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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-
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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
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Ag a resalt of the well-known |
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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
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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-
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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
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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
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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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