one armature-coil, as D, is
ineluded in the line-vircuit, while the other,
&s C, is short-circuited,

In such a disposition as thatshown in Fig. |

2, or where only one armature-coil is em-
_ployer] the torque on the start is somewhat
redunced, while the tendency to synchronism
issomewhatincreased. Insucha disposition,

as ghown in Fig. b, the opposite conditions |

would exist. In both instances, however,
there is the advantage of dispensing with one
contact-ring.

In Fig. 5 the two field-coils and-the arma-
ture-coil D are in multiple are. In Fig. &

shown in series with the two field-coils.

TFig. 7 is an outline of the general form of
motor in which I have embodied this improve- |

The armature-coils in this case, |
 or means of operating a-double-cireuit motor
by making its circuits of different self-indue-

416,101

ment; The circuif-connections between the

-| armature and field coils are made, as indi-

35

cated in the previous fignres, throngh broshes -

and rings, which are not shown.

In the above description I have made use
of the terms *armature” and “field;” but it
will be understood that these are in tIus case

- convertible terms, for what is true of the

field is equally so of thearmature, except that

-one is stationary, the other capable of rota-
tion,

Idonot claim in this application the. method

tion or in any way retarding the phases of
current in one eircuit move than in another,
having made these features subgect of other

_applications; bu$

What I claim is— _

1. Inanalternating-current motor, the com-
bination, with field-cirenits of different self-
induetive capacity, of corresponding arma-

- tare-cirenits electrically connected therewith,
' as set- forth.

t0
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2. Inanalternating-current motor, the com-

bination, with independent field-coils of dif-

‘ ferent self-induction, of independent arma-
" ture-coils, one or more in ecircuit with the
-field-coils and the others short-circunited, as set
-forth.

this disposition is modified, coil D' being |-

NIKOLA TESLA.
Witnesses:
ROBT. F. GAYLORD;
FrRANK E. HARTLEY.
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UNITED STATES

PaTENT OFFICE.

NIKOLA TESLA, OF NEW YORK, N. Y., ASSIGNOR TO THE TESLA ELECTRIC
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- To all whom it may concern:
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Be it known that I, NIKoLA TESLA, a sub-
jeet of the Emperor of Austria, from Smiljan,
Lika, bordercountry of Aunstria-Hungary, and
a resident of New York, in the county and
State of New York, have invented certain
new and useful Improvements in Methods of
Operating Electro-Magnetic Motors, of which

“the following is a specification, reference be-

ing had to the drawings accompanying and
forming a part of the same.

In a patent granted to me April 16, 1889,
-No. 401,520, I .have shown and desecribed a

method. of starting and operating symchro-
nizing motors which involved the transforma-
tion of the motor from a torque to a synchro-
nizing motor. This I have herstofore done
by a change of the circuit-connections, where-
by on the start the poles or resultant attrac-
tion of the field-magnets of the motor were
shifted or rotated by theaction of the current
until the motor reached synchronous speed,
after which the poles were merely alternated.
The present application is based upon another
way of accomplishing this result, the main
features being as follows: If an alternating
carrent be passed through the field-coils only
of a motor having two energizing-circuits of
different self-induction and the armature-
coils be short-circuited, the motor will havea
strong torque, but little or no tendency to
synchronism with the generator; but if the

‘same current which euergizes the field be

passed also through the armatare-coils the
tendency to remain in synchronism ‘is very
considerably increased. This is due to the
fact that the maximum magnetic effects pro-
duced in the field and armature more nearly
coincide. This principle discovered by me I
have utilized in the operation of motors. In
other words, I construet a motor having in-
dependent field-circuits of different self-in-
duction, which are joined in derivation to a
source of alternating currents. The arma-
ture I wind with one or more coils, which are
connected with the field-coils throngh contact
rings and brushes, and around the armature-
coils I arrange a shunt with means for open-
ing or.closing the same. In starting this mo-
tor I close the shunt around the armature-
coils, which will therefore be in closed cir-
cuit. When the current is directed throtigh

the motor, it divides between the two circuits,

1889, Serial No, 811,414, (Nomodel.)

(it is not necessary to consider any case where
there are more than two eircuits used,) which,
by reason of their different self-induction,
gecure a difference of phase between the two
currents in the two branches that produces
a shifting or rotation of the poles. By the
alternations of current other currents are
indaced in the closed—or short-circnited—
armature-coils and the motor has a strong

torque. When the desired speed is reached,

the shuntaround the armatare-coils is opened
and the current directed through both arma-
ture and field coils. Under these condi-
tions the motor has a strong tendency .to
synchronism.

In the drawings hereto annexed I have
illustrated several modifications of the plan
above set forth for operating motors. The
figures are diagrams, and will be explained
in their order.

Figure 1: A and B designate the field-coils
of the motor. Asthe circuitsincluding these
coils are of different self-induction, I have
represented this by a resistance-coil R in cir-
cuit with A, and a self-induction coil 8 in eir-
cuit with B. The same result may of course
be secured by the winding of the coils. Cis
the armature-circuit, the terminals of which
are rings a b.' Brushes ¢ d bear on these
rings and connect with the line and field
circuits. D is the shunt or short circuit
around the armature. E is the switch there-
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in. The operation of these devices I have -

stated above. _
It will be observed that in such a disposi-

‘tion as is illustrated in Fig. 1, the field-cir-

cuits A and B being of different self-indue-
tion, there will always be a greater lag of

the eurrent in one than the other, and.

that, generally, the armature phases will not
correspond with either, but with the result-
ant of bofh. It is therefore important to ob-
gerve the proper rule in winding the arma-
ture. For instance, if the motor have eight
poles—four in each circuit—there will be four
resultant poles, and hence the armature-wind-
ing should be such as to produce four poles,
in order to constitute a‘true. synchronizing
motor.

TFig 2: This diagram differs fromn the pre-
vious one only in respect to the order of con-
nections. In the present case the armaiure-
coil, instead of being in series with the field-
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coils, is in multiple are therewith. The ar-
mature-winding may be similar to that of the
field—that is to say, the armature may have
two or more coils wound or adapted for dif-
ferent self-induction and adapted, prefera-
bly, to produce the same difference of phase
as the field-coils. On starting the motor the
shunt is closed around both coils. 'This is
shown in Fig. 3, in which the armature-coils
are I' G. To indicate their different elec-
trical character, I have shown in circuit with
them, respectively, the resistance R’ and the
self-induction coil S’. The two armature coils
are in series with the field-coils and the same
disposition of the shunt or short cireunit D is
used. Itisofadvantagein theoperation.of mo-
tors of this kind to construct or wind the arma-
ture in such manner that when short-circuited
on the startit will have a tendency to reach a
higher speed than that which synchronizes
with the generator. Forexample, a given mo-
tor having, say, eight poles should run, with
the armature-coil short-circuited, at two thou-
-sand revolutions per minute to bring it up to
synchronism. It will generally happen, how-
ever, that this speed is not reached, owing to
the fact that the armature and field currents
do not properly correspond, so that'when the
current is passed through the armature (the
motor not being quite up to synchronism)
theve is a liability that it would not “hold
on,” as it is termed.. I therefore prefer to so
wind or constroct the motor that on the start,
when the armature-coils are short-cireuited,
the motor will tend to reach a speed higher
than the synchronous—as, forinstance, double
the latter. In such case the difficulty above
alluded to is not felt, for the motor will al-
ways hold up to synchronism if the synch-
ronous speed——in the case supposed of two
thousand revolutions—is reached or passed.
This may be accomplished in various ways;
but for all practical purposes the following
will suffice: I wind on the armature two sets
of coils. On the startIshort-circuit one only,
thereby producing a number of poles on the

- armature, which will tend torun the speed up

50
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above the synchronous limif. When such

limit is reached or passed, the current is di-
rected through the other coil, which, by in-.

creasing thenumber of armature-poles, tends
to maintain synchronism. In Fig. 4 such a
disposition is shown. The motor having,
say, eight poles contains two field-circuits A
and B, of differentself-induction. The arma-
ture has two coils F and G. Theformer. is
closed upon itself, the latter connected with

* the field and line through contact-rings a b,

6o

brushes ¢ d, and a switch E. On the start
the coil T alone is activeand the motor tends
to run at a speed above the synchronous; but
when the coil G is connected to the circuit
the number of armature-poles is increased,

- while the motor is made a true synchronous

€5

motor. This disposition has the advantage
that the closed armature-circnit imparts to
the motor torque when the speed falls off, but

at the same time the conditions ave such that
the motor comes out of synchronism more
readily. To increase the tendency to synch-
ronism, two circuits may be used on the arma-
ture, one of which is short-circuited on the

-start and both connected with the external

circuit after the synchronousspeed is reached
or passed. This disposition is shown in Fig,
5. There are three contact-rings a b e and
three brushes ¢ d f, which eonnect the arma-
ture-circuits with the external ecircuit. On

- starting, the switeh H is turned to complete

the connection between one binding-post P
and the field-coils, ‘This short-cireuits one
of the armature-coils, as G. The other coil
F is out of circuit and open. When the
motor is up to speed, the switch H is turned
back, so that the connection from binding-

70
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post P to the field-coils is through the ecoil ..
G, and switch K is closed, thereby including -

coil I' in multiple arc with the field-coils.
Both armature-coils are thus active.

From the above-deseribed instances it is
evident that many other dispositions for car-

-Tying ot the invention are possible.

I do not claim herein the method and
means described and shown for operating.a
motor by producing artificially a differenco
of current phase in its independent ener-
gizing-cireuits; nor do I claim, broadly, a
motor having independent energizing- cir-
cuits of different self-induetion and arma-
ture-circuits connected therewith, as these
features are made subjects of other applica-
tions which I have filed.

What I claim is— _

1. The method herein described of operat-
ing alternating-current motors having inde-
pendent eneérgizing-circuits, which consists

in short-circuiting the armatare circuit or

circuits until the motor has reached or passed
& synchronizing speed aund then connecting
said armature-circuits with the external cir-

-cuif, as set forth. .

2. The method of operating alternating-
current motors having field-coils of different

self-induction, which consists in directing al-
tfernating currents from an external source

9o
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through the field-circuits only until the mo-

tor has reached a given speed and then di-
recting said currents through both the field-
circuits and one or more of the armature-cir-
cuits, as set forth.

3. The method of operating alternating-
current motors having field-ceoils of different
self-induction, which consists in divecting al-
ternating currents from an external source
through the field-circuits and short-circuiting
a part of thearmature-cireuits, and then when
the motor has attained a given speed direct-
ing the alternating currents throngh both the
field and one or more of the armature-ci reuits,

as set forth.
NIKOILA TESILA.
Witnesses:
ROBT. F. GAYLORD,
FRANK E. HARTLEY.
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- UNITED STATES

PATENT OFFICEO

NIKOLA TESLA, OF NEW YORK, N. Y., ASSIGNOR TO TIIE TESLA ELECTRIC, .
: ' COMPANY, OF SAME PLACE.

ELECTRO-MAGNETIC MOTOR.

SPECIFICATION forming part of Letters Patent No. 416,193, dated December 3, 1889.
Application flled May 20, 1888, Serial No.311,415, (No model,)

To all whom it may concern:

Be it known that I, NIKOLA TESLA, a sub-
ject of the Emperorof Austria, from Smiljan,
Lika, border country of Austria-IHlungary, 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 accompany-
ing drawings.

This invention relates to alternating-cur-
rent motors of the general description in-
vented by me, and in which two or more en-

ergizing-circuits are employed, throngh which

alternating currents differing in phase are
passed, with the result of producing a pro-
gressive shifting or rotation of the poles or
points of maximum attractive effect.

In prior patents and applications I have
shown and described various forms of motors

" of this kind.. Among them are motors in

25

which both energizing-circuits are electrically
alike—that is to say, both have the same or
approximately the same electrical resistance

‘and self-induction—in the operation of which

the alternating currents used are primarily
of different phase. In others the difference

- of phase is artificially produced—as, for in-
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stance, in cases where the motor-circuits are
of different resistance and self-indnetion, so
that the same current divided between them
will be retarded in one to a greater extent
than in the other, and the requisite phase dif-
ference secured in this way. ' To this latter
class generally my present invention relates.

The lag or rotation of the phases of an al-
ternating current is directly proportional to
the self-induction and inversely proportional
to the resistance of the cirenit through which
the current flows. Hence, in order to secure
the proper difference of phase between the
two motor-circuits, it is desirable to make the
self-induction in one much higher and the re-
sistance much lower.than the self-induction
and resistance, respectively,in the other, At
the same time the magnetic quantitiesof the
two poles or sets of poles which the two cir-
cuits produce should be approximately equal.
These requirements, which I have found to
exist in motors of this kind, have led me to

the invention of a motor having the follow-

ing general characteristics: The ecoils which -
are included in that energizing-circuit which
is to have the higherself-induction I malke of
coarse wire, or a conductor of relatively low
resistance, and I use the greatest possible
length or number of turns, In the other set of
coils I use a comparatively few turns of finer
wire or a wire of higher resistance. TFnrther-
more, in order to approximate the magnetic
quantities of the poles excited by these coils,
I use in the self-induction eireuit cores much
longer than those in the other or resistance
cireuit. T have shown in the drawings a mo-

55
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tor embodying these features. 65
Figure 1 is a part-sectional view of the'mo-
tor at right angles to the shaft. TFig. 2 is a

diagram of the field-cireunits.

In TFig. 2, let A represent the coils in
one motor-cirenit, and B those in the other.
The cirenit A is to have the higher self-in-
duction. I therefore use a long length or a
large number of turns of coarse wire in form-
ing the coils of this cireunit., TFor the circuit
B, I use a smaller conductor, or a conductor
of a higher resistance than copper, such as
German silver or iron, and wind the coils with
fewer turns. In applying these coils to a mo-
tor I build up a field-magnet of plates C, of
iron or steel, secured together in the usnal
manner by bolts D. Each plate is formed
with four (more or less) long cores E, around
which is a space to receive the coil and an
equal number of short projections F to receive
the coils of the resistance-circuit. The plates
are generally annular in shape, having an
open space in the center for receiving the
armature G, which I prefer to wind with closed
coils. An alternating current divided be-
tween the two circuits is retarded as to its
phases in the circunit A to a much greater ex-
tent than in the circuit B. By reason of the
relative sizes and disposition of the coresand
coils the magnetic effect of the poles B and
I upon the armature-closely approximate.
These conditions are well understood and
readily secured by one skilled in the art.

An important result secured by the con-
struction herein shown of the motor is, that
these coils which ave designed to have the 1co
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higher self-induction are almost completely
surrounded by iron, by which the retardation
is considerably increased.

I do not elaim herein, broadly, the method
5 and means of securing rotation by artificially
producing a greater lag of the current in one
motor-circuit than in the other, nor the use
of poles or cores of different magnetic sus-
ceptibility, as these are features which Ihave

1o specially claimed in other applications filed

by me.

What I claim is—

1. An alternating-current motor having
two or more energizing-cireuits, the coils of
of conductors of
large size or low resistance and those of the
other of fewer turns of wire of smaller size or
higher resistance, as set forth.

cuits, {he coils on thelonger cores containing

an excess of copper or conductor over that in
the others, as set forth. _

3. The combination, with a field-magnet
composed of magnetic plates having an open
center and pole-pieces or cores of different
length, of coils surrounding said cores and
ineluded in independefit circuits, the coils on
the longer cores containing an excess of cop-
per over that in the others, as set forth.

4.

center and pole-pieces or cores of different
length, of coils surrounding said cores and
included in independent circuits, the coils on
the longer cores containing an excess of cop-
per over that in the others and being set in
recesses in the iron core formed by the plates,

NIKOLA TESLA.

- as set forth.
9. In an alternating-current motor, the com- |
20 bination, with long and short field-cores, of
energizing-coils included in independent eir- |

Witnesses:
RoBT. I'. GAYLORD,
FRrRANK E. HARTLEY.
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The combination, with a field-magnet .
composed of magnetic plates having an open’
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UNITED -STATES

PATENT OFFICE.

NIKOLA TESLA, OF NEW YORK, N. Y., ASSIGNOR TO THE ‘ESLA ELECTRIC
) COMPANY, OF SAME PLACE.

_ ELECTRIC MOTOR.

SPECIFICATION forming part of Letters Patent No. 416,194, dated December 8, 1889.

Application filed May 20,1888,

To all whom it may concern:

Bo it kmown that [, NIROLA TuS1.A, & sub-
Jject of the Emperorof Austris, from Smiljan,
Lika, border country of Austria-IIungary,
residing at New York, in the county and State
of New York, have invented eortain now and
useful Improvements in Electro- Magnetic
gotors, of which the following is a.spocifica-

on. '

This invention relates to the alternating-

. carrent electro-magnetic motors invented by

x5

20

me, in which a progressive shifting or To-
tation of the poles or points of maximum
magnetic effectris produced by the action of
the alternating currents. These motors I
have constructed in a great varioty of ways.
As instances, I have built motors with two or
more encrgizing-cirenits, which I connected
up with correspondiug circuits of a generator
80 that the motor will be energized by alter-

" nating corrents differing primarily in phase.

25
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I have ulso built motors with independent
energizing-circuits of differentelectrical char-
acter or self-induction, through which I have
passed an altornating current the phases of
which were artificially distorted by the greater
rotarding effect of one ecireunit over another.
I have also constructed other forms of motor
operating by magnetie or eleetric lag, which

it is not necessary to deseribe herein in detail.

although ny present invention is applicable
thereto. In such moiors I use an arwature
wound with a coil orcolls, which is sometimes
connected with the external eircuit and some-
times closed upon itaclf, and to both forms
the present invention applies. In these mo-
tors the total energy supplied to effect their

. opevation is equal to.the sum of the energies

expended in the armatureand tho field. The
power developed, however, is proportionate
to the productof these qnantities. This pro-
duct will be greatest when these quantitics are
equal; hence in constructing a motor I deter-
mine the mass of thearmature and ficld ‘cores
and the windingsof bothand adapt the two so
as to equalize as nearly as possible. the mag-

neticquantities of both. In motors which havo

closed armature-coils this iIs only appruxi-
matoly possible, as the energy manifested in

50 the armature is the result of inductive action

Serial No. 311,418, (No model)

from the other element; but in motors in
which the coils of both armature and field
are connected with the external circuit the
rosult can be much more perfectly obtained.

In further explanation of my object let it 55
be assumed that the energy as represented in
the magnotism in -the field of a given motor
is ninefy and thatof the armature ten. - The
sum of these quantitiés, which represcnts the
total energy expended in driving the motor, 6o
is one hundred; bat, assuming that the motor
be 8o constructed that the enorgy in the field
is represeunted by fifty and that in the arma-
ture by fifty, the sum is still one hundred;.
but while in the first instance the product is. 65
nine hundred, in the second itis two thonsand
five hundred, and as the encrgy developed is

in proportion to these produots it is clear that

those motors are-the most cficient—other
things being equal—in which the magnetic 70
energics doveloped in tho armature and field
arc cqual. These results I obtain by using
the same amount of copper or ampdre turns
in both elemonts when the cores of both are
equal, or approximately o, and the same cur- 75
rent energizes both; or in cases where the
carrents in onc cloment are induced to those
of the other I use in the induced coils an
excess of eopper over that in the primary
clement or conduclor. : 8>
WWhile I know of noway of illustrating this
invention by a drawing such as will meet
thoe formal requirements of an application for
patent, I have appended for convenience a
convontional figure of a motor such as I em- 85
ploy. I would state, however, that I belicvo
that with the problom before him which I
bhavo horein stated, and the solation which I
have proposed, any one skilled in the art will
be able to carry out and apply this invention go
without difficulty. o
Generally speaking, if the massof the cores
of armature and field be equal, the amount
of copper or ampére turnsof the energizing-
coils on both shonld also be equal; but these 95
conditions will be modified in well-understood
ways in different fors of machine. It will
bo understood that these results are mostad-
vantageous when existing under the con-
ditions presented when the motor is ranning 100
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with its normal load, and in earrying out tho | 1. An cleetro-magnetic motor having field
invention this fact should be taken mto con- | and armature magnets of cgual Btren'rth or
sideration. magneticquantity when energized by a given 15
Referring to the drawing, A is the field- | eurrent, as set forth.
5 magnet, B the armature, C the field-coils, and 2. In an alternating-current motor, the
D the armature-coils, of the motor. - combination, with field and armature cores
The motors deseribed in this application, | of equal mass, of cnergizing-coils containing
except as to the features specifieally pointed | equal amounts of copper, as herein set forth. 20

out in the claims, arc deseribed and elaimed NIKOLA TESLA.
10 in prior patonts granted to and applications Witnesses:
filed by me, and are not hercin elaimed. Rowr. F. GAYLORD,

What I ¢laim is— * FRANK E. HARTLRY.
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UNITED STATES

PaTENT OFFICE.

'NIKOLA TESLA, OF NEW YORK, N. Y., ASSIGNOR 10 THE TESLA ELECTRIC

COMPANY, OF SAME PLACE.

ELECTRO-MAGNETIC MOTOR.

SPECIFICATION forming part of Letters Patent No, 416,108, dated Dacember 8, 1889.
Appliestion filed May 20,1888, Berial Ko, 311,418, (o model.)

To all whony it may concern:-

Be it known that l'{ NIKOLA TESLA, a sub-
jectof the Emperor of Austria, from Smiljan,
Lika, border country of -Austria-Hungary, re-
siding at New York, in tho county.and State

- of New York, havo invented certain new and

10

15

- ‘electrical character, and in the opcration of -

20

25

useful Improvements in Electro- Magnetic
Motors, of which the following is a specifica-
tion, referenco being had to the drawings ac-
companying and forming a part of the same.

This.invention relates to that form of alter-
nating-currentmotorinvented by mo,in which
there are two or more energizing- cireuits
through which alternating currents differing
in phase are caused to pass. I bave in prior
patents and applications shown various forms
or types of this motor—first, motors hgving
two or more cnergizing-cireuits of the samo

which the currents used differ primarily in
phase; second, motors with a plurality of cn-
ergizing-circuits of differcnt oleetrical char-
acter, in or by means of which the difference
of phase is produced artificially, and, third,
motors with a plurality of energizing-circuits,
the currents in one Leing induced from
currents in another. I shall . liereinafter

-show the application of my present inven-

30
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tion to these scvaral types. . Considering the
structural and operative conditions of any

‘one of them—as, for.cxample, that first-

named—the armature:which is mounted to
rotate .in obedience to-the co-operative in-
fluence or action of the energizing-cirouits has
coils wound upon-it which arc closed upon
themselves and in which enrrents are induced
by the energizing-currents with the objcet and
result of energizing the armature-cove; but nn-

- der any such conditions as must exist in these

40

motors it is obvious that a certain thme must
€lapse between the manifestations of an ener-
gizing-current. impulse in the field-coils, and

~ the corresponding magnetic state or phase in

45

‘50

the armature established by the current in-
duced thereby; consequently a given maguetic

influence ot effect in the field which is the di--

rect result of a primary-current impulse will
have become more or less weakened or lost
before the corresponding effect in the arma-
ture indirectly produced has reached its

- maximum. This is a condition unfavorable

to officient working in eertain cases—as, for
instanece, when the progress of the resaltant
poles or points of maximam attraction is very
greaf, or when a very high nomber of alter-
nations is employed—for it is apparent that
a stronger tendency to rotation will be main-
tained if tho maximum magnetic attractions
or conditions in both armature and field co-
incide, the encrgy developed by a motor. bo-
ing measured by the prodact of the magnetic
quantities of the armature and field..

The object, therefore, in this invention is
to so construct or organize these motors that
the maxima of the magnetic effects of the
two clements-—the armatore and field—shall
more nearly coincide. This I accomplish in
various ways, which I may best explain by
reference to the drawings, in which various
plans for accomplishing the desired results
aro illustrated. o

Figure 1: This is a diagrammatic illustra-
tion of amotorsystemsuch asT have described
in my prior patents, and in which the alter-
nating currents proceed from indcpendent
sources and differ primarily in phase.

A designates tho field-magnet or magnetic
frame of the motor; B B, oppositely-located
pole-pioces adapted to receive the coils of one
cnergizing-circuit; .and C C, similar pole-
pieces for tho coils.of the other enorgizing-
cirenit. These circiits' are dosignated, re-
spectively,by D E, tho conductor D”’ forming
a common rcturn to the genevator G. Be-
tween these poles is mounted an armatnre—
for cxample, & ring or annular -armature,
wound with a sorics of coils F, forming a
closed cireuit or eircuits, The action or op-
eration of a motor thus constructed is now
well anderstood. It will be ohsorved, how-
ever, that the magnotism of poles B, for ex-
ample, established by & current-impulse in
the coils thereon, precedes the magnefic effeet
set up in the armature by the induced cur-
rent in coils F.
attraction betwec. the armature and fleld-
polesis considerably reduced. Thosame con-
ditions will be found to exist if, instead of
assuming tho poles B or C as acting inde-
pendently, we regard the ideal resultant of
both acting together, which is the real eondi-
tion. To remedy this,T construct the motor-
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field with sccondary poles B3’ 'C’, which are
situated botwoen the others. Theso pole-
pieces I wind with coils D’ E’, the former in
derivation to the coils 1), the lattor to coils E.
The main or primary coils D and E are wound
for a diffcrount sef-induction from that of the
colls D’ and F/, the relations being so fixed
that if the currents in D and E difler, for ex-
ample, by a quarter-phase, tho currents in
each secondary coil, as D’ K’, will differ from
those in its appropriate primary D or E by,
say, forty-five degrees, or one-eighth of a pe-
riod.

I explain the.action of this motor as fol-
lows: Assuming that an impulse or alterna-
tion, in circuit or branch E is just beginning
while in the branch D it is just falling from
maximum, the conditions of a quarter-phase
"difference. The ‘ideal resultant of the at-
tractive forces of the two sets of poles B C
therofore may be considered as progressing
from poles B to poles C while the impulse in

- E Is rigsing to maximwm and that in D is fall-

40
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ing to zero or minimum. The polarity setup
An the armatnre, however, lags behind the
-manifestations of field magnetism,and hence
the maximum points of attraction in arma-
ture-and ficld, instead of coinciding, are an-
gularly displaced. Thiscffeetiscounteracled

" by the supplemental poles B’ ¢’. Tho mag-

netic phases of these poles succoed those of

poles B C by the same, or nearly the same,’

period of time as elapses between the effect
of the poles B C and the corresponding in-
duced effect in the armature; hence the mag-
netic conditions of poles B’ C’ and of the
atimatuarc more nearly coincide and a bettor
result isobtained. As poles B’ ¢/ act in con-
junction with the poles in the armature es-
tablished by poles B C, so in turn poles C 13
act similarly with the poles.set up by B’ ¢V,
respectively.  Under such eonditions the re-
tardation of the magnetic effect of 1lie arma-
ture and that of tho secondary poles will bring
the maximum of the two more nearly into
coincidence and a.correspondingly-stronger
torque or magnetic attraction secured,

In such a disposition as ig shown in Fig. 1
it will be obscrved that as the adjacent pole-
pieces of either circuit are of like polarity
‘they will have a certain weakening effect
upon one another. I therefore prefer to ro-
move the sceondary poles from the direct in-
fluenee of the others. This I may doby con-
structing a motor with two independent sets
of fields, and with either onc or two armatures
electrically connected, or by using two arma-
tures and one field. These modifications will
be illustrated hereinafter. ‘

- Fig. 21is a diagrammatic illustration of a
motor and system in which the difference of
phase is artificinlly prodnced. Thereare two
coils D D in one branch and two coils E E in
the other bramch of the main cirenit fromn
the gcnerator G. These two eircuits or

- branches are of different self-induction, one,

as D, being higher than the other. For con-

venionce I have indicated this by making

coils D much larger than coils E. By reason
of this difference in the electrical clharacter
of the two cirenifs the phases of current in
one are retarded to a greater extent than the

othér. T.et this difference be thirly degrees. .

A motor thus construeted will rotate under
the action of an alternating current; but as
bappens in the case previously deseribed the
corresponding magnetic effects pf the arma-
ture and field do not coincide owing to the
timo that elapses between a given magnetic
effect in the armature and the condition of
the ficld that produces it. I therefore em-
ploy the secondary or suppleinental poles B’
C’. There being thirty degrees difference of
phase between tho currents in coils D E, the
magnelic cects of poles B’ ¢ should corre-
spond to that produced by a current differing
from the current in coils I or E by fiftcen
degrees. This I may accomplish by winding
each supplemental pole B’ C’ with two coils 1L
H’. The coilsH are included in a derived cir-
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cuit having the same self-induction as eircuit

D, and coils 1I’ in a circuit having the same
self-induction as circuit E, 80 that if these cir-
cuits differ by thirty degrees the magnetism of
poles B’ C’ will correspond to that produced
by a current differing from that in either D

95

or E Dy fifteen degrees. This is frue in all .

other cases. For example, if in. Fig. 1 the
coils D’ E be replaced by the coils H H’ in-
clyded in derived circuits, the magnotism of
the poles B’ ¢’ will correspond in effect or
phase, if it may' be so termed, to that pro-
duced by a current differing from that in
cither circuit D or E by forty-five degrees, or
one-eighth of & period.

This invention as applied to a derived-cir-

cuit motor is illustrated in Figs. 3 and4. The-

former is an end view of the motor with the
armatare in section and a diagram of eonnece-
tions, and Fig. 4 a vertical section through
the field. These figures are also drawn to
show onc of the dispositions of two fields that
may be adopted in carrying out the invention.
The poles BB € C are in one field, the re-
maining poles in-the other. The former are
wound with primary coils I J and secondary
coils I’ J’, the Iatter with coils K L. The pri-
mary coils 1.J are in derived circuits, between
which, by reason of their different self-indue-
tion, there is a difference of phase, say, of
thirty degrees. The coils I’ X are in circuit
with one another, as also are coils J’ I, and
there should be a differenco of phase between
the currents in coils K and I and their corre-
alggondin g primaries of, say, fiftcon degrees.

the poles B C are at right angles, the arma-
ture-coils should be connected directly across,
or a single armature-core wound from end to
end may be used; but if the poles B C be in
line thero should be an angalar displacement
of the armature-coils, as will be well under-
stood.

The operation will be nnderstood from the
foregoing. The maximum magnetic condition
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of & pair of poles, as B’ B’, coincides closely
with the maximum effect in the armature,
which lags behind tho corresponding condi-
tion in poles B B. - : .

There are many other ways of carrying out
this invention, but they all involve the same
broad principle of construction and operation.

In using oxpressions herein to indicate a

coincidence of the magnetic phases or effocts

to in one set of field-magnots with those set up

in the armiature by the other I rofer only to

approximate results;- but this of counrse will'

be unde; ‘

‘What I claim is— -

1. Insnalternating-current motor, the com-
bination, with an armature wound with closed

coils, of main and supplemental ficld magnets
or poles, one set of which is adapted to ex-
hibit thelr maximmum magnetic effect simul-
taneously with that set up in the armatire
by the action of the other, as set forth.

2. In an electro-magnetic motor, the combi-
nation, with an armature, of a plurality of
field orencrgizing coils included, respectively,

20

in main circuits adapted to produce a given 25

diffcrence of phase and supplemental or sec-
ondary eircuits adapted to produce an inter-
mediate difference of phase, as set forth.
NIKOLA TESLA..
Witnesses;

R. J. STONEY, JT.,
-JOHN GILLESPIE.
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UNITED STATES

PaTeEnT OFFICE.

ALBERT SCHMID, OF ALLEGHENY, AND NIEOLA TESLA, OF PITTSBURG,

ASSIGNORS TO THE WESTINGHOUSE

BURG, PENNSYLVANIA.

ELECTRIC COMPANY, OF PITTS-

ARMATURE FOR ELECTRIC MACHINES.

SPECIFICATION forming part of Letters Patent No, 417,794, dated December 24, 1889.
- Application fled June 28,1888, Berial No. 815,837, (No model.)

To all whom it may concern:

Be it known that we, ALBERT SCHMID and
NIRoLA THSLA, citizens, respectively, of the
Republic of Switzerland and Smiljan, Lika,
border conntry of Austria-Hungary, now re-
siding in Allegheny and Pittsburg, both in
the county of Allegheny and State of Penn-
sylvania, haveinvented a certain new and use-
ful Improvement in Armatures for Eleetric

Machines, {Case No. 310,) of which the follow- |

ing is a specification. :

The invenfion relates to the construction of
armatures for electric generators and motors,
and the object is to provide an electrically-
efficlent armature, the construction of which
is simple and -economical, and in which the
coils’of insulated conducting wire or ribbon
‘may be eonveniently wound or formed info
‘bobbins so loeated with reference to the body
of the armature as to afford as good results as
possible,

For certain purposes it is desirable to con-
struet thearmatures of electrie generators and
motors with their cores of magnetizable mate-
rial projecting thromgh the coils into close
proximity to the tfield-magnet poles. When
armatures are constrocted in this manner,
some means are necessary for holding the coils
in position and preventing them fromn being
thrown out by centrifugal force.

This invention aimsto provide snch means
in an armature having polar projections, and
also to form an armature in such manner as
t0 expose & large area of core-surface to the
field-magnet poles.

The invention consists, in general terms, in
forming an armature-core which is preferably
built up of lamina of magnetizable material
insulated from each other, with diverging
slots or openings for receiving the armature
wire or ribbon, which slots are connected with
the exterior of the armature by openings
through which the wire may be laid in the
slots, and in placing the wire in such slots in
the proper manner.

We are aware of the United States Patents
No. 827,797, granted to Immisch, and No.
292,077, granted to Wenstrom, and the British

patent of Coerper, No. 9,013 of 1887, and do
not claim the constructions shown and de-
seribed therein. . ‘
" The invention will be described more par-
ticularly in connection with the accompany-
ing drawings, in which— ’ :
Figure 1 isan end view, partly in seetion, of
an armature embodying thefeatures of the in-
vention, and Fig. 2 is n plan of the armature.
Referring to the figures, I F indicafte field-
magnet poles, and A represents the body or
core of an armature composed, in this in-

-stance, of lamine of magnetizable material

built up in any suitable manner, the laminz
being preferably separated by intervening
strata of insulating material. Theindividual
plates or lamine ave constructed with radial
openings ¢, extending a short distance from
the surface, and with slots or openings b, which
extend in different directions from the open-
ings ¢. The slots diverge from each other at
such angles as to cause the two slots upon the
opposite sides of each web ¢ thus formed to
Lie in the samechord of the circle of the arma-
ture, The plates may also be stamped or
formed with openings G to remove the nn-
necessary metal. After the plates arve formed
they are laid up inthe proper manner to form
tho entire armatur-core, the slots b being
placed opposite each other to form continuocns
openings through the entire length of the
armature. These openings may be lined by
pockets % of imsulaiing material—such, for
instance, as vulcanized fiber—and the wires
are then wound into the slois from the open-
ings ¢ and around the respective webs e,
Winding-clips & may be placed at the respect-
ive ends of the armature opposite oach webe
t0 hold the wires in the proper pesitions ag
they are wound in the slots and down upon
the armature ends,

The wires having been wound inte their
proper positions, they may be held more se-
curely in position by means of blocks X of
non-magnetic material, placed at intervals or
extending through the entire slots or open-
ings ¢ and projecting into the slots b.

An armature constructed in the manner



e

- and an opening to the exterior of the
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described is found to be very efficient in its
operations and at the same time simple in
its constroction.

The connections between the armature-coils
and the conduectors or eollecting-plates may
be made in any usual well-known manuer, ac-
cording to the purposes desired to be served.

We claim as our invention—

1. Acore for electrical machines, composed

of plates of magnetizable material separated
by insulation, said plates having diverging
slots for receiving the armatnre-conductors
plate at
the origin of the diverging slots. :

2. A core-plate for electrical -machines,
stamped with diverging slots at intervals near
its periphery and an opening fo the periphery
at the angle formed by each two diverging
slots. .~

3. A core for electrical machines, composed
of plates of magnetizable material separated
by insulation, said plates having diverging
slots for receiving the armature-conductors

- and an opening to the exterior of the plate at

25

30

35

the origin of the diverging slots, the width of
such openings being approximately equal to
the width of the slot.

4. An armature-core for eleetric machines,
consisting of plates of magnetizable material
soparated by insulation, having radial open-
ings at intervals, slots diverging From said
opeuings for receiving armature-coils, and
winding blocks orclips at the ends of the core,

5. An armature-core for electrieal appara-
tus, composed of plates of magnetizable ma-

41%,704

terial separated by insulation and having
radial openings at intervals, slots extending
in opposite directions from said openings for
receiving wires, and insulating-linings for snid
slots. )

6. An armatuve for electric machines, con-
sisting of a laminated core formed with dai-
verging slots for receiving the yires, said slots
leaving intervening webs, and coils of wire
wound in said slots. - .

7. An armature for electric machines, con-
sisting of a laminated core formed with di-

‘verging slots for receiving the wires, said slots

leaving intervening webs, coilsof wire wound
in said slots, and non-magnetizable material
closing the openings of the adjacent slots out-
side the wires, substantially as described.

8. An armatuore for electric machines, con-
sisting of a core having its onter surface con-
tinuons except for narrow longitudinal open-
ings at intervals and baving slots diverging
from said openings, armature-coils wound in
said slots, and Dblocks or strips of non-mag-
netizable material elosing the openings and
forming with the metal of the armature a
practically continuous surface.

In testimony whereof we have hereunio
subscribed our names this 25th day of June,
A.D. 1889

ALBERT SCIIMIDN.
NIKOLA TESLA.

Witnoesses:
W. D. UPTEGRAFT,
CHARLES A, TERRY.
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UNITED STATES

PateNT OFFICE. .

NIKOLA TESLA, OF. NEW YORE, V. Y.

VYo , ASSIGNOR TO THE TESLA
COMPANY, ‘OF SAME PLACE. :

ELECTRIC

ELEGTRO-MAGNETIC MOTOR.

'BPECTFICATION foruiing pait of Lettars Patent No. 418,248, dated Decomber 31, 1680,
o Applioation $7ed Way 30, 1882, " Berial No. 11,430, (Ko model)

. To all whom i may concern: . -

Be it known that I, NTEOLA TESLA, & sub-

ject of ‘the Emperor of Austria-Harigary, for-.

' merlyof Smiljin, Lika, border éduntry of Aus-
¢ tria-Hungary, but now residing at New York,
lo-the county and State-of. New York, have

- Inyented certain new -and- tseful Improve-.

nments in. Mathods of Oparating Electro-Mag-
metic. Mgtors, of which tho following is fspect-
10 fleation, reference belug had fo, tie drawiig
-. accompanyingand forming a partof the same.
.. In a patent granted to me Apel 16, 1889,
No. 401,620, 1 bave shown.and described &
.method of-operating alternating-c¢orrent mo-
15 T 8h1L otal
. netle poles Tntil they had reathed or passed
. & synchzonons epoed and then alternatingthe
. -poles, or, in other words, by tradsforming the
~ motor by achsnge of circuit-connedtions from
20 ‘¢one operated by the astion of two or more in:
dependent enérglzing-enrrenta to a motor op-
erated by a single current or several soling
a8 one. Coe T e
.+ The present iuvention.is a spoeific way of
earsying out the same invention; and it cor-
sists in the following method: ‘On the start.1
progressively shift
element or field of the motor by alternating
eurrentsdifferingin phase as passed through

_’s

30
oirouit the coils of-the other slement. When
the motoi thus started reached or passes the
limit of speed synchrunous with the gonera-
tor, I connéot up the ooils previously short-

15_oircuited with a source of direct currént and’

. by a'change of the circuit-connections %ro-

he-
motor then continues to run in synchronism’
with the generator. “I'hereare many specific:-
ally-ditferent ways in which this may be car- ]
ried out; but I have selected onefor illustrat-’

duce & simple alternation of the poles.

- 4e

ing the prineiple. This ia illustrated in the

. annexed drawing, which 15 & side view of &
motor with a diagram of the cirouits and de-
vices used in the systenmi. . o .
The mbtor-shown is one of the ordinary
férms, with field-cores ‘cither laminated or
polid and with a cylindrical laminated arms-
ture wonnd, for. example, with the coils A B
go at right angles. The shaft of the armature

45

catries three collecting or contact rings C Dl

tors by first sfifting or rotating theirmag-.

| brushes G F, respectively, through the wire

e magnetic poles of one’

independent energizing-circuits -and short-

" R (Shown, for. better lllustration, as of dif-

¥erént diameters. o e
. ‘One end of ‘coil A connects to one ring, as:.-
.C, and otie end of coil B connects with ring D. 55
The remaining ends are connected to ring E,
Collecting springs or brushes .F. G H bear - .
‘npon the rings and lead to the contacts of &
gwiteh, tobehereinafter described. The fisld~
coils have their terminals in binding-posts K
K, snd inay be either closed npon themselves
or connected with a source of direct current
L by meangof » switch M. Themsinorcon-
‘trolling, awitch hagfive contacts a b é d eand -
two levers f g, pivoted and connected by an 65
insulating cross-bar %, 80 as to move in paral-
lelizm, * These levers are conhected to the
tine;wires from s soarce of alternating cur-
‘rents N. . Gonta¢t @ ig-connected to brush. G
and coll B through a dead-resistance R and
wire P. -Contactb is connected with brush ¥
and il A through & self-indiction-coilSand "
wire O; -Contacta ¢ and e are connected.tq

6o

7¢

!

F.0, and contact d 8 directly connected wit 1%
brush H. The lever f has a widened end;
" which may span the contacts a'b. “When in
such position and with lever g on contact d,
the alterndtiog currents.divide between the
two motor-coils, ahd by reason of their dif-
ferent gelf-induetion ‘a difference of current-
phase 1a-obtained that starts the maotor inro-
Aation. 1In starting, as 1 have above stated, -
the fleld-coils are short-cirenited. o
' When the motcr has attained the desired
‘gpeed, the switeh if shifted.to the position
ghown iu dotted lines—that I to say, with the
levers f g resting on points ce. - Thisconuects
up the two armature-coils in geries, and the
“fnotor will then wnn ‘a3 & synchronous mdlor. go
The field-coils-are thrown into circuit with

the - direct-current ‘source when the:main
‘siritch in shifted.

What'I élaim berein as iy invention is—

*+ 1, The method of operating électro-mag- 95
nétic mofors, which consists in first progress-
1vely shifting o;-:rotatlng_tha magnetic poles

of ‘one elpment until it has reached a synch-
S$TOUS A and then alternating said poles .
‘and passing & direct eurrent through the coils 1cc

Bo

8s

of the other element, as herein'set forth.
2. The method of opersting electro- mag-



z 418,248

netic motors, which conslists in shabt~circuit- -reut and through the armature-coils alternat-
ing the coils of one element, as the feld

-Taag- | jug curreats coinciding in phase.

net,and passing throngh the enereizin -coils A
of ;.he other element, as the arma},ure. alter- | RIS NIKOLA TESLA.

5. Dating.curranis differing in phase, anf thep. | . \Vitnesses: |
"7 'When whe Niotor lias Attined a given %peed, R. J. StoNEY, U1, -
Passing through the field-coils a direct cur. E. P Corrin,

-a

i
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UNITED STATES PATENT OFFICE.

NIEOLA TESLA,. OF NEW YORK, N. Y., ASSIGNOR TO THE TESLA ELECTRIC
COMPANY, OF. SAME PLACE.

ELECTRO-MAGNETIC MOTOR.

SBPECIFICATION forming part of Letters Patent No, 424,036, dated March 25, 1890. - -
© Application filed May 20, 1880, Serial No, 311,416, {No modol

To all whom it may concern:
Beitknownthat], NTROLA TESLA, a subject
of the Emperor of Austria-Hungary, from
Smiljan, Lika, border conntry of Austria-Hun-
gary,residing at New York, in the county and
State of New York, have inveuted certain new
and useful Improvements in Electro-Magnetic

‘Motors, of which the following is a specifica-

. tion, reference being had to the drawings ae-

 {=)
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companying and formming a part of the same.

I have invented and elsewhere described
an eleetro-magnetic motor operated or adapted
to be operated by an alteroating electric car-
rent, and which is now commonly designated,
whether correctly or not, a “magneticlag”
motor. The main distinguishing features of
this motor are the following: An armatureis
mounted within the magnetizing influence of
a cortain namber of field magnets or poles of
different magnetic susceptibility—that is to
say, poles of unequal length, mass, or com-
position—and wound with coils adapted in
the operation of the motor to be connected
to a source of alternating currents. When
an alternating current is passed through the
coils of such a motor, the field magnets or
polesdonotappearto manifesttheiratiractive
effect npon the armature simultaneously, the
magnétie attraction of some appearing to lag
behind that of others, with the result of pro-
ducing a torque and -rotation of the motor.
Generally I have made such motors with
eloged armature-coils. -

I have invented another form of motor,
which, for similar reasons, may be called a
“magunetic-lag” motor; but in operation it dif-
fers from that which I have above described
in that the attractive effects or phases of the
poles, while lagging behind the phases of .car-
rent which produce them, are manifested si-
multaneonsly and not suecessively.

To earry out this invention I employ o mo-
tor embodying the principle of gonstraction
of a motor described and claimed in an ap-
plication filed by me January 8, 1889, No.
205,745, to the extent that both the armature
and field receive their magnetism from a sin-
gle energizing-coil or a plurality of coils act-
ing as one. ' :

A motor which embodies my invention,
with certain modifications thereof, is illus-
trated in the accompanying drawings.

.
Figive 1 is a side view of the motor in ele-
ration. TPig. 2 i3 a part-sectional view at
right angles to Tig. 1. Fig. 3 is an end view 53
in olevation and part section of a modiflca-
tion, and Fig. 4 is a similar view of another
modifieation.

In Figs, 1 and 2, A designates a base or
stand, and B I the supporting-frame of the 6o
mofor. DBolted teo the said supporting-frame
are two magnetic cores or pole-pleces C (Y, of
iron or soft steel. These may be subdivided
or laminated, in which casehard iron orsteel
plates or bars should be used, or they shounld 65
be wound with closed coils. D is a cirenlar
disk-armaturebuilt up of sections or plates of
iron and mounted in the frame between the
pole-pieces C C’, which latter are preferably
curved to conform to the eircular shape there- 70
of. 1 may wind this disk with a nninber of
closed coils E. T T are the main energizing-
coilg, supported in any convenient manner by
thesupporting-frame, or otherwise, butsoasto
include within their magnetizing influence 75
both the pole-pieces C C’ and the armature D.
The pole-pieces C C' project out beyond
the cotls I' ¥ on opposite sides, as indicated
in the drawings. If an alternating current
be passed through the coils I' T, votation of 8o
the arinature will be produced, and this rota-
tion I explain Ly the following appareat ac-
tion or mode of operation: An impnlse of
current in the coils F I establishes two polari-
ties in the mofor. The protruding end of 35
pole-plece C, for instance, will be of one sign,
and the corresponding end of pole-piece C’ will
be of the opposite sign. The armature also
exhibits two poles at vight angles to the coils
F T, like poles to those in the pole-pieces go
being on tho same side of the eoils. While
the current is flowing there is no appreciable
tendency to rotation developed; but after
each current impulse ceases or begins to fall
the magnetism in the armature and in the g5
ends of the pole-pleces C C' lags or continues

‘to manifest itself, which produces a yotation

of the armature by the repellent foree be-
tween the more closely approximating points
of maximum magnetie effect. This effect is 100
continued by the reversal of current, the po-
larities of field and armature being simply
reversed. One or both of the elements—-the
armature or field—may be wound with closed
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induced coils to intensify this effect, althongh
1n the drawings T have shown but one of the
fields, each element of the motor really con-
stitutes & fleld, wound with
the currents being indueced mainly in those
convolutions or coils which ave parallel to the
coils ' F. A modified form of this motor is
shown in Fig. 3. In this form G is one of two

standards that support the bearings for the-

armatureshaft. HIIarey prights or sides of
a frame, preferably maguetic, the ends C ¢
of which are bent, substantially as shown, to
conform to the shape of the armature I and
form figld-magnet Poles. The construction of
the armature may be the same as in the pre-
vious figure, or it may be simply & magnetic
disk or eylinder, as shown, and a coil or coils

F are gecured in position to surround both
the armatnre and the poles CCY. The aArma-
ture is detachable from its shaft, the latter
being passed through the armature after it
has been inserted in position. The operation
of this form of motor is the same in principle
a8 that previously deseribed and needs no
further explanation.

One of the most important features in alter-
nating-current motors is that they should be
adapted to and capable of ronning efficient] ¥
in the alternating systems in present use, in
which almost without exception the gener-
ators yield a very high number of alterna-
tions.  Such a motor T have designed by a de-
velopment of the prineiple of the motor
shown in Fig. 3, making a multipolar motor,
which is illustrated in Tig. 4. In the con-
struction of this motor I employ an annalar
mmagnetic framme J, with inwardly-extending
ribs or projections K, the ends of which all
bend or tnrn in one direction- and arve gen-
erally shaped to conform to the eurved sur-
face of the armatare. Coils T I¥ are wound
from one part K to the one next adjacent,
the ends or loops of each eoil or group of
wires being carried over toward the shaft,
S0 as to form UJ-shaped groups of convolu-
tions at each end of the armature, The pole-
pieces C C/, heing substantially concentric
with the armature, form ledges, along which
the coils are laid and should project to
some extent beyond the coils, as shown, The
cylindrical or dram armature D is of the same
constraction as in the other motors described,
and is mounted to rotate within the annnlay
frame J and between the U-shaped ends or
bendsof thecoils . Thecoilg I are conneetod
in multiple orin series with g source of alter-
nating enrrenis, and are so wound that with g

- cwrrent or eurrent impulse of given direction

bo

65

they will make the alternate pole-pieces C of
one polarity and the other pole-pieces ¢ of
the opposite polarity. The principle of the
operation of this motor is the same as the other
herein deseribed, for, considering any two
pole-pieces C ', a curront impulse passing
in the coil which bridges them or is wound
overboth tendsto establish polarities in their

the closed coils,

ends of opposite sign and to set up in the
armature-cora between them a polarity of the
same sign as that of the nearest hole-piece C.
Upon the fall or cessation of the current im-
pulse that established these polarities the
magnetism which lags Lehind the enrrent
phase, and which continues to manifest itself
in the polar projections C ¢’ and the arma.
turs, prodnees by repulsion a rotation of the
armature. The effect is contfnued hy each
reversal of the current. What ocecnrs in
the case of one pair of pole-pieces ocemrs si-
multaneously in all, so that the tendency to
rotation of the armature is measured by the
suin of all the forces exerted by the pole-
pieces, as above described. In this motor
also the magnetic lag or effect is intensified
by winding one or both cores with closed in-
duced coils. The
thus wound, When elosed coils are nsed, tho
cores should be laminated.

1t is evident that a puisafory as weli as an
alternating current; might be used to driveor
operate the motors herein deseribed; but I
prefer to use alternating currents,

It will be understood that the degree of
subdivision, the massof theiron in the eores,
their size, and the number of alternations in
the eunrrent employed to run the motor must
be taken into constderation in order to prop-
crly construet this motor. In other words, in
all such motors the proper relations between

the number of alternations and the ass,

size, or quality of the iron must be preserved
in order to secure the best resulis. These
are matters, however, that ave well under-
stoad by those skilled in the art.

What I claim is—

1. Inanalternating-curront motor, the com-
bination, with the armatuve and field-cores,
of stationary energizing-coils enveloping the
said coves and ndapted to produce polarities
or poles in both, the field-cores extending out
from the coils and constructed so as to ex-
hibit the magnetic effect imparted to them
after the fall or cessation of eunrrent impulse
producing such effect, as set forth. ,

2. Inan alternating-ourrent motor, the com-
bination, with an
configuration, of p supporting-frame, field-
cores extending therefrom over portions of
the periphery of the armature, and energiz-

armature-core is shown as .

armature-core circular in -

ing-coils surronndingsaid armatore and parts

of the field-cores, as set forih,

8. The combination, with the rotatably- .

mounted armatire, of the cireular frame J,
the ribs KX, with polar extonsions extending
over portions of the armature, and the encr-

gizing-coils F, wonnd over portionsof the pole- :
Dieces and carried in loops over the ends of

the armature, as herein set forth,
NIKOLA TESLA.
Witnesses:

R. J. SToNEY, Jr.,
E. P. Corrrx,
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"UNITED STATES

PatenT Orrice.

NIKOLA TESLA, OF NEW YORK, N. Y, ASSIGNOR OF ONE-HALF TO CHARLES
| F. PECK, OF ENGLEWOOD, NEW JERSEY, :

PYROMAGNETO-ELECTRIC GENERATOR. .

SPECIFICATION forming part of Letters Patent No. 428,057, dated May 18,1890,

Original application léd May 26, 1887, Bérial No,239,481, Divided and thiwapplication filed May 26, 1880, Serial No, 312,089
: ‘ , © (o model) - . .

To all wivom it may concern: T
Be it known that I, NIkoLA TRSLA, a sub-
ject of the Emperor of Austria-Hungary, from
Smiljan, Lika, bordgr country of Austria-Hun-

5 gary, residing at New York, in the county and
State of New York, haveinvented certain new
and useful Improvements in Electrical Geriera-

tors, of which the following is a specification,"
This application is a division of an applica-.

1o tion filed by me May 26,1887,Serial No. 239,481,

This invention is an improved form of

electrical generator based upon the following

well-known laws: First, that -electricity or-

electrical energy is developed in any conduet-
15 ing-body by sdbjecting such body to a vary-

ing magnetic influence, and, second, that the

magnetic properties of iron or other magnetic
substance ‘may: be partially or entirely de-

‘stroyed or caused to disappear by rajsing it .

20 to a certain temperature, but restored and
caused to reappear by again lowering its tem-

- peraturetoa.certaindegree. Theselaws may
be applied inthe production of electrical cur-

rents in many ways, the principle of which is.
25 In all cases the same—rviz., to subject a con-
ductor to a varying magnetic influenee, pro-

ducing such variations by the application of
heat, or, more strietly Speaking, by the appli-
-cation or activn of a varying temperature
30 upon the source of themagnetism. This prin-
ciple of operation may beillustrated by a sim-
ple experiment : Place end to. end, and pref-
erably in actual contact, a permanently-mag-
netized steel bar and a strip or bar of soft
35 iron.  Around the endof. the iromn bar or plate

- wind-acoil of insulated wire; - Then apply to-

the iron between the coil.and the steel bar g
flame or- other source of heat which will be
capable of raising that portion of the iron to
40 anorange-red, or & temperature of about 600°
centigrade. 'When this condition is reached,
the ironsomewhatsuddenly loses its magnetic
properties, if it be very thin, and the same
effects produced as though the iron had been
45 moved away from the magnet or the heated
-*- section had been removed, This ‘change. of

condition, however, isaccompanied by ashift-

ing of themagneticlines, or, in'other wor_ds,‘by
a variation in the maguetic influence to which

the coil is exposed, and a current in the coil
is the result. ‘Then remove the flame or in
any other way reduce the temperature of the

iron. The lowering of its temperature is ac-

companied by a return of its magnetic prop-

erties, and another change of magnetic con-

ditions oecurs, accompanied by a current in

an opposite direction in the coil. The same

operation may be repeated indefinitely, the
efféct upon the .coil being similar to that
which would follow from ‘moving the magnet:
ized bar to and from the end of the iron bar
or plate.. e

. The device forming the subject of my pres-
ert invention is- an improved means of ob-
taining this result, the features of novelty in
which theinventionresides being, first,theem-

Ployment of an artificial eooling device, and,

.second, inclosing the source of heat and that
portion of the magnetic circuit exposed to the
‘heat ‘and artificially cooling the,said heated
part. These improvements are applicable
generally to the generators constructed on the
plan above described—that is to say, I may
use an artificial cooling device in conjunction
with .a variable or varied or uniform source

of heat. I prefer, however, to employ a uni-

form heat.

: In the drawingsI have illustrated a devieo

constructed in accordance with Ty invention,
Figure. 1 is a central vertical longitudinal

section of the complete apparatus. Fig, 2 is
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a eross-section of the magnetic armature-core *

of the generator.

" . Let A represent 2 magnetized éoi'e or per- .

manent magnet the polesof which are bridged
by an armature-core composed of a casing or
 shell ‘B inclosing a number of ‘hollow iron
‘tubes C. Around this core are wound the
‘eonductors E " E/, to form the coils in which
‘the currents are developed. ' In the circuits
of these coils are translating devices, as F-1,
D is a furnace or closed fire-box, through
which the central portion of the ‘core B ex.
tends. 'Above the fire is a boiler K, contain-

ing water. Theflue L from the fire-box may

-extend up through the boiler, .-
G isa water-supply pipe,and His the steam-

exhaust pipe, which communicates with all

8g.

9%




&

the tubes C in the armature B, so that steam

- eseaping from the boiler will pass through

0

15

said tubes. o

In the steam-exhiaust pipe H is a valve v,
to which is connected thelever I, by the move-
ment of which the said valve is opened or
closed. In such acase as this the heat of the.
fire may be utilized for other purposes sfter

plied to heating the coré B. There are spe-

cial advantages in the employment of a.cool:

ing device, in that the metal of the core B is
not so quickly oxidized. Moreover, the dif-
ference between the temperature of theap-
plied heat and of the steam, air, or whatever.
gas or fluid be applied as the'eooling médinm,
may be increased or decreased at will, where-

by the rapidity of the magnetic changes or

20

. the application of

25

fiuctuations may be regulated.

In so far as my present ifivention, broadly, |

is concerned, the specific construction of the:
apparatus is largely immaterial.
however, clajim in this- application, broadly,
a variable heat to vary the
conditions of a field of -foree in-
o induced conductor is.contgined.

maguetic
whieh

.1 donot, |

428,087

‘What I claim is—

1. 'In an electrical generator, the combina-
tion, with a magnetized core or body and a
conductor within the field of force produced 30
thereby, of an inclosed source of heat applied
to a portion of said_core, and an artificial
cooling device for reducing -the temperature

‘of the heated portionthereof, as set forth.
as much of it as may be needed Has been ap- |-

9. Theeombination, with a magnetized core 35
vt -body and-a conductor under the icfluence
thereof, of an inclosed source of heat applied
to a portion of said core, means for bringing
a cooling gas or fluid in dontact with the
hedted portion of the core, and means forcon- 40

‘trolling the admission of the same.

3. Thecombination, witha magnetized core
containing es Or channels, and coils
wound thereon, of means for applying heatto
a portion of the core, and a connection with 45
a boiler for admitting steam into_the chan-
pels, as set forth. ' ‘

- NIKOLA. TESLA.

Witnesses:
R. J. STONEY,
E. P.-COFFIN.

Ir,
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UNITED STATES

‘PaTeENT OFFICE.

NIKOLA TESLA, OF NEW YORK, N. Y., ASSIGNOR T0O TUE TESLA ELECTRIC
COMPANY, OF SAME PLACE.

ALTERNATING-CURRENT ELECTRO-MAGNETIC MOTOR.

SPECIFICATION forming part of Letters Patent No. 433,700, dated August 5, 1800,
Application filed March 26, 1800, Serial No, 345,388, (No medel.)

To all who:n it may concern:

Be it known that I, NIxoLA TusLa, a sub-
Jject of the Emperor of Austria-Hungary, from
Smiljan, Lika, border country of Austria-
Hungary,vesiding at New York, in the coun ty
and State of New York, have invented certain
new and useful Immprovementsin Alternatin g-
Current Electro-Magnetic Motors, of which
thefollowingisaspecifieation, referencobeing
had to the drawings accompanying and form-
ing a part ot the same.

This invention is an improvement in that
class of electro-magnetic motors in whieh the
rotation is produced by the progressive move-
ment or effect of the maximum magnetic
points or poles produced by the conjoint ac-
tion or effect of two energizing - circuits
through which are passed alternating cur-

- remts, or eurr¢ ats of rapidly-varying strength
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of a kindred nature,

“The improvements subject of this applica-
tion are mor: narticularly applicable to that
class of motc  in which two or more sets of
energizing-n.. .nets are employed, and in
which by artiiicial means a certain interval
of time ismadeto elapse between the respect-
ive maximum or minimum periods or phases
of their magr .tic attraction or effeet. This
interval or difference in phase between the
two sets of magnets, when artificially pro-
duced, is limited in extent. It is desirable,
however, for the economieal working of such
motors that the strength or attraction of one
set of magnets should be wmaximum at the
time when that of the other set is minimum
and conversely; but these conditions have not
heretofore been realized exceptin cases whera
the two currents have been obtained fromin-
dependent sources in the same or different
machines,

The object of the present invention is to
establish conditions morenearly approaching
the theoretica’ requirements of perfect work-
ing, or, in othr. " words, to produce artificially
a difference of magnetic phase by means of
a current froi- .« single primary source suffi-
cient in exten 0 meet the requirements of
practical and «conomical working.

In earrying cut my invention I employ a
motor with {w¢ sets of energizing or field

magnets, each wound with eoils connected
with a souree of alternating or rapidly-vary-
ing currents, but forming two separate pathg
or circuits. The magnets of one set I pro-
tect to a eertain extent from the energizing s
action of the current by means of a maguetic
shield or sereen interposed between the mag-
net and its energizing-coil. . This shield iz
properly adapted to theconditions of particn-
Iar cases, so as to shield or protect the main 6o
core from magnetization until it has beecome
itself satarated and no longer capable of con-
taining all the lines of force produced by the
current. DBy this neans it will be seen that
the energizing action begins in the protected 65
set of magnets a certain arbitrarily-deter-
mined period of time later than in the other,
and that by this means alone or in conjunc-
tion with other means or devices heretofore
employed a practically-economieal difference 7o
of magnetic phase may readily be secured,

The nature and operation of the invention
will he more fully explained by reference to
the-accompanying drawings.

Figure 1 is & view of a motor, partly in sec- 75
tion, with a diagram illustrating lhe inven-
tion. Trig. 21is a similar view of a modifica-
Lion of the same. o

In Fig. 1, which exhibits the simplest form
of the invention, A A is the field-magnet of 5, 8
motor, having, say, eight poles or inwardly-
projecting cores B and C.  The cores B fortn
oneset of magnelsand are energized by coils
D. The cores C, forming the other set, are
energized by coils E, aud the coils are con- 85
nected, preferably, in series with one another,
in two derived or branched ecirenits F @, re-
spectively, from a suitable source of current.
Each coll E is surrounded by a magnetic
shield I, which is preferably composed of an go
anpealed, insulated, or oxidized iron wire
wrappéed orwoundon the coils in the manner
indicated, so as to form a closed magnetie
cireuitaround the coilsand between the same
and the magretic coresC.  Between the pole g
pieces or cores B C is mounted the armature
K, which, asisusual in this type of machines,
is wound with coils L elosed upon themselves.
The operation resulting from this disposition

is as follows: I a current impulse be di- 100
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rected through the two circuiis of the motor,
it will quickly energize thoe cores B, but not
so the cores C, for the reason that in passing
through the coils E there is encountered the
influence of the. cloved magnetic cireuits
formed by the shields 1. The first effect is
to effectively retard the current impulse in
eircuit &, while at the same time the propor-
tion of current which does pass does not mag-
notize the cores G, which are shielded or
screenad bytheshields H. Astheincreasing
electro-motive force then urges more current
through the coils E, the iron wire H becomes
magnetically saturated and incapable of car-
rying all the lines of force, and hence ceases
to protect the cores C, which become mag-
netized, developing their maximum effect
after.an interval of time subsequent Lo the
similar manifestation of strength in the other
set of magneats, the extent of which is arbi-

- trarily determined Ly the thickness of the

25

30

shield H, and other well-understood condi-

tions.
From the above it will be seen that the ap-
paratus or device acts in two ways. Tirst, by

yetarding the current, and, second, by retard-

ing the magnetization of one set of the cores,
from which its effectiveness will readily ap-
peat.

Many modifications of the principleof this
invention are possible. One useful and effi-

" cient application of the invention is shown in

35

Fig. 2. In said figure a motor is shown simi-
larin all respects to that above deseribed, ex-
cept that the iron wire H, which is wrapped
around the coils E, i in this case connected

in series with the coils D. The iron-wire |

coils II, are connected and wound, s0 as to
Lave little or no self-induction, and being

40 added to the resistance of the eirenit I the

"action of the e.u-rrent in that eircnit will be

accelerated,while in theothereireuit G itwill
be retarded. The shield H may be made in
many forms, as will be understood, and used
in different ways, as appears from the forego-
ing description. I do not, however,limit my-
gelf to any specific form or arrangement; buot

What I claim is—

1. In an alternating-corrept motor having
two energizing-eireuits, the combination,with
the magnetic cores and coils of oneof the cir-
euits, of interposed magnetic shields orsereens
forretarding the magnetization of said cores,
as sot forth.

2. In an alternating-current motor having
two energizing-cireuits, the combination,with

the magnetic cores and the coils of one of the-

girenits wound thereon, of magnetic shields
or coils wonnd arcund said coils at right an-
gles to their convolutions, as set forth.

3. In an alternating-current motor having
two energizing-cireuits, the combination,with
the magnetic cores and the coils of one of the
cirenits which enorgize the said cores, of mag-
netic shields forming elosed magneticcircuits
around the coils and interposed between the
coils and cores, as seb forth.

4. In anp alternating-current motor having
two energizing-circuits derived from the same
source, the combination,with the cores and the
coils of one of the eircuits that energizes the

-“same, of ingulated iron-wire coils wound on

the said energizing-coils at right angles to
their couvolutions and connected up in series
with the coils of the other energizing-eireuit,
as set forth.

NIKOLA TESLA. .

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

NIKOL

PaTENT OFFICE.

) TESLA, OF NEW YORK, N. Y., ASSIGNOR TO THE TESLA ELECTRIC
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ALTERNATING-CURRENT MOTOR.

SPECIFICATION forming part of Letters Patent No. 433,701, dated August 5, 1890,
Application filed Marck 26, 1890, Serial No. 345,380, (No model)

To all whom it may concern:
Be it known that I, N1kora TESLA, a sub-

ject of the Emperor of Austria-Hungary, from |

Smiljan, Lika, border country of Austria-
Hangary, residing at New York, in the county
and State of New York, have invented cortain
new and useful Improvementsin Alternating-
Current Motors, of which the following is a
specification, reference being had to the draw-
ings accompanying and forming a part of the
same.

This invention relates to that class of alter-
nating-cu :nt motors in which the field-mag-
nets are ¢ rgized by-coils connected up in
two circu s derived from the same source
and having different degrees of self-indue-
tion, whercky the currents in one circnit or
branch are retarded more than in the other,
with the rrsult of producing a progressive
advance o: rotation of the points of maxi-
mum magurctic effect in the field that main-
tains the armature in rotation. In motors of
this kind I have employed, among other
means, a self-induetion coil in one cirenit and
a dead-resistance in the other, or I have se-
cured the same resalt by the special ¢harac-
ter of the winding of the two circuits, and in
still another instance I have so constructed
the motor that the retarded-current coils were
nearly inclosed by iron, whereby the self-in-

duction of :ueh coils was very greatly in-
creased. _
Theinve n subject of this application is

an improve. .at on this last-named plan.

In carryiu,, out the invention I construct
a field-magn«t having two sets of poles orin-
wardly-proj.cting cores and placed side by
side, so as jiractically to form two fields of
force and alternately disposed—that is to
say, with the poles of oneset or field opposite
the spaces between the other. I then con-
nect the free ends of one set of poles by means
of laminated-iron bands or bridge-pieces of
considerably smaller cross-section than the
cores themselves, whereby the cores will all
form parts of complete maguetic circuits.
When the co’ls on each set of magnets are
connected in multiple circuits or branches
from a source of alternating currents, electro-
motive fore« -resetup in or impressed upon
each circuit 1ultaneously; but the coils on

the magnetically bridged or shunted cores
will have, by reason of the closed magnetic
circuits, a high self-induction, which retards
the current, permitting at the beginning of
each impulse but little current to pass. On
the other hand, no such opposition being en-
countered in the other set of coils, the cur-
rent passes freely through them, magnetizing
the poles on which they are wound. As soon,
however, as the laminated bridges become
saturated and incapable of carrying all the
lines of force, which the rising electro-motive
force, and consequently increased current,
produce, free poles are developed at the ends
of the cores, which, acting in conjunection with
the others, produce rotation of the armature.

The construction in detail by which this
inventionis illnstrated is shown in the accom-
panying drawings.

Tigurel isa view in side elevation of a mo-
tor embodying the invention,
tical cross-section of the same.

A isthe frame of the motor, which is prefer-
ably built up of sheets of iron punched out
to the desired shapeand bolted together with
insulation of a proper character between the
sheets. When complete, the frame makes &
field-magnet with inwardly-projecting pole-
pieces B and C. To adapt them to the re-
quirements of this particular case these pole-
Dieces are out of line with one another, those
marked B surrounding one end of the arma-
ture and the others, as C, the opposite end,
and they are disposed alternately—thatis to
say, the pole-pieces of one set.occur in line
with thespaces between those of the other sets.

The armature D is of cylindrical form, and
is also laminated in the usual way and is
wound longitudinally with coils closed upon
themselves. Thepole-pieces C areconnected
or shunted by bridge-pieces E. . These may
be made independently and attached to the
pole-pieces, or they may be parts of the forms
or blanks stamped or punched out of sheet-
iron. Their size or mass is determined by
various conditions, such as the strength of
the current to be employed, the mass or size
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of the cores to which they are appplied, and

other well-understood conditions.
Coils I surround the pole-pieces B, and
other coils G are wound on the pole-pieces C.

- 100
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These coils aré connécted in series in two
cireuits, which are braches of a circuit from a
generator of alternating currents, and they
may be so wound, or the respective circunits
in which they areincluded maybeso arranged,
that the cirenit of eoils G will have inde-
pendently of the particular construction here-
in described a higher self-induction thanthe
other eircuit or branch.

The function of the shunts or bridges E is
that they shall form with the cores C aclosed
magnetic circuit for a current up to a prede-
termined strength,so that when saturated by
such current and unable to carry more lines
of force than such a current produces they
will to no further appreciable extent inter-
fere with the development by a stronger cur-

- rent of free magnetic poles at the ends of the

cores C.

In such a motor the current is so retarded
in the coils G and the manifestation of the
free magnetism in the poles C is delayed be-
yond the period of maximum magnetic effect
in poles B that a strong torque is produced
and the motor operates with approximately
the power developed in a motor of this kind
energized by independently-generated cur-
rents differing by a full-quarter phase.

WhatI claim in this application is—

1. In an alternating-current motor having-

two sets or series of pole-pieces, the combi-
nation, withone of such sets or series, of mag-

438,701

netic shunts or bridges connecting their free
ends, as herein set forth. :

2. In an alternating-current motor having 35

two sets or series of pole-pieces energized by
coils in independent circuits from the same
source, the combination, with one of the sets
or series of pole-pieces, of magnetic shunts or
bridges connecting their free ends, as de-
seribed.

3. In an alternating-current motor having
a laminated or subdivided field-magnet pro-
vided with two sets or series of cores or pole-
pieces, the combination, with sttch pole-pieces,
of energizing-coils connected, respectively, in
two circuits derived from the same source of
alternating currents and laminated or sub-
divided ironshuntsor bridges of smaller cross-
section than the pole-pieces and joining the
free ends of all the cores orpole-piecesof one
set to form closed magnpetic cireuits, as set
forth. .

4. Tn analternating-currentnotor, the com-
bination, with a set or series of field-poles
and énergizing-coils wound thereon, of an in-
termediate set of pole-piecesforming portions
of closed magnetic circuits and coils thercon
in a eircuit derived from the same source of
alternating currents as the other, as set forth.

NIKOLA TESLA.

Witnesses:

RoBT. I'. GAYLORD,
PARKER W. PAGE.
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ELECTRICAL TRANSFORMER OR INDUCTION DEVICE.
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Zo all whom it may concern:

Be it known that I, N1koLA TESLA, a sub-
Ject of the Emperor of Austria-Ilungary, from
Smiljan, Lika, border country of Austria-
Hungary, residin gat New York, in the county
and State of New York, have invented certain
new and useful Improvements in Electrical
Transformers or Induction Devices, of which
the following is a specification, reference be-
ing had to the drawings aceompanying and
forming a part of the same, ' ‘

This invention is an improvement in elee-

trical transformers or converters, and has for .
1ts main objects the provision of means for se-

curing, first, a phase difference between the
primary and secondary currents adapted to
the operation of my alternating-current mo-
tors and other like purposes, and, second, a
constant current for all loads imposed upon
the secondary. :

In transformers as constructed now and
heretofore it will be found that the electro-
motive force of the secondary very nearly co-
incides with that of the primary, being, how-
ever, of opposite sign. At the same time the
currents, both primary and secondary, lag be-
hind their respective electro-motive forces;

‘but as this lag is practically or nearly the

same in the case of each it follows: that the
maxinum and minimum of the primary and
secondary currents will nearly coincide, but
differ in sign or direction, provided the sec-
ondary be not loaded or if it contain devices
having the property of self-induction. On
the other hand, the Iag of the primary behind
the impressed electro-motive force may be di-
minished by loading the secondary with'a non-
inductive or dead resistance—such as incan-
descent lamps—whereby the time interval be-
tween the maximum or the minimum periods
of the primary and secondary currents is in-
creased. This time interval, however, is lim-
ited, and the results obtained by phase dif-
ference in the operation of such devices as
my alternating-current motors can only be
approximately realized by such means of pro-
ducing or securing this difference, as above
indicated, for it is desirablein such cases that
there should exist between the primary and
secondary currents, or those which, however

produced, pass through the two circuits of the
motor, a difference of phase of ninety de-
grees; or, in other words, the current in one
cireunit should be maximum when that in the
other cirenjt is minimum. o more perfectly 55
attain to this condition I obtain or securean
inereased retardation of the secondary cur-
rentin the following manner: Instead of bring-
ing the primary and secondary coils or eir-
cuits of a transformer into the closest possi- Go
ble relations, as has hitherto been done, I pro-
tect in a measure the secondary from the in-
ductive action or effect of the primary by sur-
rounding either the primary or the secondary
with a comparatively-thin magnetic shield or 65
screen. “Under these conditions or circum-
stances, as long as the primary current hasa
small value, the shield protects the secondary;
but as soon as the primary current has reached
a certain strength, which is arbitrarily deter- 70
mined, theprotectingmagneticshield becomes.
saturated and the inductive action upon the
secondary begins. Itresults, therefore,thatthe
secondary current begins to flow at a certain
fractionof a period later than 1t would without - 75
the interposed shield, and since this retarda-
tion may be obtained without necessarily. re-
tarding the primary current also, an addi-
tional lag is secured, and the time interval be-
tween the maximum or minimum periods of 8o
the primary and secondary currents is in-
creased. I have further discovered thatsuch
a transformer may, by properly proportion-
ing its several elements and determining in
amanner well understood the proper relations 85
between the primary and secondary windings,
the thickness of the magnetic shield, and other
conditions, be constructed to vield a constant
current at all loads. No precise rules can be
given for the specific construction and pro- go
portions for securing the best results, as this
is a matter determined by experiment and
calenlation in particular cases; but the gen-
eral plan of construction which I have de-

‘scribed will be found- under all conditions to 05

conduce to the attainment of this result,
- In the accompanying drawings I haveillug-
trated the construction above set forth.
Tigure 1 is a cross-section of a transformer
embodying my improvewent. Fig.2isasimi- 100
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lar view of a modified forim of transformer,
showing diagrammatically the manner of
using the same.

A A is the main core of the transformer,
composed of a ring of soft annealed and insu-
lated or oxidized iron wire. Upon this core
is wound the secondary circuit or coil B B.
This latter is then covered with a layer or
layers of annealed and insulated iron wires
C C, wound in a direction at right angles to
said secondary coil. Over the whole is then

wound the primary coil or wire D D. From

the nature of this construction it will soon
be obvious that as long as the shield formed

by the wires C is below magnetic saturation:

the secondary coil or circuit is effectually pro-
tected or shielded from the inductive influ-
ence of the primary, although I would state
that on open circuit it may exhibit someelec-
tro-motive force. WWhen the strength of the
primary reaches a certain value, theshield C,
becoming saturated, ceases to protect the sec-
ondary from inductive action, and current is
in consequence developed therein. Forsimi-
lar reasons, when the primary current weak-
ens, the weakening of the secondary is re-
tarded to thesame or approximately the same
cxtent. .

Thespecific construction of the transformer
is largely immaterial. In Fig. 2, for exam-
ple, the core A is built up of thin insulated
ivon plates or disks. The primary eireuit D
is wound next the core A. Over this is ap-
plied the shield C, which in this case is made
up of thin strips or plates of iron properly
insulated and surrounding the primary, form-
ing a closed magnetic circuit. The secon-
dary B is wound over the shield C. In Fig.
2, also, E is a sounrce of alternating or rapidly
changing currents. The primaryof the trans-
former is connected with the circuit of the
generator.

J is a two-circunit alternating-current mo-

tor, one of the circuits being connected with
the main cireuit from the sounrce E, and the
other being supplied with currents from the
secondary of the transformer. .

Having now described my invention, what
I claim is—

1. In an electrical transformeror induction
device, the combination, with the main mag-
netic core and the primary and secondary
coils or circuits, of a magnetic shield or screen
interposed between said coils, as herein set
forth. - _

2. In an electrical transformer or inductive
device, the combination, with the magnetic
core and the primary and secondary coils or
circuits, of a magnetic shield or screen sur-
rounding one of said coils only, as set forth.

3. In an electrical transformer or induction
device, the combination, with the magnetic
core and the primary and secondary coils
wound thereon,of a magnetic shield or screen
wound on or byilt up around one only of said
coils, as described. .

4. Tn an electrical transformer or indunetion
device, the combination, with a main lami-
nated magnetic core and primary and second-
ary coils thereon, of a -subdivided or lami-
nated magnetic shield or screen interposed
between the coils, as set forth.

5. In an electrieal transformer, the combi-
nation, with a magnetic core and primary
and secondary coils wound thereon, of a mag-
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netic shield or screen interposed between .

said coils and surrounding one of them and

adapted to be or capable of being magnetic-
ally saturated by a predetermined current

strength below the maximum in the primary, 8o

as set forth.
NIKOLA TESLA.
- Witnesses:

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

NIKOLA TESLA, OF NEW YORK, N. Y., ASSIGNOR T0 THE TESLA ELECTRIC
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ELECTRO-MAGNETIC MOTOR. P

EFECTIFICATION forming part of Letters Patent No. 483,703, dated August 5, 1890.
’ Application filed April 4,1890, Serial No, 346,603, (No model.)

To all whom it may coneern: :
Be it known that I, NIkoLA TESLA, & sub-
Ject of the Emperor of Austria-Huangary, from
- Smiljan, Lika, border country of Austria-
5 Hungary, residing at New York, in the county
‘and State of New York, have invented certain
newand useful Improvementsin Electro-Mag-
netic Motors, of which the followingis aspecifi-
cation, reference being had to the drawings ac-
10 companying and forming a part of the same.
Thisinvention is animprovement in alter-
nating-current motors, and has for its general
object to produce a sin gle-cirenit alternating-
current torque-motor of economical and sim-
15 ple construction.

The nacure of the invention will be under-

stood from the following statement.
Itis wellknown thatif a magnetic core, even
if laminated or subdivided, be wound with an
20 insulated coil and a current of electricity di-
rected through the coil the magnetization of
the entire core does not immediately ensue,
the magnetizing effect not being exhibited in
all parts simultaneously. This I attributeto
25 the fact that the action of the current is to
energize fivst those laminz or parts of the

core mea the surface and adjacent to the
exciting- - and from thence the action pro-
gresses ti-  .rd the interior. A certain inter-

30 val of tiw.e therefore elapses between the
manifestaticn of magnetism in the external
and the in:~rnal sectionsor layers of the core.
If the corc e thin or of small mass, this effect
may be i: ppreciable; but in the case of a

35 thick cor. Lreven of a comparatively thin
one, if the umber of alternation or rate of
change o! the current strength be very
great the time interval occurring between the
anifestations of magnetism in the interior

40 of the core and in those parts adjacent to the
coil is more marked, and in the construction

- of such apparatus as motors which are de-
signed to be run by alternatingor equivalent
currents—sveh as pulsating or undulating

45 currents g rally—I have found it desirable
and even 1. essaryto give due consideration
to this phe¢ ‘menon and to make special pro-
visions in  ‘ter to obviate its consequences.
The speciti bject of my present invention is

50 totake advintage of thisaction or effect, and

by rendering it more pronounced to utilize it
in the operation of motors in general. This
objectI attain by constructing a field-magnet
in which the parts of the core or cores that
exhibit at different intervals of timethe mag-
netic effect imparted to them by alternating
or equivalent currents in an energizing coil
or coils are so placed with relation’to a rotat-
ing armature as to exert thereon their attract-
ive effect successively in the order of -their
magunetization. By this means I ‘secure a
similar result to that which I have heretofore
attained in other forms or types of motor in
which by means of one or more alternating
currents I have produced a rotation or pro-.
gression of the magnetic poles or points of
maximum attraction of the field of force.

In the drawingsIhaveshown asimple form
of motor, which will serve to demonstrate the .
principle of the mode of operation, which I 70
have above described in general terms,

Figure 1 is a side elevation of such motor.
Fig. 2 is a side elevation of a more practica-
ble and efficient embodiment of the inven-
tion. Fig. 3 is a central vertical section of
the same in the plane of the axis of rotation.
. Referring to Fig. 1, let X represent alarge
iron core, which may be composed of a num-
ber of sheets or lamin® of soft iron or steel.
Surrounding this core is a coil Y, which is
connected with a source E of rapidly-varying
currents. Let us consider now the magnetic
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.conditions existing in this core at any point,

as b, at or near the center, and any other - -
point, as a, nearer the surface. When a cur- 8s
rent-impulse -is started in the magnetizing-
coil Y, the section or part at a, being close to
the coil, is immediately energized, while the
section or part at b, which, to use a conven-
ient expression, is “protected ” by the inter-
vening sections or layers between a and b,
does not at onceexhibititsmagnetism. How.
ever, as the magnetization of o increases, b
becomes also affected, reaching finally its
maximum strength some time later than Q.
Upon the weakening of the current the mag-
netization of a first diminishes, while b still
exhibits its maximum strength; but the con- -
tinued weakening of ¢ is attended by a sub-
sequent weakening of b. Assuming the cur- 1oo
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rent to be an alternating one, a will now be
reversed, while bstill continues of the first-im-
parted polarity. This action continues the

magnetic condition of b, following that of ain

the manner above described, If an arma-
ture—for instance, a simple disk F, mounted
to rotate freely on an axis—be brought into
proximity to the core, a movement of rota-
tion will be imparted to the disk, the direc-
tion depending upon its position relatively to

the core, the tendency being to turn the por-’

tion of the disk nearest to the core from a to
b, as indicated in Fig. 1. This action or prin-
ciple of operation I have embodied in a prac-
ticable form of motor, which is illustrated in
Fig. 2. Let A in said figure represent a cir-

cular frame of iron, from diametrically-oppo--

site points of the interior of which the cores
project. Eachcoreiscomposed of three main
parts B, B, and C, and they are similarly
formed with a straight portion or body e
around which the energizing-coil is wound, a

curved arm or extension ¢, and an inwardly-
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projecting pole or end d. Each core is made
up of two parts B B, with their polar exten-
sions reaching in one direction and a part C
between the other two and with its polar ex-
tension reaching in the opposite direction.
In order to lessen in the cores the circulation

of currents induced therein, the several see-.

tions are insunlated from one another in the
manner usually followed insuch cases. These
cores are wound with coils D, whieh are con-
nected in the same cireuit, either in parallel
or series,and supplied with an alternating or
a pulsating current, preferably the former, by
a generator E, represented diagrammatically.
Between the cores or their polar extensions is
mounted a cylindrical or similar armature
T, wound with magnetizing-coils G, that are
closed upon themselves, as is usual in motors
of this general class.

The operation of this motor is as follows:

.When a current impulse or alternation is di-

rected through the coils D, the sections.B B
of the cores, beingon the surface and iu close
proximity to the coils, are immediately ener-
gized. The sections C,onthe other hand, are
protected from the magunetizing influence of
the coil by the interposed layers of iron B B.
As the magnetism of B B increases, however,
the sections C are also energized; bat they do
not actain their maximum strength until a
certain time subsequent to the exhibition by
the sections B B ot their maximum. Upon
the weakening of the current the magnetic
strength of B B first diminishes, while the
sections C have still their maximum strength;
but as B B continue to weaken the interior

sections are similarly weakened. B B may
then begin to exhibit an opposite polarity,
which is followed later by a similar change
on C, and this action continunes. B B and C
may therefore be considered asseparatefield-
magnets, being extended so as to act on the
armature in the most efficient positions, and
the effect is similar to thatin my other forms
of motor—viz., a rotation or progression of
the maximum points of the field of force. Any
armatpre—such, for instance, as a disk—
mounted in this field would rotate from the

‘pole first to exhibit its magnetism to that

which exhibits it later.

- It is evident that the principle herein de-
scribed may be carried ouf in.conjunction
with other means, such as I have elsewhere
set forth, for securing a more favorable or
efficient action of the motor. TFor example,

the polar extensions of the sections C may be-

wound or surrounded by closed coils L, asin-
dicated by dotted lines in Fig.2. The effect
of these coils will be to still more effectively
retard the magnetization of the polar exten-
sions of C. .

I do not wish to be understood as limiting
myself to any particular construction of this
form of motor,as the same principle of action
or operation may be carrvied out in a great
variety of forms. :

What I claim is— :

1. In an alternating -eurrent motor, the
combination, with an energizing-coil and a
core composed of two parts, one protected
from magnetization by the other interposed
between it and the coil, of an armature
mounted with the influence of the fields of
foree produced by said parts, as set forth.

2. The combination, in an alternating-cur-
rent motor, of a rotating armature, a field-
magnet composed of a coil and a core with

two sections in proximity to the coil and an
inner seetion between the same, the sections .

being formed or provided with polar projec-
tions extending in opposite directions over or
around the armature, as set forth.

3. The eombination, in an alternating-cur-

-rent motor, of a rotating armature, a frame

and field-magnets thereon, each composed of
an energizing-coil wound around a core made
up of outer and inner or protected magnetic
sections, each of which is formed or provided

with independent laterally-extended pole.

pieces or projections, as herein described.

NIKOLA TESLA.
Witnesses:
ROBT. . GAYLORD,
PARKER W. PAGE.
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UNITED STATES

PaTENT OFFICE.

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

ASSIGNOR TO THE TESLA ELECTRIC

COMPANY, OF SAME PLACE.

ELECTRO-MAGNETIC MOTOR. -

SPECIFICATION forming part of Lgtteri Patent No. 445,207, dated January 27, 1891,
Application filed May 20, 1889, Borfal o, 311,417, (No model.)

To all whom i may concern: '
- Be it known that I, NTROLA TESLA, a sub-

ject of the Emperor of Austria-ITungary, from.|.

Sniiljan, Lika, border country of Austria-Hun-
5 gary, residing at New York, in the county and
State of New York, have invented certain new
and useful Improvements in Electro-Magnetic

Motors, of whieh the following is a specifica-

tion, reference being had to the drawings ac-

to companying and forming # part of the same.
Among the various forms of alternating-
“current motors invented by me is one which

I have described in other applications, and
whichisconstructed as follows: I build a field-

.15 cove with, say, four poles, between which is

mounted anarmature thatis generally wound-

with closed coils. On two of the opposite
poles of the field I wind primary coils, which
. are connected up inthe main circuit. On the
~ 20 same cores I also wind secondary coils, which
are closed through coils-on the other pair or
set of poles. In this motor when an alternat-
ing current is caused to passthrough the pri-
mary coils it energizes directly one set of

25° poles and induces currents in the secondary .

coils, which act to energize the other poles;
but the phases of the current in the second-
ary coils may differ in timefrom those of the

primary current,and hence a rotation orshift-

30 ing of the poles is effected that imparts rota-
tion to the motor.

These motors may be constructed in ma,ny‘

other ways; but for purposes of .this case itis
only necessary to consider the specific form
35 which I have thus generally described, as my
improvements relate mainly to sach form.
The objeet of my present invention is to
render this form of motor more eflicient and
to improve its action or inode of opération.
In the motors constructed in ac¢eordance
with this priuciple I bring two energizing-
- circuits into induetive relation in the motor
itself—that is to say, the secondary cnrrents
. which energize one set of the field-cores are
45 induced in the motor itsclf, and the employ-
ment of an external induction device is thus
avoided. The operation of these motors, how-
ever, is dependent upon the existence of a
certain difference of phase between the cur-
50 renis in theprimary and secondary coils. To
obtain a differcnce of phase or Jag that is

40

-since the sanie laws apply.

] suited o \\joi%'iug_._condilio'ns'js the specific

object ¢f my present.invention.

-The following esplanations will serve to
illustrate the principle itpon which said in- 55
vention is based. . 'Tet it be assamed that an

-ordinary altornating-current generator Is con-

nected up in a.cirenit of practically no -self-
induection, sucl;, for example, asa circuitcon-
taining incandeseent lamps only. - Onthe ep- Go

-eration of the machipe alterhating currepts

will bedeveloped in the circuit, and thoph@es
of. these currents will theoretically coinoide
with the phases of the impressed electro-mo--

 tive force. Such currents may be regarded 65 -

and designated as.the “unretarded currents.”
It will be understood, of course, that in
practice there is always more or less self-in-
duction in thae girenit, which modifies to a cor-
responding extent thesc conditions; but for 7o
convenience this way be disregarded in the
consideration of the principle of operation,
Assume next
that & path of currents be formed across any
two points of the above cireuit, consisting, 75
for example, of the primary of an induction
device. The phases of the currents passing
through the primary, owing to the self-in-
duction of the same, will not coincide with
the phases of the impressed electro-motive 8o
force, but will lag behind tiic same, such lag
being-directly proportional to the self-induc-
tion and inversely proportional to theresist-
ance of the said coil: The insertion of this
coil will also cause a lagging or retardation 8;
of the currents traversing and delivered by
the generator behind the impressed @&lectro-
motive force, such lag Leing the mean or re-

sultant of the lag of the current through the

primary alone and that of what I have des- go
ignated the “unrctarded current” in the
entire working-circuit. Next consider the
conditions imposed by the association in in-
duetive relation with the primary evil of a
secondaryeoil. T'he current generated in the g3
sceondary coil will react upon the primary
current, modifying the retardation of the
same, according to the amount of self-indue-
tion and resistance in the secondary cireuit.

If the secondary circuit have but little self- 100
induction—as, for instance, when it contains
incandescent lamps only—it will inerease the
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-sthall diamgter and having

actual difference of plhase between its own .

and the primary current, first, by diminish-
ing the lag between:the primary current and
the impressed electo-motive force, and, sec-

ond, by its own lag or retardation behind-
On the -

the impressed electro-motive force.
_other hand, if the secondary cireuit have a
high self-induction its lag behind the cor-
rent in the primary is directly increased,
while it will be-still further increased if ‘the

primary have a verylowself-induction.” The

better results.are.obtained when the primary
‘has a low self-induction. I apply these prin-
ciples to the -construction.of a motor whichI
shall now describe. .

. The details of the impr‘oveménts

trated in the drawings; in which—

- Figurel is a diagram of a motor exhibiting |
amy invention. I'ig’2 is a similar diagram of |-
20

a modification of the same.

. In Fig. 1 let A designate the field-magnet
of & motor whick, as. in ‘all these motors, is
built up of sections or plates. .B C are polar
projections upon which the coils are woand.
Upon one pair of these. poles, as” C, I wind
primary coils D, which are directly connected

to the circuit of an alternating-current gen-
erator G.  On the same poles I also wind sec-
-ondary coils F, either side by side or over or

under the primary coils, and these I connect
with other coils E, which surround the poles
B B. The gurrents in both primaryand sec-

ondary coils in such a motor will be retarded-
or will lag behind the impressed electro-mo- |
tive force; but to secure a proper difference-

in phase between the primary and secondary
currents-themselves I increase the resistance
of the circuit of the secondary and reducs as
much as practicable its self-induction. I do
this by using for the secondary circuit, par-
ticularly in the coils E, wire of comparatively
ut few turns
-around tho cores; or I use some-conductor of
highet specific resistance, such as German
silver; or I -may introduce at somé -point in
the secondary circuit.an artificial’zesistance
R. Thus the self-induction of the secondary
is kept down and its resistance increased

- with the result of decreasing the lag between

50

the impressed electro-motive force and .the

~ecurrent in the primary coils and increasing

55

the difference of phase between the primary
and secondary currents. .

In the disposition shown in Fig. 2 the lag
in the secondary is increaserl Ly increasing

. the self-induction of that circuit, while the
“increased tendency of tlie primary to lag is

"have n low self-induction and high resist.

“troduce a self-induction coil'S, while in the

.are illus-.

filed applications for such foa.tnreg.

-connteracted by inserting therein a dead re-

sistance. .The primary coils D-in this case .’
-6o

ance, while the coils E F, included in the see- :
ondary circuit, iave a high self-indaection and
low resistance. This may be done by the
proper winding of the coils, or-in the cireuit. -
including the secondary. coils E IF, I may in- 65 -

primary circuit from the generator G and in-
cluding coils D, I may insert a dead resist-
ance-R. By this means the-difference of .
phase between. the primary and secondary is 7o
iacreased. Tt is evident that both means:-of -

.increasing the difference of phase—namely, -
‘by ‘the special winding as well as bythesup- -

plemental or external inductive and dead re- -
sistance—may be employed conjointly. 15

In the oparation of this motor the current
impulses in the primary coils induce currents
in-the secondary coils, and by the conjoint
action of the two the points of greatest mag-
neti¢ attraétion are shifted or rotated.

In practice I have found it desirable to
wind the armature with closed ceils in which

8o

1 earrents are indaced by the action thereon

of the primaries. . — .

I do not claim, broadly, herein the method 85
of operating motors by indaeing in one ecir-
cuit currents by means of those in another, .
nor the other features herein not specifically
pointed out in the claims; having personally

go
" What I claim js— o

1. The combination,in a motor,of a primary
energizing-circuit adapted to be connected
with the circuit of & generator.and a second-
ary energizing-circuit in inductive relation
thereto, the two circuits being of -different
electrical character or resistance, as set forth.
2. Thecombination, in a motor,of & primary
energizing-circuit” adapted to be connested
with the circuit. of & generdtor anda second- roo

ary energizing-cirguit in induective relation

95,

-thereto, the. twa zircnits beinmg of different

self-induction, as herein set forth. .

~ 8."The combination,in a motor, of primary
energizing-coils adapted to be connected to a sog
source of current and.secondary energizing-
coils in a eirounit in inductive relation thereto,

-one set of said coils being formead by conduat-

ors of small size and few turns, the other by

,condnctor_s of larger size, as set.forth. .

_ . NIKOLA TESLA..
Witnesses: : :

R. J. STONEY, Jr.,
E. P. COFFIN. '
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UNTTED STATES

PaTENT OFFICE.

NIKOLA TESLA, OF NEW YORK, N, Y.

ALTERNATING-ELECTRIC-CURRENT GENERATOR.

SPECIFICATION forming part of Letters Patent No. 447,921, dated March 10, 1891.
Application filed November 15, 1880, Serial No. 371,654, (No model)

To all whom it may concern:

Be it known that I, NIkoLa TESLA, a sub-
Ject of the Emperor of Austria,from Smiljan,

Lika, border country of Austria-Hungary, re-

siding at New York, in the county and State
of New York, have invented certain new and
useful Improvements in Alternating-Current
Machines, of which the following is a specifi-

- cation, reference being had to the accompa-
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nying drawings.

In the systewms of distribution of electrical
energy from alternating-current generators
in present use the generators give ordinarily
fromomne to three hundred alternations of cur-
rent per second. I haverecognized and dem-
onstrated in practice that it is of great ad-
vantage, on many accounts, to employ in such
systems generators capable of producing a
very much greater number of alternations
per second—say fifteen thousand per second
or many more.. To produce such a high rate
of alternation, it is necessary to construct a
machine with a great number of poles or polar
projections; but such constrnction, on this
account, in order to be efficient, is rendered
difficult. If an armature without polar pro-
Jections be used, it is not easy to obtain the
necessary strength of field, mainly in conse-
quence of the comparatively great leakage of
the lines of force from pole to pole. If, on
the contrary, an armature-core formed or pro-
vided with polar projections be employed, it
is evident that a limit is soon reached at
which the iron is not economically utilized,
being incapable of following witheut consid-
erable loss the rapid reversals of polarity.
To obviate these and other difficulties, T have
devised a form of machine embodying the
following general features of construction.

I provide & field-magnet core made up of
two independent parts formed with grooves
for the reception of one or more energizing-
coils. The energizing eoil, or coils, is eom-
pletely surrounded by the iron core, except
on one side, where occurs the opening be-
tween the polarfaces of the cove, which open-
ing is made as narrow as the conditions of
the machine will permit. The polar faces of
the core of thefield are not smooth, but formed
with a great many projections or serrations,
the points of which in one side or polar face
are preferably oxactly opposite those in the

other. Between the faces soformed I mount
or support the armature coil or coils and pro-
vide either for rotating the field-magnet or

the armature, or both, and I arrange the said’

armatnre-coil or conductor so that it will be
symmetrically disposed with respect to the
field—that is tosay,sothat when one portion
of the conductor is passing through the
strongest portion of the field the other por-
tion, which forms the return for the former,
is passing through the weakest points or
parts of the field. 'I'he strongest points of
the field, it will be understood, are those be-
tween the projections or points on the polar
faces, while the weakest. points lie midway
between theimn. -

A field-magnet, when constructed as above
described, produces, when the energizing-coil
is traversed by a continuous current, a field
of greatstrength,and one which may be made
to vary greatly in intensity at points not far-
ther distant from one another than the eighth
of an inch. In a machine thus eonstructed
there is comparatively little of that effect
which is known as “magnetic leakage,” and
there is also but a slight armature reaction.
Either the armature-conductor or the field-
magnet may be stationary while the other ro-
tates, and as it is often desirable to maintain
the conductors stationary and to rotate the
field-magnet I have made a special modifica-
tion of the constronction of the machine for
this parpose, and with a view in such case of
still furthersimplifying the machine and ren-
dering it more easy to maintain in operation
I arrange the armature-conductors and the
frame or supports therefor so as to snpport
also a fixed coil or coils for energizing the ro-
tating field-magnet, thus obviating the em-
ployment of all sliding contaets.

In the accompanying drawings I have illus-.

trated the two typical forms of my machine
above referred to. ]

Figure 1 is a vertical central section of the
machine, taken on lines  x of Fig. 2; and
Fig. 2 is a horizontal section on line 7 y of
Fig. 1. The machine in these two figures is
one in which the armature-conductor and the
field-coil are stationary while the field-mag-
net corerevolves. Fig. 3 is a vertical eentral
section of amachine ombodying the same plan
of constrnction, but having a stationary field-
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aguet and rotating armature; Flg. 4 13 &
diagram illistiating the peculidr configtira-
tion of the pblar fates and the relation of the
armatire econduetor or conductors thereto.

In Figs. 1 and 2, A A designate two cylin-
drical castings provided with bracket-arms B
B, in which Iatter are bushings C' for the ro-
tating shaft. The conductor in which the
currents are induced may be constructed or
arranged in varjons ways; but I prefer to
form it in the following manner: I take an
annular plate of copper D and by means of a
‘saw or other cutting-tool eut in it radial slots
from one edge nearly through to the other,
beginning alternatcly from opposite edges.
In this way a continuons zigzag conduetor is
formed. To the inner edge of this plate are
secured two rings of non-magnetic metal E,
which are insulated from the copper con-
ductor, but held firmly thereto, as by means
of bolts F. Within the rings Eis then placed
an annular coil G, which is the energizing-
coil for the field-magnet. The conductor D
and the parts attached thereto are supported
by means of the cylindrical shell or casting
A A, the two parts of which are brought to-
gether and clamped by bolts F’ to the outer
edge of the conductor D. The conduetor D
is also insulated from the shell A. .

The core for the field-magnet is built up of
two circular parts H H, formed with annular
grooves I, which, when the two parts are
brought together, form a space for the Tecep-

tion of the energizing-coil G. The central:

barts or hubs of the cores H I are troed off,
50 as to fit closely against one another, while
the outer.portions or flanges which form the
polar faces JJ arereduced somewhat in thick-
ness to make room for the conductor D, and
‘are serrated on their faces or provided in any
‘other convenient way with polar projections.
The two parts of the core H H are mounted

on and fixed to the shaft X, and are bound-

together by bolts L. The number of serra-
tions in the polar faces is arbitrary; but there
must exist between them and the radial por-
tions of the conductor D a certain relation,
which will be understood by reference to Fig.
4, in which N N represent the projections or
points on one face of the core of the field,
and 8 S the points of the other face. The
conductor D is shown in this figure in-sec-
tion, @ o’ designating the. radial portions of
the conductor, and b the insulating-divisions
between thesame. The relative width of the
parts a o’ and the space -between any two
adjacent points N N or S S is such that when.
the radial portions a of the conductor are
passing between the opposite points N S,
where the field is strongest; the intermnediate
radial portions a’ are passing through the
widest spaces midway between such points
and where the field is weakest. Since the
core on one side is of opposite polarity to the
part facing it, all the points or projections of
one polar face will be of opposite polarity to
those of the otherface. . Hence, although the

spacs between any two adjacent points on the
saméface mdy Ue eéxtiemely small, thers will
be no léakagd of thd iagnetic lines betweit
any two points of the same name; but the
lines of forcde will pass across from one set of
points to the other. The donstruction fol-
lowed obviates to a great degree the distor-
tion of the magnetic lines by the action of the
current in the conduetor D, in which it will
be observed the .current is flowing at any
given time from the center toward the pe-
riphery in one set of radial partsa and in the
opposite direction in the.adjacent,parts a’.
In order to connect the energizing coil G
with a source of continuous current, I have
found it convenient to utilize two adjacentra-

dial portions of the conductor D for connect- -

ing the terminals of the coil G with two bind-
ing-posts M. For this purpose the plate D is
cut entirely through, as shown, and the break
thus made is bridged over by a short con-
ductor c. '

~ At any convenient point the plate D is cut.

through to form two terminals d, which are
connected to binding-posts N.

The core HH, when rotated by the driving-

pulley P, generates in the conductors D an
alternating current, which is taken off from
the binding - posts N. It will be observed
that from the nature of the construction de-
scribed this machine is capable of produeing
an alternating current of an enormously high
rate of alternations. . B
When it is desired to rotate the conductor
between the faces of a stationary field-mag-
net, I adopt the constraction shown in Fig. 3.
The conductor D in this case is or may be
made in substantially the -same manner as
above described by slotting an annular con.
ducting-plate and supporting it between two
heads O, held together by bolts 0 and fixed
to the driving-shaft K. The inner edge of
the plate or conductor D is preferably flanged
to secure & firmer union between it and the
heads O. It is insulated from said head.
The field-magnet in this case consists of two

‘annular parts H H, provided- with annular

grooves I for the reception of the coils. The
flanges or faces surrounding the annular
groove are brought together, while the inner
flanges are serrated, as in the previous case,
and form the polar faces. The two parts H
H are formed with a base R, upon which the
machine rests. , ‘

S 8 are non-magnetic. bushings secured or
set in the central opening of the cores. ,

The conductor D is cut entirely through at
one point to form terminals, from which in-
sulated conductors T are led through the
shaft to collecting-rings V.. '

What I claim is—

1. The combination, in an annular field of
force formed by opposing polar faces with
radial grooves or serrations and with said

ors so disposed with relation to the serrations
that while one portion of the radial conduct-
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ors is passing between the strongest parts of
the field, or the points where the two poles
most nearly approach, the adjacent or inter-
mediate conductors will pass through the
weakest parts of the field, or the points where
the two poles are most remote, as set forth.

2. The combination, with a connected se-
ries of radial conductors forming an annular
coil, of astationary two-partsupporting-frame
clamped to and insulated from the outer
ends of said conduoctors, a ring formed in two
parts clamped to the inner ends of the same,
an energizing-coil contained in said ring, and
a field-core made in two parts and inclosing
said energizing-coil and presenting annular
polar faces to the series of radial conductors,
as described.

8. The combination, with the annular con-
ducting-plate slotted to form a connected se-
ries of radial conductors, a sectional support-
ing-frame secured to and insulated from the
outer edge of the slotted plate, a sectional
ring secured to and insulated from the inner

-edge of said plate, a hollow energizing-coil

contained in said ring, and a field-core com-
posed of two partsbolted together and recessed
to inclose the energizing-coil, said cores being
mounnted in a rotating shaft, as set forth.

4. The combination, with two annular po-
lar faces of opposite magnetic polarity and
formed with opposite points, projections, or
serrations, of a eonduetor turned back upon
itself in substantially radial convolutions and
mounted in theannular field, whereby a rota-
tion of the field orsaid conductor will develop
therein an alternating current, as set forth.

5. The combination, with a polar face of
given polarity formed with grooves or serra-
tions, of a polar face of opposite polarity with
corresponding grooves or serrations, the two

polar faces being placed with their grooves
opposite to each other,and a conduetor or coil
mounted between said faces with the capa-
bility of movement across the lines of force
in a direction at right angles to that of the
grooves or serrations, as set forth.

6. In a magneto-electric machine, the com-
bination of a sectional frame, a field-magnet
core composed of two connected parts, a rotat-
ing shaft on which said core is mounted, a
conductor in which. currents are to be in-

45

50

duced, the convolutions of which are radially -

disposed- between the polar faces of the field-
core and secured to and supported by the
frame, and an energizing-coil for the field-
core supported by the induced-current coil
and contained in an annular recess formed
by grooves in the faces of the two sections of
the field-core.

7. The combination, with opposing field-
magnet poles formed with projections or ser-
rations in their faces, the highest parts or
prominences of one face being opposite to
those of the other, of a conductor the convo-
lutions of which are adapted to pass at right
angles through the magnetic lines between
the opposing prominences, as set forth.

8. The combination, with a rotating field-
magnet core having two opposing and aunu-
lar polar faces with radial grooves or serra-
tions therein systematically disposed, 80 that
the highest parts or prominences of one face
lie opposite to those of the other, of a station-
ary conductor with radial convolutions and
mounted between the polar faces, as set forth.

NIKOLA TESLA.

Witnesses:
ROBT. F. GAYLORD,
PARKER N. PAGE.
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UNITED STATES

PATENT OFFICE.

NIKOLA TESLA, OF NEW YORK, N. Y.

ELECTRO-MAGNETIC MOTOR.

SPECIFICATION forming part of Letters Patent No. 455,067, dated June 30,1891.
Application filled January 27,1891, Serial No, 379,251, (No model,)

To all whom it may concern.:

Be it known that I, NIkorA TESLA, a sub-
Ject of the Emperor of Austria, from Smiljan,
Lika, bordercoun try of Austria-Hungaiy, and
residing at New York, in the county and State
of New York, have invented certain new and
usefulImprovementsin Electro-Magnetic Mo-
tors, of which the following is a specification,
reference being had to the accompanying
drawings.

The subject of my present invention is an
improvement primarily designed for applica-
tion to alternating - current motors of the
special type invented by me, and of which the
operation is due to the action of alternating
currents differing in phase and directed
through or developed in independent ener-
gizing-circuits in the motor, and causing a
shifting or rotation of the magnetic poles or
their resultant attractive forces upon the ro- |
tating element or armature.

My improvements are based upon certain
laws governing the action or effects produced
by a condenser when connected to an electric
circuit through which an a) ternatingorin gen-

- eral an undulating current is made to pAass.

3c

40

45

50

Someof these effects, and thosemostim portant
inconnection withmyinvention,areasfollows:
First, if the terminals or platesofa condenser
be connected with two points of a circuit, the
potentials of which are made to rise and fall
in rapid succession, the condenser allows the
passage or, more strictly speaking, the trans-
ferrence of a current, although its plates or
armatures may be so earefully insulated as to

prevent almost completely the passage of a

current of unvarying strength or direction
and of moderate electro-motive force; second,
if & cireuit the terminals of which are con-
nected with the plates of the condenser pos-
sess a certain self-induction, the condenser
will overcome or counteract to a areater or
less degree, dependent upon well-understood
conditions, the effects of such self-induction;
third, if two points of a closed or complete
circuit through which a rapidly rising and
falling current flows be shunted or bricied
by a condenser, a variation in the strengtu of
the currents in the branches and also a dif-
ference of phase of the currents therein is pro-
duced. These effects I have utilized and ap-

plied in a variety of ways in the construction -

and operation of my motors, as by producing
a difference in phase in the two energizing-
circuits of an alternating-current motor by
connecting the two cirenits in dervivation and
connecting up a condenser in series in one of
the cirenits; but such applications seem to be
obvious to one familiar with my motors and
the facts above enumerated.

My present improvements, hoiwever, possess
certain novel featnres of practieal value and
involve a knowiedge of facts less generally
known. These improvements comprise the
use of & condenser or condensers in connec-
tion with the induced or armature cirenit of
a motor and certain details of thie construe-
tion of such motors. In an alternating-cur-
vent motor of the type to which I have par-
ticularly referred above, orin any other which
has an armature coil or circuit closed upon
itself, the latter represents not only an in-
ductive resistance, but one which is periodi-
cally varying in value, both of which facts
complicateandrenderdiflicult the attainment
of the conditions best suited to the most effi-
cient working of the motors, The most effi-
cient working conditions, in other words, re-
quire; first, that for a given indunctive effect
upon the armature there should be the great-
est possible current through the armature or
induced coils, and, second, that there should
always exist between the enrrents in the en-
ergizing and the induced cireuits a givon re-
lation of phase. Ilence whatever tends to
decreasc tho self-induction and increase the
current in the induced ecircuits will, other
things being equal, increase tho output and
efficiency of the motor, and the same will be
true of causes that operate to maintain the
mutual attractive effect Letween the field-
magnets and armatare at its maximom. I
securc these results by connecting with the
indueed cirenit or civenits & condenser, in the
iauner hereinafter described, and I also,
with this parpose in view, construet the mo-
tor in a special manner,

Referring to the drawings for a particular
description of the invention, Figure 1 is a
view, mainly diagrammatic, of an alternating-
current motor to which my present invention
is applied. Fig. 2 is a-central section, inline
with the shaft, of & special form of armature-
core adapted to the invention. Fig. 3 is a
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similar section of a moditication of the same.
Fig. 4 is one' of the sections of the. core de-
tached. TFig. 5 is a diagram showing a modi-
fied disposition of avmature ov indneed cir-
cuits. :

The general plan of the invention is illus-
trated in Fig. 1. A A in this fiznre repre-
sent the frame and field-magnets of an alter-
nating-current motor, the poles or projections
of which are wound with coils B and C, form-
ing independent energizing-circuits connect-
ed eitherto the sameor toindependent sources
of alternating currents, as is now well under-
stood, so that the currcnts flowing through
the circuits, respectively, will have .a differ-
ence of phase. Within the influence of this
field is ar armature-core D, wound-with coils
E. Io my motors of this deseription hereto-
fore these coils have been closed upon them-
selves, or connected in a closed series; but in
the present case each coil or the connected
series of coils terminates in the opposite
plates of a condenser F. TFor this purpose
the ends of the series of coils are brought out
through the shaft to collecting-rings G, which
are connected to the condenser by contact-
brushes II and sunitable conductors, the con-
denser being independent of the machine.
The armature-coils are wound or connected
in.such manner that adjacent coils produce
opposite poles.

The action of this motor and the effect of
the plan followed in its construction are as
follows: The motor being started in opera-
tion and the coils of the field-magnets being
traversed by alternating currents, currents
are induced in the armature-coils by one set
of field-coils, as B, and the poles thus estab-
lished are acted upon by the other set, as C.
The armature-coils, however, have necessa-
rily a high self-induction, which opposes the
flow of the currents thus set up. The con-
denser IFnot only permits the passage or trans-
ferrence of these currents, but also counter-
acts the effects of self-induection, and by a
proper adjustment of the capacity of the con-
denser, the self-induction of the coils,and the
periods of the cnrrents the condenser may
be made to overcome entirely the effect of
the self-induction.

It is preferable on account of the undesir-
ability of using sliding contacts of all kinds
to associate the condenser with the armature
directly, or make it a partof the armature.
In some cases I build up the armature of an-
nular plates K K, held by bolts L between
heads M, which are secured to the driving-
shaft, and in the hollow space thus formed I
place a condenser I, generally by winding the
two insulated plates thereof spirally around
the shaft. In other cases I utilize the plates
of the core itself as the plates of the con-
denser. For example, in Figs. 3 and 4, N is
the driving-shaft, M M are the heads of the
armature-core, and IL KX’ the iron plates of
which the core is built up. These plates arve
insulated from theshaft and from oneanother,
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and are held together by rods or bolts L. The
bolts pass through a large hole in one plate
and a small hole in tho one next adjacent,
and so on, conneeting olectrically all of plates
X, as one armature of a condenser, and all of
plates I’ as the other. :

Mo eitherof the condensersabovedeseribed
the armature-coils may be connected, as ex-
plained by reference to I'ig. 1.

Ia motors in which the armature-coils are
closed upon themselves—as, for example, in
any form of altemnting-cm'renf' motor in
which one armature coil or set of coils is in
the position of maximum induction with re-
spect to the field coils or poles, while the other
ig in the position of minimum induction—the
coils are preferably connected in one series,
and two points of the cirenit thus formed are
brideed by a condenser. This is illustrated
in Tig. 3, in which X represents one set
of armature-coils and E’ the other. Their
peints of union are joined through a con-
denser F. It will be observed that in this
disposition the self -induction of the two
branches E and E’ varies with their position
relatively to the field-magnet, and that each
brauch isalternately thepredominatingsource
of the induced current. Hence the effect of
the condenser Fistwofold. First,itincreases
the current in each of the branches alter-
nately, and, secondly, it alters the phrase of
the currents in tho branches, this being the
well-known effect which results from such a
disposition of a condenser with a circuit, as
above described. 'This effect is favorable to
the proper working of the motor, because it
inereases the flow of eurrent in the armature-
circuits due to a given inductive effect, and
also because it brings more nearly into coin-
cidence the maximum magnetic effects of the
coacting field and armature-poles.

It will be understood, of course, that the
causes thatcontribute to the efliciency of con-
densers when applied to such uses as above
must be given due consideration in determin-
ing the practicability and efficiency of the
motors. Chief among theso is, as is well
known, the periodicity of the current, and
hence the improvements which I have here-
in described are more particularly adapted to
systems in which a very high rate of alterna-
tion or change is maintained.

Although thisinvention hasbeen illustrated
herein in connection with a speecial form of
motor, it will bo understood that it is equally
applicable to any other alternating-current
motor in which there is a closed armature-
coil wherein the currents are induced by the
action of the field, and, furthermore, I would
state that the feature of utilizing the plates
or sections of a magnetie core for forming the
condenser, I regard as applicable, generally,
to other kinds of alternating-current appa-
ratus.

Having now described my invention, what
I claim is— '

1. Inanalternating-current motor, the com-
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bination, with the field-magnets aud energiz-

mg-cn'cmt of an armature-circuit and a core
adapted to be energized by ‘currents induced

- in its circunit by the currents in the field-cir-

15

20

cuit,and a condenser connected with the arma-
ture-cucmt only, as set forth.

2. Inan alternating-current motor, the com-
bmatlon, with armature-coxls in mductxve re-
lation to the field and connected in a closed
cireuit, of a condenser bridging siid cireuit,
as set forth.

3. Inan alternating-current motor, the com-
bination, with an armature and two energiz-
ing-circunits formed by coils wouand thercon in
different inductive relations to the field and
joined in a continuous or closed series, of a
condenser the platesof which are connected
respectively, to the junctions of the cn'cmts
or coils, as set forth.

4. Inanalternating-current motor, the com-

()

bination, with the mduced energizing coil or
coils of the armature, of a condenser con-
nected therewith and made a part of the ar-
mature or rotating element of the motor.

5. Inanalternating-current motor, the com-
bination, with an armature-core composed of
insulated conducting-plates alternately con-
nected to form a condenser, of an induced en-
ergizing coil or coils wound thereon and con-

nected to the plates or armatures of the qmd 3°

condenser.

6. A magnetic core for alternating-current
apparatus, composed of plates orsections in-
sulated from each other and alternately con-

25

nected to form the two parts or armatures of 35

a condenser. :
NIKOLA TESLA
Witnesses:

PARKER W. PAGE,

FraNK B. MorpHY.
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SPECIFICATION forming part of Letters Patent No. 459,772, dated September 22, 1891,
Application filed April 6, 1880, Barfal No. 306,165, (No medel} '

To all whom it-may coneern: *
_ Be it known that I, NIkoLa TESLA, a sub-
jeet of the Emperor of Austria, from Smiljau,

Lika, border country of Austria-Hungary, re-.

sidiog at New York, in the county and State
of New York, have inveiited coertain new and
useful Improvements in Electro-Magnetic
Motors, of which the following is a specifica-

tion, reference being had to the drawings ac-’

companying and forming a part of the same.
. Asiswell known, certain forms of alternat-
ing-current machines havethe property, when
connected in cireuit with an alternating-cur-
rent generator, of ranning as a motor in syn-
chronism therewith; but while thealternating

‘eurrent will ran the motor after it has at-

tained a rate of gpeed synchronouns with that
of the generator it will notstartit. Hencein
all instances heretofore when these “synchro-
nizing motors,” as they are termed, have been
run, some means have been adopted to bring
the motors up to synchronism with the gen-
erator, or approximately so, before the alter-
nating current of the generator is applied to
drive them,

In an application filed February 18, 1889,
Serial No. 300,220, Thaveshown and deseribed
an improved systemm of operating this class
of motors, which consists, broadly, in wind-
ing or arranging the motor in such manner
that by means of suitable switches it could
be started as & multiple-circuit motor, or one
operating by a progression of its magnetic
poles, and then, when up to speed, or nearly
80, converfed into an ordinary synchronizing
motor, or one in which the magnetic poles
were simply alternated.  In some cases, as
when a large motor is used and when the
number of alternations is very high, there. is
more or less difficulty in bringing the motor
to speed as a double or maultiple-cirenit mo-
tor, for the plan of construction which renders
the motor best adapted to run as a synchro-
nizing motor impairs its efficiency as a torque
or double-gircuit motor under the assuined
conditions on the start. This will be readily

. understood, for in a large synchronizing mo-

3aQ

tor thelength of the magneticeirenit of thepo-
larprojectionsand their massare so great that
apparently considerable time is required for
magnetization and demagnetization. Henee

with a eurrent of a very high number of al-
ternations the moter may not respond prop-

erly. To avoid this objection and tostart up

a synchronizing motor in which these condi-
tions obtain is the objeect of my present in-
vention. I have therefore combined two mo-
tors, one a synchronizing motor, the other a
multiple-circuit or torque motor, and by the
latter I bring the first named up to speed,
and then either throw the whole current into
the synchronizing motor or operate jointly
both of the motors.

This invention involves several novel and
useful featnres. It will be obsarved, in the
first place, that both motors are run without
cominutators of any kind, and, secondly, that
the speed of the torque motor may be higher
than that of the synchronizing motor, as will
be the case when it ecntains a fewer number
of pules ot sets of poles, so that the motor will
bemore readily and easily brought up tospeed.
Thirdly, the synchronizing motor may be con-
structed so as to have a muech moreproncunced
tendeney to synchronisin without lessening
the facilily with which it is started.

In the drawings I have illustrated the in.
vention.

IMigure 1 is a part sectional view of the two
motors; Fig. 2,an end view of the synchroniz-
ing motor; Fig. 3, an end view and part sec-
tion of the torque or double-cirenit motor;
TFig. 4, n dingram of the cirenit connections
employed; and Figs. 5, 6, 7, 8, and 9 are dia-
grams of modified dispositions of the two mo-
tors. :

Inasmuch as neither motor is doing any
work while the current is acting upen the
other, Iprefer torigidly connect the two arma-
tures. I therefore mount both upon thesame
shaft A, the field-magnets B of the synehro-
nizing and Cof the torque motor belng secured
to the same basc D. The prefevably larger
syunchronizing inotor has polar projections on
its armature, which rotata in very elosc prox-
imity to the poles of the field, and in other
respeets it conforms to the conditions, now
well understood, that are necessary to gecure
synchronous action. I prefer, however, to
wind the pole-pieces of the armature with
closed coils B, as this obviates the employ-
ment of sliding eontaets. The smaller or
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torque metor, on the other hand, has, prefer-
ably, a eylindrical armature T, without polar
projections and wound with closed coils G, as
I have described in my previous patents,
notably No. 382,270, dated May 1,185, 'The
field-eoils of the torque motor are conneoted
up in two series H and I, and the alternating
currentfrom the generatoris directed throu gh
or dividad between these two circnits in any
anner to produce 4 progression of the poles
or points of maximum magnetic effect. I
secure this result in a convenient way by
connecting the two motor-circnits in deriva-
tion with the circuit from the generator, in-
serting in one motor-cirenit o dead resist-
aneve and in the other a self-induction coil, by
which means u difference in phase betwesn
the two divisions of the current is secured.
IE both motors have the same nnmber of field-
poles, the torque motor for a given number
of alternations will tend to run at double the
speed of the other, for, assuining the connec-
tions to be such as to give thebest results, itg
poles are divided into two series and the
number of poles is virtually reduced one-half,
which being acted upon by the same number
of alternations tend to rotate the armature
at twice the speed. By this means the main
armuture is more easily brought to or above
the required speed. When the speed neces-
sary for synchronism is imparted to the main
motor, the current is shifted from the torque
motor into the other, )

A convenient arrangement for carrying out
this invention is shown in Fig. 4. In said
figure J J aro the field-coils of the sychroniz-
ing, and M I the field-coils of the torgue, mo-
tor. L 1/are the conductors of the main
line. One end of, say, coils H is connected to
wire I. throngh a self-induction eoil M. Oune
end of the other set of coils I is conuected to
the same wire through a dead resistance N,
The opposite ends of these two circuits are
connected to the contact m of a switeh the
handle or lever of which is in connection with
the line-wire I.  One end of the field-cireuit
of the synchronizing motor is connected to
the wireI.. The otherterminatesintheswitch-
contact . From the diagram it will be read-
ily seen that if the lever P Le turned onto
conitact m the torque motor will start by
reason of the difference of phase between the
currents in its two energizing-cireuits. Then
when the desired speed is attained if the le-
ver P be shifted onto contactn the entire
current will pass through the fiald-coils of the
synchronizing motor and the other will be
doing nowork,

The torque motor may be constructed and
operated in various ways, many of which I
have described in otherap plications; butIdo
not deem it necessary in illustration of the
principle of eonstruction and mode of opera-
tion of my presentinvention to describe thesa
further herein. It is not necessary that one
motor be eut out of circuit while the other is
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in, for both may be acted upon by the eur-
rent at the sane time, and I have davised va-
rious dispositions or arrangements of the two
motors for accomplishiug this. Some of these
arrangements are illnstrated in Figs. 5 to 9.
Referring to Fig. 5, let T designate the
torque or multiple-circnit motor and S the
synchronizing motor, LL! being the line-wires
from a source of alternating current. The
twa cirenits of the torque motor of different
degrees of self-induction, and designated by
N M, are connected in derivation_to the wire
They are then joined and connected to
the energizing-circuit of the synchronizing
motor, the opposite terminal of which is con-
nected to wire I’. The two motors are thus

in series. To start them I short-cirenit the

synchronizing motor by a switch P, throwing
the whole current through the torque motor.
Then when the desired speed is reached the
switch P’ is opened, so that the eurrent passes
through both motoys. In such an arrange-
ment as this it is obviously desirable for
economieal and other rensons that a proper
relation between the speeds of the two motors
shonld be observed.

In Fig. 6 another disposition is illustrated.
S is the synchronizing motor and T the torgue
motor, the circnits of both being in parallel.
W is a cireuit also in derivation fo the motor-
cirenits and containing a switeh P!, 8’ isa
switch in the synchvonizing-motor cirouit. On
the start the switch S' is opened, cutting ount
the mnotor S. Then P' is opened, throwing
the entire current through the motor T, giv-
ing it a very strong torque. When the de-
sired speed is reached, switch S’ is elosed and
the eurrent divides between both motors, By
means of switeh P* both motors may be cut
out,

In Fig. 7 the arrangoment is substantially
the same, except that a switeh I” is placed in
the circuit which ineludes the two cirenits of
the torque motor.

Tig. 8 shows the two motors in series, with
a shunt around both containing a switch 8 T',
There is also a shunt around the synchroniz-
ing motor §, with a switch P”.

In Fig. 9 the same disposition is shown ;
but each motor is provided with a shunt, in
which are switches I and T, as shown.

The manner of operating the systems will
be understood from the foregoing desecrip-
tions.

I do not ¢laim herein the torque motor nor
any part thereof, except in so far as they en-
ter into the combination which forms the sub-
Ject of this applieation, for I have made the
distinguishing features of said motor the sub-
ject of other applications.

What I now elaim is—

1. An alternating-current non-synchrouniz-
ing electric motor coupled with a synchroniz-
ing alternating-current motor, substantially
as get forth, whereby the former starts the
latter and throws it iuto synchronism with
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its actuating-current, and switch mechanism
for directing the current through either or
both of the motors, as set forth.

2. The combination of twe motors the ar-
matures of which are mounnted upon the same
shaft, one of said inotors being an alternating-
current torque motor, or one in which the
magnetic points or poles are progressively
shifted By the action of the ensrgizing-our-
rent, the other motor being an alternating-
currentsynchronizing motor, and switch mech-
anisw for directing the current through either
or both of said motors, as set forth.

3. The combination, with an alternating-
current synchronizing motor having one en-
ergizing-field, of an alternating-current torque
motor having a plurality of energizing-cir-

cuits and adapted to be operated by eurrents |-

differing in phase, and a switeh for directing
the alternating current or currents through
the several circuits of one motor or the single
circuit of the other, as and for the purpose
set forth.

4. The combination, with an alternating-
current motor having field-cores wound with
coils adapted to be connected to a source of
alternating currents and an armature wonud
with induced coils closed npon themselves, of

a slarting device for bringing said moter into

synckronism with the generator with which

it 13 connected. _

5. The combination, with an alternating-
current motor composed of a multipolar al-
ternating field-magret, and an armatare hav-
ing poles wound with coils closed upon them-
selves, of a starting device,as set forth.

6. Inan alternating-current motor, the com-
bination of a field-magnet having poles wound
with coils adapted when connected with a

3o
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source of alternating current to produce st-4o )

multaneously opposite magnetic polarities
and au armature provided with poles or pro-
jections and wound with coils connected in
a continuonsly-closed unconnected circuit, as
set forth.

7. The herein-described method of operat-
ing alternating-curremt motors, which consists
in actuating a motor by an alternating euy-
rent to bring a second slternating-current

45

motor up to synchronizing speed-relative to 5o

the actuating-current and thenswitching the
synchronizing motor into cirenit.
NIROLA TESLA,
‘Witnesses:
(GEORGE N. MONRO,
EpwarD T. EVANS.
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UNITED STATES

PATENT OFFICE.

- NIKOLA TESLA, OF NEW YORK, &. Y.

. METHOD OF AND- APPARATUS FOR ELECTRICAL CONVERSION AND DISTRIBUTION.

SPECIFICAYION forming part of Letters Patent No. -1.32;413.' dated November 3, 1891.
" bpplication Qled February 4, 1891, Beclal Ko, $50,182. (o model)

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

20

5

"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 cireuit, 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-indnetion, 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 redneed 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 interrupters, 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 aid-

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

vequired, 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

65

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-

110

115

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-

120
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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 magnets 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, 300,312, (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 indnced 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 eoils 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 connect
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,ecoils 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 circuit 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

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

PaTeENT OFFICE.

ASSIGNOR TO THE TESLA ELECTRIC

COMPANY, OF SAME PLACE.

SYSTEM OF ELECTRICAL TRANSMISSION OF POWER.

SPECIFICATION forming part of Letters Patent No. 487,766, dated Dscember 18, 1892.
‘ “Application filed May 15, 1888, Serial Ro, 273,892, (Nomodel.)

To all whom it may concern:
" Be it known that I, Nixora TESLA, a sub-
ject of the Emperor of Aunstria-Hungary, for-
merly of Smiljan, Lika, border country of Aus-
5 tria-Hungary, bot now residing at New York,
inthe county and Stateof New York, hava in-
vented gertain new and useful Improvemants
in Systems for the Electrical Transmission of
Power, of which the following is a specifiea-
1o tion, reference heing had to the drawings ac-
¢ompanying and forming a part of the same.

This invention is an improvement in sys-
teme of electrical distribution of power where-
in are employed motors having two or more
through
which are passed alternating corrents differ-
ing in phase that are produced by a magneto-
electrio machinehavingindependent induced
circuits, or that are oblained from any other

2o suitablesource or by any othersuitable means.

Inillustration of the various conditions which
I regard asmost importantto an attainment
of the best results from the use of motors of
this character, I have heretofore used gener-

25 ally forms'of generator in which tharelations -

of the induced or current-generating coils and
field-magnets were such that but twoimpulses
" or current are produced in each coil by a sin-
gle revolution of the armature or fisld cores,

30 The rate, therefore, at which the different
phases orimpulses of current io the line-gir- |

cuits succeeded one another was so Jittle
greater than that at which the armatlﬁ% of
the generator revolved that without special

35 provision the generator required to be runat

very high sseed to obfain the best results.
It is weli known that the most efficient ro-
sults are secured in the operation of such mo-
tors when they are run at high speeds; butas

40 the practicable rate of speed is much limited

by mechanical conditions, particularly in the
_case of large generators, which wonld be re-
quired when & nomber of motors are run from
a single souvree, I have sought to produce a

45 greater nur serof eorrent impulses by a slow

- or slower s: sed than that at which the ordi-
nary bipok.r machines may be economically
operated. 1therefore adapttomysystem any
of the various types of multipolar alternat-
5o ing-eurrent machines which yield a consid-

erablenumberof current reversals orimpulses
for each revolution of the armalure by ob-
gerving the main .condilion essential to the
operation of my system that the phases of the
currents in thoe independent indueed cirenits
of the generator should not eoincide, bub ex-
hibita suficient difference in phaseto produce
the desired resnlts. I may accomplish thisin
s variety of ways, which, however, vary only
in detail,sinee theyare based upon the same
underlying principle. Forexample, tondapta
given typa of alternating-current generator I
may couple rigidly two complete imachines, se-
cnring them so that the requisite difference
in phase between the currents produced by
each will be obtained, or I may secure two
armatures to the same shaft within the influ-
ence of the same field and with an angular
displacement that will prodnce the proper
difference in phase betwoeen the two enrrents,
or 1 may securs two armatures to the same
shaft with their coils symmetrically disposed,
and place two sets of feld-magnets at such
angle as tosecure the sawe result, or, finally,
I may wind on thesame armatitre the twosets
of coils mlternately, or in such manner that
they will develop currents, the phases of
which differ in time sofficiently to producs
rotation of the motor.

Another feature of my invention is in the
plan which I have devised for ufilizing gen-
erators and motors of this type, whereby a
single generator may be caused torun s num-
ber of motors either at the same speed as iis
own or all at differentspeeds. This I accom-
plish by construecting the motors with fewer
poles than the generator, in which case their
speed will be greater than that of the gener-
ator, the rate of speed being higher as the
number of their poles is relatively less. This
will be understood from an example. Sup-
pose the generator has two independent gen-
erating-coils which revelve between two pole-
pieces oppositely magnetized and that the
motor has energizing-coils that produce at
any given time two magnetic pules in one
element that tend to set np a rotalion of the
motor. A generator thus constructed yields
four impulses or reversals of current by each
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cirenits, and I have demonstrated that the ef-:

fect upon a motor such as that mentioned is

to shift the magnetic poles through thres

huondred and sixty degrees. It is obvious
that if the foor reversals in the same order
could be produced by each half-revolution
of the generator the motor wonld make two
revolutions to the generator’s one. This
would be readily accomplished by adding two
intermediate poles to the generator or alter-
ing it in any of the other equivalent. ways
above indieated. The same rule applies to
generators and motors with multiple poles.
For instance, if & generator be constructed
with twe circuits, each of whieh prodnces
twelve reversals of eaurrent to a revolotion,
and these currents e directed through the
independent energizing-coils of & wotor, the
coils of whieh are so applied as to produce
twelve mageetic poles at all times, the rota-
tion of the two will be synchronons; but if
the motor-coils producebutsix poles the mov-
able element will ba rotated twice whila the
generator rotates ouce, or if the motor bave
four poles its rotation will be three times as
fast as that of Lthe generator.

These features, so far as it is necessary to
an understanding of the invention, are illus-
trated in the accompanying drawings.

Figure 1 is a diagrammatic illustration of
a generator constructed@ in accordance with
my invention. Fig. 2 is & similar view of a
correspondingly-constrneted inotor, Fig.3is
adiagram of agenerator of modified construe-
tion. TFig. 4 is a diagram of a motor of cor-
responding character. Fig. 5 is a diagram of
a system containing a generator and several
motors adapted to run at various speeds.

In Fig. 1,let C represent a ¢ylindrical arma-
ture-core wound longitudinally with insulated
coils A A, which are connected up in seriss,
the terminals of the series being connected
to collecting-rings @ a on the shaft G. By
means of this shaft the armatore is‘mounted
to rotate between the poles of ar annular
field-magnet D, formed with polar projec-
tions wounnd with coils E, that magnetize the
said projections. The coils E are included
in the eireuit of a generator F, by means of
which the fleld-magnet is energized. If thus
constructed, the machiue isa well-known form
of alternating-current generator. To adapt
it to my system, however,I wind on armature
C a second set of coils B B intermediate to
the first, or,in other words, in such positions
that while the eoils of one set are in the rels-
tive positions to the poles of the field-magnet
to produce the mazimum current those of the
other set will be in the posiiion in which they
prodace the minimum current. The coils I3
are couneeted, also, in series and to Lwo col-
lecting-rings b b, secured generally to the shaft
at the opposite end of the armature.

The motor shown in Fig. 2 has an anuular
field-maguet I, with four pole-pieces wound
with eoils I. The armatore is constructed

487,706

similarly to that of the gensrator, but with
two sets of two coils in closed ecirenits to cor-
respond with the reduced number of mag-:
netie poles in the field, .

From the foregoing it iz evident thatone’
revolution of the armature of the generator:

qo:

producing eight current impulses in each cip- -

cuit will produee {wo revolotions of the mo-
tor-armature, L
The application of the prineciple of thisio-
vention is not conficed toany particular form
of machine. In Figs. 3 and 4asgonerator and
mofor of another well-knowa type are shown.
In Ifig. 3,7 J are magnets disposed in a eircle
and wound with eoils K, which are in eireuit -
with a generator which supplies the carrent

75~

8o

that maintaing the field of foree. Intheusual.

construction of these machines the armature-
conductor L is carried by a suitable frame,so
as Lo be rotated in face of the magnets J J or
between these magnets and another similar

85

set in face of them. The magnets are ener-

gized so as to be of alternately-opposite po--
larity throughout the series, so that as the
conductor O is rotated the current impulses

9o

combine or are added to one another, those -

produced by the eonductor in any given posi- -

tion being all in the same direction. Toadapt:

sach & machine to my system, I add a second.

.set of induced condunctors M, in all respects

similar to the first, bnt so placed with refer-..
ence to it that the eurrents produoced in each
will differ by a quarter-phase. With spch re-
lations it is evident that as the current de-
creases in conduetor L it increases .in’ con-
dnetor M, and econversely, and that any of the
forms of motor invented by mefor use in this
system may be operated by such generator.
Fig. 4 is intended to show a motor corre-
sponding to the machine in Fig.3.. The con- -
struction of the motor is identical with that

‘of the generator, and if coupled thereto it will

ran synchronously therewith. J’ J/ are ‘the -
field-magnets, and K’ the coils thereon, L’ig
one of the armature-conductors and M’ the
other. ' '

95:
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Fig.5 shows in diagram other forms of ma-
chine. The generator N in this case iy shown -

as consisting of a stationary ring O, wound
with twenty-four coils P P/, alternate coils
being conrected in series in two cireuits.
Within this ring is a disk or drum Q, with
projections Q' wound with energizing-coils in-
cluded in circuit with a generator R. By driv-
ing this disk or eylinder alternating currents -
are prodaeed in the coils P and P!, which nre .
carried off to run the several motors, =
The motors are cowposed of a ring or an-
nular field-magnet 5, wound with two sets of
energizing-coils T T”, and armatures U, hav-
ing projections U’ wound with coils V, all
connected in series in a closed cirenit or each
closed independently on itself, o
Suppose the twelve generator-coils P nre
wound alternately in opposite directions, so
that any two adjacent coils of the same set
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tend to produce a free pole in the ring O be-
tween them and the twelve coils P’ to be
similarly wound. A single revolution of the
disk or eylinder Q, the twelve polar projee-
tions of which are of opposite polarity, will
therefore produce twelve current impuises in
each of the circuits W W’, ‘Hence the motor
X, which has sixteen coils or eight free poles,
will make one and a half turns to the gener-
ator's one. The motor Y, with twelve coils or
six poles, will rotate with twice the speed of the
generator, and the motor Z, with eight eoils or
four poles, will revolve thres times as fast as
the generator. These multipolar motorshave
& peculiarity which may be often utilized to
great advantage. For example, in the motor
X, Fig. 5, the eight poles may be either alter-

.nately opposite or there may be at any given

time alternately two like and two opposite
poles. This is readily attained by making
the proper electrical connections. The effect
of such a change, however, would be the same
as reducing the number of poles one-half,
and tbereby doubling thespeed of any given
motor. In these and other respects it will be
seen that the invention. involves many im-
portaunt and valuable featares. .

It is obvions that the electrical transform-
ers described in prior patents to me and
which have independent primary eurrents
may be used with the generators herein de-
seribed. -

It may be stated with respect to the de-
vices hereinafter sef forth thatthe most per-
fect and harmonious action of the generators
and motors is obtained when the numbers of
the poles of each are even and not odd. If
this is not the ease, there will be a certain

~ unevenness of action whioh is the less appro-

40

45

ciable as the number of poles is greater; but
even this may be in a measure corrected by
special provisions which it is not here neces-
sary to explain. It also- follows, as & matter
of course, and from the above it is obvious,
that if the number of the poles of thé motor
be greater than that of the generator the mo-

tor will revolve at a slower speed than the
genarator, .

What I claim as my invention is—

1. The combination, with an alternating-
current generator comprising independent
armature-circuits formed by condnctors al-
ternately disposed, so that the currents de-
veloped therein will differ in phase, and field-
magnet poles in excess of the number of arma-
ture-eirenits, of a motor having independent
energizing-circuits connected to the armature-
eireuits of the generator, substantially as set
forth,

2. The combination, wilth s source of alter-
nating currents which differ in phase and com-
prising a rotating magneto-electric machine
vielding agiven number of current impulses
or alternations for each turn or revolation, of
& motor or motors having independent ener-
gizing-circoits through which the said enr-
rents are caused to flow, and poles which in
number are less than the number of current
impulses produced in each motor-circuit by
one turn or revolution of the magneto-ma-
ching, as set forth. :

8. The combination, with a multipolar al-

| ternating-ourrent machine having independ-
ent induced or cnrrent-generating circuits, of

motors having independent energizing-eir-
cuits and a smaller number of poles than the
generator, as set forth.

4. The combination, with an rlternating-
current generator having independent in-
duced circuits and constructed or adapted to
produoce & given number of carrent impulses
or alternations for each turn or revolution, of

50
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6o

65

7o

75
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motors having corresponding energizing-cir- -

cuits and poles which in number are less
than the number of current impulses pro-
duced in each cireuit in a turn or revolution
of the generator,as set forth.

' NIKOLA TESLA.
Witnesses:

FRANK E. HARTLEY,
" IFFRANK B, MURPHY.
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UNITED STATES

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

PaTeNT OFFICE.

ASSIGNOR 10O THE TESLA ELECTRIC

COMPANT, OFF SAME PLACE.

ELECTRICAL TRANSMISSION OF POWER.

BFECIFICATION forming pavt of Letters Patent No. 511,659, dated December 26, 1893,
Applisation filed December 8, 1888, Serial o, 299,061, (No model)

To al_Z whom it may concern:
_ Beit kpown that I, NIkoLA TESLA, a sub-
Ject of the Emperor of Austria-Hangary, from
Smiljan, Lika, border country of Austria-Fon-
5 gary, residing at New York, in the county
and State of New York, have invented cer-
tainnew andusefnl Improvementsin the Elec-
trical Transmission of Power, of which the
following is a specification, reference being
1o had tothe drawings accompanying and form-
ing apart of the same,

In certain patentsheretofore granted, I have
shown and described a system of electrical
power transmission, in which each motor con-

15 tained two or more independent energizing
.cirenits throngh which were caused to pass al-
toroating eurrents, having in each cireuit sueh
a difference of phase that by their combined
orresultantaction they produced a rotary pro-
zo gression of the poles or points of maximum
magnetic effect of the motor and thereby
maintained the rotation of its movable ele-
ment. In the system referred to and de-
soribed in said patents, the production or
25 goneration of the alternating currents upon
© the eombined or resulant action of which the
operation of the system depends, is effected
by the employment of an alternating current
generator with independent indaced cirenits
3o which, by reason of the winding or other con-
struetion of the generator produced currents
differing in phase, and these currents were
conveyed directly from the generator to the
corresponding motor coils by indepondent
35 lines orcireuits, Ihave, however, discovered
another method of operating these motors,
which dispenses with one of the line cireuits
and enables me to run the motors by means
of alternating currents from a single original

40 source.

Brpa.dly stated this invention consists in
passing alternaling eurrents, obtained from
one original source, through both of the en-
ergizir .- eirenits of the motor, and retarding

45 the pl. ey of the enrrent in one cireuit te a

greatc w le_ss extent than in the other.
Th: istribution of carrent between the
two .- cr cirenits may be effected by indue-

tion o: oy derivation. In other words,I may
50 pass ti.¢ alternating current from the soutce
through one energizingeireunit and induce by

such eurrent o second current in the other
eunergizing cirenit. Or, on the other hand, I
may connect up the two energizing cirenits

of the motor in derivation or multiple are 55
with the main eircuit from the source. In
either event I make due provislon for main-
taining a difference of phase between thecur-
rents in the two cirenits or branches.

In earrying out my invention I have used 6o
various means for securing this result. For
example, when I induce a current in one of
the circuits from the current flowing in the
other, I employ a form of converter or bring
the two circuits into such inductive felations 65
as will produce the necessary difference of
phase, Or, when I obtain the two energizing
currenis by derivation, T make the two eir-
cuits of different degrees of self induction by
inserting a resistance o¢r a self induction coil jo
in one of said eirenits, orI combine these de-
vices in different ways as I shall morespecifi-
cally describe hereinafter.

Theaceompanying drawings to which Inow

-refer in forther illustration of my invention, 73

are a series of diagrams illustrating, not the
specitic construction of the particular devices
which I may or may not have used, but rather,
the electrical connections and relatious to be
adopted in earrying out the present system 8o
by means of devices which are now well
kanown.

Figure 1is a diagram illostrating the meth-
od of operating the motors by indueing one of
the energizing currents by the other. Fig.2 83
is a similar diagram of the method of operat-
ing the motors where the two energizing cur-
rents are obtained by derivation from a sin-
glesource. Tig. 8isa modified application of
this prineiple.

Referring to TFig. 1 let A represent the
source of alternatibg currents which are to
be utilized in operating the motor or motors.
It will be understood that considered as a
soures of current it may be either a primary g5
or secondary generator.

B B designate the conduoctors of the eirenit
whieh convey the alternating currents to one
or more motors. The motor has two energiz-
ing eirenits,or sets of coils CD. One of these
cirenits as C is connected directly with the
cirenit B. The other set of coils as D, is con-

oo
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“trieal transformer or induetion coil T.

10

s

20

iteeted up in the secondary circait of an ei‘rilc-
The
primary coil P of this transformer, is included
inthecirenit B. The alternations of ecurrent
in the circuit B tend to establish in their pas-
sage through the coils C, a polarity at right
angles to that set- up by the coils D, and if

- the carrents in the two sets of coils aceorded

in their phases, no rotary effect would bs pro-
duced. Baut the secondary current developed
in the coil P’ of the transformer, will lag be-
hind that in the primary which lag or re-
tardation may be increased as I have shown
in another application, to a sufficient extent
to practically obtain the same resultas though
two independent alternating currents were
used to energize the motor. S

In Fig. 2 the two energizing circuits of the
motor are shown eonnected in multiple arc
to the eircuit B B, and in one of these circuits
is & resistance R. Assuming the two motor
cireunits to have the same self induetion and
resistance no rotary effect will be produced

. bythepassage through them of an alternating

25

30

35

40

current from the source A. But'if oneof the
motor circuits, as C, be varied or modified by
the introduction of a dead resistance R, the
self-induction of that cireuit or branch is re-
duced, and the phases of current therein re-
tarded to a correspondingly less extent. "The
relative degrees of retardation of the phases
of the current in the two motor cirenits with
respect to those of the unretarded enrrent in
the cirenit B thus produced, will set up a ro-
tation of the motor which may be practically
utilized for many purposes.

In Fig. 8, the arrangement of the parts is
similar to that shown in Fig, 2, except that a
self-induction coil as S is introdnced into one
branch or energizing cirenit of the motor.
The effect of thus increasing the self-indue-
tion in one of the eircuits is to retard the
phases of the current passing therein to a

| self-induetion coil in the other.

greater extent than in the other cirenit, and
in this way to secnre the necessary difference 45
in phase between the two energizing currents
to produce the rotation of the motor.

In an application filed, of even date here-
with, I have shown and deseribed other ways
of accomplishing this result, among which
may be noted theintroduction of a resistance
capable of variation in each motor eireuit, or
the use of & resistance in one circunit and a

50

In the above description I have referred
mainly to motors with two energizing cirenits,
but it is evident that the invention applies
equally to those in which there a¥e morethan
two of such cirenits, the adaptation of the
same being a matter well understood by those
skilied in the art. _

I do not claim in this applieation the spe-
cific devices employed by me in carrying ount
the invention, having made these the sub-
jeets of other applications, ‘

What I claim herein is— =

1. The method of operating motors having
independent energizing cirenits, as herain set
forth, which consists in passing alternating
enrrents through both of the said cirenits and
retarding the phases of the eurrent in one

6_c

65

10

‘eireuit to a greater or less extent than in the

other.

2. The method of operating motors having
independentenergizing circuits, as herein set
forth, which eonsistsin directing an alternat-
ing eurrent from a single source through both
cireuits of the motor and varying or modify-
ing the relative resistanceorself-induction of
the motor cirenits and thereby producing in
the currents differences of phase, as set forth.

NIKOLA TESLA.
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‘Witnesses:
FRANE E. HARTLEY,
FRANK B, MURPHY.
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UNITED STATES

NIEGLA TESLA, OF NEW YORK, N. Y,

PATENT OFFICE,

ASSIGNOR TO THE TESLA ELECTRIC

COMPANY, OF SAME PLACE.

SYSTEM OF ELECTRICAL POWER TRANSMISSION.
SPECIFICATION forming part of Letters Patout No. 511,560, dated December 26, 1883,
Application filed Decoraber 8, 1888, Berial No, 203,068, (No model)

Yo all whom it may concern:

Be it known that I, N1KoLA TESLA, a sub-
jectof the Emperor of Austria-Hungary, from
Smiljan, Lika, border countryof Austria-Hun-

5 gary, residing at New York, in the county
and State of New York, have invenied cer-
tain new and nseful Improvements in Sys.
tems of Ilectrical Power Transmission, of
which the following is a specification, refer-

10 ence being had to the drawings aceompany-
ing and forming a part of the same,

Ineertain patents heretofore granted,I have
shown and deseribed a system of electrical
power transmission in which each motor con-

15 tained two or more independent energizing
circuits through which were cansed to pass
alternating onrrents having in each -circuit
snch difference of phase that by their com-
bined or resultant action they produced a ro-

ro tary progression of the polesor points of max-
imum magnetic effect of the motor and there-
by maintained the rotation of its mmovable
element. In the system referred to and de-
seribed in the said patents the produetion or

25 generation of the alternating currents, upon
the combined or resultant effect of whichthe
operation of the system depends, is effected
by the employment of an alternating carrent
generator with independent induced cirenits

30 which, by reason of the winding or other con-
struction of the generator, producescurrenis
differing in phase, and these currents ave con-
veyed directly from the generator to the cor-
responding motor coils by independent lines

35 or cirenits, I have, however, discovered that
I may produce the same or a similar result
by an alternating current from a single origi-
nal source using batween the generator and
motors but one line or trapnsmission eirenit.

4o DBroadly stated, this system or method in-
volves a source of alternating or equivalent
currents, a singla transmission eirenit, a mo-
tor baving independent energizing circuits
connected with or adapted for econnection

45 with the transmission eireunit, means for ren-
dering the magnetic effects due to the ener-
gizing cirenits of different phase, and an ar-
mature within the infinence of the energiz-
ing eirenits; the means foraceomplishing this

so result being of such anature as to retard the
current in one energizing cireuit to & greater

or less extent than in the other. The distri-
bution of the main ororiginal eurrent through
the two motor circuits may be effected by in-
duetion or by derivation. In other words,I ;3
may pass the alternating current fromn the
source through one energizing cirenit, and in-
dnea by sueh carrent a second eurrent in the
other energizing cireuit. Or, on the other
hand, I may connect up the two energizing éo
cireuits of the motor in derivation or mnlti-
ple arc with the main cireuit from the soures.
IneithereventI make due provision for main-
taining a difference of phase between the enr-
rents in the two eirouits or branches. 6%

In an application filed by me May 15,1888,
Serial No. 273,993, I haveshown and deseribed
the means which I have employed for secar-
ing this result by inducing one energizing
curreat from the other. 70

My present application relates to the means
employed when the two energizing eurrents
are obtained from a single original source by
derivation.

In explanation of what appears to be the 75
principle of the operation of my invention
and of the functions of the several instru-
mentalities comprised thereby, lot it Le as-
sumed that the two energizing cireuits of an
alternating enrrent wotor, snch, for exampls, 8o
as T have deseribed in my Patent No. 382,280,
dated DMay 1, 1888, are connected up in deri-
vation or wultiple arc with the conductors
of a circuit including an alternating eurrent
generator. It is obviousthatif both eirenits 8g
are alike and offer the same resistance to the
passage of the eurrent no rotary sffect will be
prodneed, for althongh the periods of the eur-
vents in both eircunits will lag or be retarded
to a cortain extent with respect to an un- go
retarded current from the main circuit, their
phases will coincide. If, however, the coils
of one circuit have a greater number of con-
volutionsaround Lhe cores, or o self indnction
coil be inclnded in one of the cireuits, the g3
phases of the current in that cireuit are re-
tarded by the increased self induetion, The
degree of reterdation may readily be secured
by these means which will produce the dif-
ference in electrical phase betwean the two roo
currents neeessary for the practieal operation
of the motor. If in lien of increasing the
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self induetion of one cirenit a dead resist-
ance be inserted, the self induction of snch
cirenit exerts a correspondingly diminished
effect, and the phases of the ¢urrent flowing
in that branch are brought more nearly in
unison with those of an unretarded current
from the main line and the necessary differ-
ence of phase between the ourrents in thetwo
energizing circuits thus secured. ' I take ad-
vantage of these results in several ways.
For example, I way insert variable resist-
ances in both branches or energizing cirenits
and by varying one or theother so as to bring
the phases of the two currents more or lessin
unison with those of the nnrefarded current,
I may thus vary the direction of the rotation
of the motor, In lien of resistances I may
employ variable self induction coils, in both
cirenits. Or I may use a resistance in one
and a self indnoction eoil in the other and vary
either or both., This system or means of op-
erating the motors is rendered of great prac-
tieal value by employing an armature wound
with energizing ¢oils closed npon themselves,
in which eurrents are induced by the alter-
nating currents passing in the field coils that
serve to greatly increase the mutual attraet-
ive effsct between the armature and the field
magnets. This use of the armatare with
_closed coils I regard as an important feature
of my invention. These several features of
the invention I shall now deseribe more in de-
tail by reference to the accompanying draw-
ings.

Figure 1 is a diagram of the system in
which the motor coils or energizing oircenits
arein derivation to the main line with a dead
resistance inserted in one cirenit. Fig. 2 is
a diagram showing dead resistances in both
motor cireunits. - Fig. 3 ia a diagram showing
a self indmetion coil in one motor ciremit.
Fig. 4 is a diagram showing a dead resistance
in one circnit and a self induetion coil in the
other. Fig. 5in like manner skows a self in-
duction coil in each motor oircuit. TFig. 6 is
a diagram showing the two motor circuits of
different electrical character. Fig. 7is a dia-
gram illustrating means for varylog at will
the electrical character of the motor eirenits.

Referring to Fig. 1, A designates & snitable
gource of alternating carrents and B B the
line wires running therefrom. It will beun-
derstood that the generator A may be a pri-
mary or secondary generator, and the line B
B may be the main transmission circuit or a
loeal circuit from a transformer connected
at any point in the line of a main or trans-

mission cirenit. Tor convenience in this

cage, it will be considered as a line from a |

given source of current to one or more motore.
The motor containg a given number of pole
pieces wound with two sets of coils C and D.
The armature is wound with permanently
closed energizing coils E in which eurrents
 are developed by induetive action when the
motor s in operation which magnetize the
armature core and greatly increase the effi-

cieney of the motor. Assuming the two mo-
tor cirenits to have the same degree of self
induetion and resistanee no rofary effeet will 7o
be produced by the passage through them of

an alternating current from the source A.
But if in one of the motor cirenits, as D, a
dead résistance represented by R be intro-
dueed, the self indnction of that eirenit or 45
branch is reduced and the phases of current
therein retarded to a eorrespondingly less
oxtent. The relative degrees of retardation

of the phases of the current in-the two motor
circuits with respect to those of an unretarded 8o
current from the cireunit B thus produced will
set up a rotation of the motor which may be
practically ntilized for many purposes.

If, as in Fig. 2, a dead resistance B, R’ be
introduced into each motor eireuit, no rotary 85
affect will be produced as long as the resist.
anoes are equal, but by varying the resist-
ance in one circuit the retardation of the cur-
rent in that cirenit will be varied, and corre-
sponding effects produced. For oxample, a go
reduction of the resistance in one cirenit im-
parts to the motor rotation in one direetion
while n reduction of the resistaunce in the
other circuit will produce. a rotalion in the
opposite direction. By means of the two ro- g5
sistances, therefore, capable of varistion or
of being bodily withdrawn. from or inserted
in the circuits by any well known means, a
perfect regulation of the motors.is securad.

In Fig. 3 the arrangement of all the parts 1co
is similar to that shown in Fig. 1 excaptthat
a self induection coil as § is introduced into
ong branch or energizing circuit of the motor.
The effect of thns increasing the self induc-
tion in one of the cirenits is to retard the 1oy
phases of the eurrent passing therein to a
greater extent than in the other cireuit -and
in this way to secure the necessary differance
in phase between the two energizing currents
to produce the rotation of the motor. 110

In Fig. 4 a self induction coil S is ineluded
in oneof the motorcirenits and a dead resist-
ance R in the other. The increased self in-
duection in ons cirenit thus produced acts to
increase the difference of phase between the 113
current in snclr motor cirenit and the unre-
tarded ecurrent in the main line B. Qi the
other hand, the introduction of the dead re-
gistance in the other motor cireuit rednces the
retardation and brings the phases of thecur- 120
rent therein more clogely in accord with those
of the unretarded current, thus producing a
correspoudingly greater difference of phase
between the two currents in the energizing
cirouits C and D. 125

In Fig. 5, two self induction coils S, 8’ are
shown, one in each motor or energizing eir-
cnif. Oneof thesecoils as 8’is moch smaller
than the other and has less self induction or
counter electro motive force than the other, r3e
80 that the phasges of carrent will be retarded
to a less extent than in the other. The two
self induoction coils may be of the same ohar-
acter or size if it iz desired to use but one at
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& time:for the purpose of reversing the motor,
or if they be constructed in well known ways
so that they may be varied.

In Fig. 7 the usnal means for varying the
resistance or self-induction of the motor cir-
cuits at will are indicated by the lever M slid-
ing over & series of resistance plates, and by a
core N which is adapted to be moved in and
ouf of the induetion eofl 8.

Similar results may be secured by such a
constroction or organization of the motor as
will yield the necessary differences of phase.
For example, one set of energizing coils may
be of finer wire than the other, or have a
greater number of convolutions, or each cir-
enit may contain the same number of convo-
lutions, but composed of different conduetors,
as, for instance, one of copper, the other of
German silver. 1 have represented this in
Fig. 6, in which the eoils C are indicated by
closer lines than coils D.

Thereareother waysof varying theretarda-
tion due to the self induction in the two ener-
gizing eircuits. Forexample, the motor coils
may be all alike, but those of one energizing
cirenit connected in parallel while the others
are connected in series, or the eonnection in
each e{lhgiziug cireait may be alike, but the
earrents directed through them may be of
different strength, as when one of the ecur-
ronls is supplied from a source of higher elee-
tre-motive force.

In the above description I have referred
mainly to motors with two energizing eircuits,
but it is evident that the invention applies
equally to those in which thefeare mora than
two of such ecireunits, the adaptation of the
same belng a matter well understood by those
gkilled in the art.

In using in the claims the term aotive re-
sistance as applied to the motor cirenits in
this case, it will be understood that the term
refers to the opposing or retarding force ex-
isting in the circuits to the passage of the al-
ternating currents. Thus, the two cirerits
may have the same dead resistance, but dif-
ferent degrees of self induction.

What I claim as my invention is-—

1, The combination with a source of alter-
pating currents, and a eircuit from the same,
of a motor having independent energizing eir-

euits connected with the said eirenit, and |l

means for rendering the magnetic offects due
to said energizing cirenits of different phase
and an armatuare within the influence of said
energizing cireuits.

2. The combination with a sonrce of alter-
nating currents and a circnit from the same,
of a motor havingindependent energizing eir-
cuits conneeted in derivation or multiple are
with the said cireuit, the motor or energizing
eireuits being of different eleotrical character
whereby the alternating currents therein will
have & difference of phase, as set forth.

3-The combination with & source of alter-
nating eurrents and a circuif from the same,
of amotorhavingindependent energizing cir-
cuits connected in derivation or multiple are
with the said cireunit and of different active
resistance, as set forth.

4. Iu an alternating carrent motor, the com-
bination with feld magnets, of independent
energizing cirenits, adapted to be connected
in multiple are with the condnctors of the
line or transmission circuit and a resistance
or self induection coil in one or both of tha
said motor cirenits, as set forth.

5. Inan alternating current motor, the com-
bination with the field magnets or cores of in-
dependent energizing coils.adapted to be con-
nected in multiple arc with.the lime or trans-
mission circuit, and a variable resistance or
self induetion coil included it one.orboth of
the motor circuits as set forth. -

6. Inan alternating ourrent motor, the com-
bination with the field magnets or eores and
independent energizing circuits of different
active resistance and adapted to be connected
with the line or transmission e¢irenit, of an
armature wound with closed energizing coils
or conductors, as set forth,

7. The combination of a generator of alter-
nating currents, & pair of mains connected
thereto, a multiple circnit differential phase,
and an electric motor having one cirenit con
nected directly to said mains, and {he other
cireuit connected to said mains through an
interposed electro-motive phase-changing de-
viceadapted to change the tima period of the
currents passing through it

NIKOLA TESLA.

Witnesses:

FrANK E. HARTLEY,
FRANE B. MURPHY.
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1960,

Correction in Letters. Patent No. 511

It is hereby certified that in Letters Patent No. 511,560, granted December 26, 1893,
upon the application of Nikola, Tesla, of New York, N. Y., for an improvement in
*Bystems of Electrical Power Transmission,” an error appears in the printed specifica-
tion requiring correction, as follows: In line 95, page 3, the words “and an * should
be stricken: out; and that the said Letters Patent should be read with this correction
therein that the same may conform to the record of the case in the Patent Ofiice,

Signed and sealed this 9th day of June, A. D., 1003, '

[sEAL.] _ F. I ALLEN,

Commissioner of Putents,
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