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TRANSMISSION OF POWER.

THE MULTIPHASE OR POLYPHASE SYSTEM.

Tesla Patents.

There are to-day thousands of waterfalls with millions of horse
power of energy going to waste for lack of economical means of
transporting such power to places of use.

Each horse power of work for ten hours for each working day
requires, through a steam engine, about six tons of coal per annum,
so that the development and utilization of these inexhaustible
sources of power will be equivalent to the saving of millions of tons
of coal each year, and will thus assist in solving the problem of
conserving our enormous, but exhaustible, fuel supply.

The means for transporting this power and delivering it in suit-
able form for commercial uses is found in recent applications of
electricity. Through the developments already made, electric
energy is now available for lighting, for the distribution of power
and for heating. The wide extent of its successful application to
lighting, and the distribution of power are familiar to every one, and
its utilization in heating bids fair to make this method a formidable
rival of coal in the vicinity of water powers.

The introduction of successful methods of utilizing these natural
sources of power will not only meet the present demands of cities
within a suitable radius, but it may be safely predicted that there will
be a rapid building up of industries in such localities, and a conse-
quent shifting of centers of population, with also a development of
industries which have heretofore lain dormant on account of the
cost of power.

When the Westinghouse Electric Company was formed, foreseeing
that by alternating currents only could electrical energy be trans-
mitted over long distances, we made the alternating system a
specialty, and to that end secured the Gaulard and Gibbs inventions,
and many other fundamental ones bearing on this important field,
which field bhad theretofore been considered unworthy of more than
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experimental attention. Prior to our operations the alternating
system had been emphatically condemned as uncommercial by the
most eminent engineers of the world, almost without exception ;
but, in the face of unusual opposition, we succeeded in rapidly
introducing a comprehensive system for lighting, which not only
proved a successful competitor of other systems, but by its flexibility
and adaptation to great distances, has opened up and developed
extensive fields which could not otherwise have been occupied. The
success of alternating current for lighting led us to seek a solution
of the problem of distributing power by the same currents.

In the course of our investigations into the subject of power
transmission we came upon the inventions of Mr. Nikola Tesla, now
so well known for his remarkable achievements, and recognizing
the value and originality of his discoveries, and the fundamental
character of his patents, at once secured the exclusive right to
manufacture and sell apparatus covered by these patents, with a
right to any further inventions Mr. Tesla might make relating
thereto. We thereupon immediately began to develop and determine
the best forms of apparatus required to solve the problem of power
transmission, and we have during the past five years worked
unceasingly, and at very great expense, with the result that we are
now able to undertake the manufacture of apparatus to meet any
case that may be presented to us.

The system we offer is an alternating-current one, now known as
the “ Maltiphase” or * Polyphase System,” which is the original
discovery of Mr. Tesla, and is so fully covered by his patents that
we deem it a duty to those contemplating the use of such apparatus
to direct their attention to a selection of Mr. Tesla’s patents
presented herewith. It is worthy of especial note that the originality
of Mr. Tesla’s discoveries has not been disputed by any manu-
facturer of electrical power transmitting apparatus.

WESTINGHOUSE ELECTRIC & MANUFACTURING Co.

Pittsburgh, Pa., January 16th, 1893.
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PATENT OFFICE.

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

ELECTRO-MAGNETIC MOTOR.

SPECIFICATION forming part of Letters Patent No. 381,968, dated May 1, 1888.
Applicatien Sled October 12,1287, Serial No. 252,132, (No model.)

To all whom it may conocern:

Be it known that I, NIkoLA -TESLA, from
8miljan Lika, border country of Austrie-Huu-
gary, residing.at New York, N. Y., bave in-

5 vented certain new and useful Improvements
in Electro-Magnetic Motors, of which the fol-
lowing is a specification, reference being had
to the druwings accompanyiog and forming a
part of the same,

10 _The practical solution of the problem of the
electricn! conversion and transwmission of me-
chanical energy involves certain requirements
which the apparatus and systems heretofore
employed have not been capable of falfilling.

15 Such a solution, primarily, demauvds a uni-
formity of speed iu the motor irrespoctive of
its load within its iormal working limits. On
the other hand, it is necessary, to attain a
greater econoiny of conversion than has here-

20 tofore existed, to construct cheaper and more
reliable and simple apparatus, and, lastly, the
apparatus must he capable of easy manage-
meat, and such that all danger from the use of
currents of high tiexion, whiit;l;l are neoel;

25 sary to an econom transmission, may

s avolded.

My present invention is directed to the pre-
duction and improvement of apparatas capa-
ble of more nearly meeunf these requirements

30 thanthose heretofore available, and though I
have described various means for the pm;pose,
they involve the same main priuciples of con-
straction and mode of operation, which may be
described as follows: A ‘motor is employed in

35 which there are two or more independent cir-
cuits through wiblch w:ll:irng cnrrent; are
passed at properinte nthg maaner here-
inafter described, for the purpose of effecting
ap ive shifting of the magnetism or of

40 the *‘lines of force’’ in dccordance with the
well-known theory, and a consequent action
of the motor. It is obvious that a proper

ressive shifting of the lines of foroe may
g: utilized to set up a movement or rotation

48 of either element of the motor, the armature,
or the field-magnet, and that if the currents
direeted through the several circuits of the
motor are in the proper direction no commu-
tator for the motor will be required; but to

so avoidall the usual commutating appliances in

the system I prefer to conuect the motor-eir-
cuits directly with those of a suitable alter-
nate-current generator. The practical results

of such a system, its economical advantages,
and the mode of its coastruction and opera- ss
tion will be described more in detail by ref-
crence to the accompanyiug diagrams and
drawings. -

Figures 1 to8and 1* to 8, inclusive, are dia-
grans illastrating the principle of the action 6¢
of my invention. The remaining figures are
views of the apparatus in various forms by
means of which the invention may be carried
into effect, and which wiM be described in
their order. . i 6
Referring first to Fig. 9, which isa diagram-
matic representation of a motor, a generator,
and cennecting-circuits in accordance withmy
invention, M is the motor, and G the gener-
ator for driving it. The motor comprises a 70
ring or annulus, R, preferably bailt up of .
thin ivsalated iron rings or annular plates, so
as to be assusoeptihleas possible to variations
in its magnetic vondition. This ring is sur- .
rounded by four eoils of insulated wire sym- 7
metrically placed, and designated by COC O.
The diametrically-opposite coils are connected
up 8o as to co-operate in pairs in producing
free poles on diametrically-opposite parts of
the ring. The four frée ends thus left are con- .80
nected to terminals T T T’ T, as indicated.
Near the ring, and preferably inside of it, there
is mounted on an axis or shaft, 4, & magnetic
disk, D, geaerally circular in shape, but hav-
ing two segments cut away, as shown. This 85
2::: g.m%::tod -o,‘:obo gu;: frtgely witr!aiin the

e generator of any ordinary
type, that shown in the present instance hav-
ing fleld-magnets N 8 and a cylindrical arma-
ture-core, A, wound with the two coils B B'.
The free ¢éads of each coil are carried thro
the shaft @’ and connected, respectively, to in-
sulated coutact-rings d d ¥ ¥'. Any conven-
ient form of collector or brush bears on each
ring and forms a terminal by which the car-
rent to and from a ring is conveyed. These
terminals are connected to the terminals of
the motor by the wires L and L’ in the man-.
ner indicated, whereby two complete circuits
are formed—one including, say, the coils B of 100
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the generator C' (' of the motor, and the other
the remaining coils B’ and C Cof the generator
and the motor. )
It remains now to expTain the mode of op-
s eration of this systcin, and’ for this purpose I
refer to the diagrams, Figs. 1 to 8, and 1* to 8%,
foranillustration of the various phases through
which the coils of the generator pass when in
operation, and the corresponding and.result-
10 sut magnetic changes produced in the motor..
The revolation of the armature of the gener-
‘ator between the field-maguoets N 8 obviously
produces in the coils B B’ alternating curren
the intensity and direction of which depen
15 upon well-known laws. 1In the position of the
coils indicated in Fig. 1 the current 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 indicated in the de-
20 scription of Fig, 9 the circnit including this
coil B’ may also include, say, the coils C C 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' 8.
25 The same order of connections being observed
between the coil B and the coils C, the lattez,
when traversed by a current, ten& to fix the
les at right anglesto theline N 8 of Fig. 12,
t results, therefore, that when the generator-
30 coils have made one eighth of a revolation,
reaching the position shown in Fig. 2, both
pairs of coils C and C' will be traversed by
cnrrents and aet in ofsposition. in 8o far as the
location of the poles is concerned. The posi-
35 ton of the poles will therefore be the result-
ant of the magnetizing forces 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 geuerator.
40 In Fig. 3 the armature of the generator has
progressed to one quarter of a revolution. At
the point indicated the current in the coil B
i8 maximnm, while in B’ it is nil, the latter
. cofl being in its neutral position. The poles
45 of the ring R in Fig. 8 will, in' consequence,
De shifted to a position ninety degrees from
that at the start, as shown. have in like
manner shownrthe-conditions existing at each
successive eighth of oue revolution in the re-
so maining figures. A short reference to these
figures will suffice foran understanding of their
significance. Figs. 4 and 4* illustrate the con-
ditions which exist when the generator-arma-
ture has completed three eighths of a revolu-
ss tion. Here both coilsare generating current;
bat the coil B', having now entered the oppo-
site field, is generating a current in the oppo-
site direction, having the opposite magnetiz-
ing effect; bence the resultant pole will be on
60 the line N 8, as shown. In Fig. 8 one-half of
one revolution of the armature of the gener-
ator has been completed, and the. resulting
magnetic conditiop of the ring isshown in Fig.
5. In this phase coil B isin the neutral posi-
65 tion while coil B’ is generating its maximum
current, which is in the same direction as in
Fig. 4. The poles will consequently be shifted

]
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through one half of the ring. In Fig. 6thear-
matuare has completed five-eighths of a revolu-
tion. Iu this position coil B’ develops a less
werful carrent, but in the same direction as
fore. Tlie toil B, on the other hand, having
entered a field of opposite polarity, generates
a current of opposite direction. The resnltaot,
poles will therefore bd in theline N 8, Fig. 6,
or, in other words, the poles of the ring will
be shifted along five-eighths of its periphery.
Figs. 7 and 7* in the same maunner illustrate
the phases of the generator and ring at three-
quarters of a revolation, and Figs. 8 and 8* 8o
the same at seveo-eighths of a revolution of
the generator-armature. These figures will
be readily understood from the foregoing.
‘When a complete revolution is accomplished,
the conditious existing at the start are re-es-
tablished and the same action is repeated for
the next and all subsequent revolutions, and,
in general, it will now he seen that every revo-
lation of the armature of the gencrator 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 rotation,
following the thotion of the lines or the points
of greatest attraetion. :
e disk D in Fig. 9 is shown us ent away
on oppositesides; but this, I have found, is not
essential to effecting its rotation, as a eircular
disk, as indicated by dotted lines, is also set
in rotation. Tbhis phenomenon I attribute to
a certaiu inertia or resistance inherent in the
metal to the rapid shifting of the lines of force
through the sanie, which results in a continu-
ous tangential pull npon the disk, causing its
rotation. This seems to be confirmed by the
fact that a circnlar digk of steel is more effect
ively rotated than one of soft iron, for the rea-
son that the former is assumed to possess a
greater resistance to the shifting of the mag-
netic lines. ,

In illustratiou of other forms of my inven-
tion, I shall now describe the remaining figures
of the drawings.

" Fig. 10 is a view in elevation and part ver-
tical section of a motor. Fig. 12 is a top view
of the same with the field in scction and a dia-
gram of connections. Fig. 11 is an end ox
side view of a generator with the fields in see-
tion. This form of motor may be used in place
of that shown above. D is a cylindrical or
drum-armature core, which, for obvious rea-
sons, should besplit up as far as practicable to
prevent the circulation within it of currents
of induction. The core is wound longitudi-
nally with two coils, Eand I¥, the ends of which
are mspectively connected to insulated com-
tact-ringsd d d' ', carried by the shaft a, upon
which the armature is mounted. The arma-
ture is set to revolve within an iron shell, R',
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‘Inich constitutes the field-magnet, of other
{ement of the motor. Thisshell is preferably
>xmed with a slot or opening, r, but it may
© continuous, as shown by the dotted lines,
xad in thisevent it is preferably made of steel.
€ is also desirable that this shell should be
|iwided up similarly to the armature and for
iwnilar reasons. Asa generator for driving
his motor 1 may use the device shown in Fig.
.1. This represents an annular or ring arma-
ure, A, surrounded by four coils, F F F' F', of
which those diametrically opposite are con-
aected in series, 80 that four free ends are left,
which are connected to the insulated contact-
rings bbb’ ¥. The ring is suitably mounted
on a shaft, @', between the poles N 8. The
contact-rings of cach pair of generator-coils
are connected to these of the motor, respect-
ively, by means of contact-brushes and the
two pairs of conductors L L and L' L, as in-
dicated diagrammatically in Fig. 12. Now it
is obvious from a consideration of the preced-
ing figures that the rotation of the generator-
ring producescurrents in the coils F F', which,
being transmitted to the motor-coils, impart to
the core of the latter magnetic poles constantly
shifting or whirling aronnd the core. This
effect sets up a rotation of the armature ow-
ing to the attractive force between the shell
and the poles of the armature, but inasmuch-
as the coils in this case move relative to the
shell or field- magnet the movement of the
coils is in the opposite direction to the pro-
gressive shifting of the poles.

Other arrangements of the coils of both gen-
erator and motor are possible, and a gteater
numberof circuits may be used, as will be seen
in the two succeeding figures.

Fig. 18 is a diagrammatic illnstration of a

» motor and a generator constructed and con-
nected in accordance with my invention. Fig.
14 is an end view of the generntor with its
field-magnets in section. The field of the mo-
tor M is produced by six maguetic poles, G’ G’,

¢ secared to or projecting from a ring or frame,
H. - These magnets or poles are wound with
insalated coils, those diametrically opposite
to each other being counected in pairsso as to
roduce opposite poles in each pair. This
Peaves six free ends, which are connected to
the terminalsT T T" TT” T”. The armature,
which is mounted to rotate between the poles,

is a cylinder or disk, D, of wrought-iron,
nrounted on the shaft a. Two segments of

j5 the same are cut away, as shown. The gen-
erator for this motor has in this instance
an armatare, A, wound with three coils, K
K’ K”, at sixty dégrees apart. The ends of
these coils are conhected, respectively, to in-
5o sulated contact-rings e e ¢ ¢.¢” ¢’. These
rings are connected to those of the motor in
proper order by means of collecting-brushes
and six wires, forming three independent cir-
cuits. The variations in the strength and di-
65.rection of the currents transmitted through
these circnits and traversing the coils of the

7
3

of the resultant attractive force ezerted by
the poles G’ upon the armature D, and conse-
quently keep the armature rapidly rotating.
The peculiar advantage of this disposition
in obtaining a more concentrated and power-
ful field. The application of this principleto
systems involving multiple circuits generally
will be nuderstood from this apparatus.
Referring, now, to Figs. 15 and 16, Fig. 16
is 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 magnetic metal, preferably 8o
cut away at opposite edges, as shown in dot-
ted lines in Fig. 15, is mounted &0 as to turn
freely inside twostationary coils, N’ N”, placed
at right angles to one another. The coils are
preferably wound on a frame, O, of insulating 85
material, and their ends are connected to the
fixed terwinals TT T"T'. The generator G is
a representative of that class of alternating-
current machinesin whichastationaryindaced
element is employed. That shown consista of go
a revolving permanent or electro maguet, A,
and four independent stationary magnets, P
P, wound with coils, those diametricahy op-
posite to each other being connected in series
and having their ends secured to the termi- g5
nalst t Ut. From these termipals the cur-
rents are led to the terminals of the motor, as
shown in the diawings. The mode of opera-
tion is substantially the same as in the previ-
ous cases, the currents traversing the coils of 1
the motor having the effect to turn the disk
D. This mode of carryiog out the invention
has the advantage of dispensing with the slid-
in% contacts in the systemn.

n the forms of motor above described only
orfe of the elemente, the armature or the field-
magnet, is provided with energizing-coils. It
remains, then, to show how both elements may
be wound with coils. Reference is therefore
bad to Figs. 17, 18, and 19. Fig. 17 is an end
view of such a motor. Fig. 18 is a similar-
view of the generator with the field-magnets
in section, and Fig. 19 isa diagram of the cir-
cuit-connections. In Fig. 17 the field-magnet
of the motor consists of a ring, R, preferably of
thin insnated iron sheets or bands with eight
pole pieces, Q’, and corresponding recesses, in
which four pairs of coils, V, are wound. The
diametrically-opposite pairs of coils are con-
nected in series and the free ends connected to
foar terminals, w, the rule to be followed in
connecting beiug the same as hereinbefore ex-
plained. Anarmature, D, withtwo coils, EE,
at right angles to each other, is mounted to ro-
tate in sideof the field-magnet R, The ends of
the armature-coils gre connected to two pairs
of contact-rings, ddd’ &', Fig. 19. The gener-
ator for this mnotor may be of any suitable kind
to produce currents of the desired character.
In the present instance it consists of a field-
magnet, N 8, and an armature, A, with two
coilsat right angles, the ends of which are con-

nected to four coutact-rings, b b ¥’ ¥', carries
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by its shaft.” The circuit-connections are ¢
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tablished between the rings on the generator-
shaft and those on the motor-shaft by collect-
ing brushes and wires,as previously explained.
-Tn order to properly energize the fileld-magnet
5 of the motor, however, the connections are so
made with the armature coils or wires leading

thereto that while the points of greateat at..

- traction or greatest density of magnetic lines
of force upon the armatiire are shifted in one

10 direction those upon thefield-magnet are made
to progress in an opposite direction. In other
respects the operation is ideatically. the same

as in.the other cases cited. Thisarrangement
results in an increased speed of rotation. Ia

15 Figs. 17 and 19, for example, the terminals of
~ eéach set of fleld-coils are connected with the

wires to.the two armature-coils in such way |

that the field-coils will maintain opposite poles
. in advance of the poles of the armature.
<0 In the drawings the field-coils are in shunts
to the armature, but they may be in series or
in independent cireuits.
It is obvious that thesame principle may be
applied to the various typical forms of motor
25 hereinbefore described.
~ Having now described the natare of my in-
vention and some of the varioug ways in which
it is or may be carried into effect, I would call
attention to certain characteristics which the
30 applications of the invention possess and the
advantages which the invention secures.

In my motor, oonxidering for convenience’
t

that represented in Fig. 9, it will be observed
that since the disk D has a tendency to follow
35. continuously the points of greatest attraction,
and since these points are shifted around the
rifn once for each revolution of the armature
[
_ of the disk D will be synchronous with that of
4o the armature A. This feature by practical
demonstrations I have found to exist in all
other forms in which oue revolution of the
armature of the generator produces a shifting
of the poles of the wotor through three hun-
4S dred and sixty degrees.

In the particular construction shown in Fig.
15,0r in others constructed on a similar plan,
the number of alternatiog impulses resulting
from one revolution of the generator arma-

5o ture is double as compared with the preced-
ing cases, and.the polarities in the motor are
shifted around twice by one revolation of the
generator-armature. The speed of the' motor
will, therefore, be twice that of the generator.

55 The same result is evidently obtained by such
o disposition as that shown in Fig. 17, where
the poles of both elements are shifted in op-

posite directions.
n, considering theapparatus illastrated

6o by Fig. 9 as typical 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 telative 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
ﬁﬁ-i—tbe speed of the motor for all the loads

_the motor or generator; fourth, cheapuess and

e generator, it follows that the movement-

tor will be practically constant. It is clearly
apparent that the can never exceed the
arbitrary limit as determiuved by the gemer- ;o
ator, and also that within certain limits at
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 requirementsof 75
a practical system of electrical transmission
of power are realized in my invention. I se-
care, first, a uniform speed under all loads
within the normal working limits of the mo-
tor without the use of any auxiliary regulator;
second, synchronism between the motor and
generator; third, greater officiency by the
more direct application of the carrent, no
commutating devices being required on either

simplicity of mechanical construction and
economy in raintenance; fifth, the capabilit;
of being very easily or controlled;
and, sixth, diminution of danger from injury to
persons and apparatus.

These motorsmay be run in series, multiple
arc or multiple series, under coaditions 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-
tent than I have been able to indicate; but I.
regard as within mi'invention, and I desireto
secure by Letters Patent in general, motors
containing ¥wo or more independent circuits
through which the operating-currents are led
io the manner described. By *‘‘independent’’
I do not mean to imply that the circuits are
necessarily isolated from oue another, for in
some instances there might be electrical con-
nections between them to r:gulate or modify
the ‘action of the motor without necessarily
produciog a new or different action.

I am aware that the rotation of the arma-
tare of a motor woaud with two energizing-
coils at right angles to each other has been
effected by an intermittent shifting of the en-
ergizing effect of both coils through which a
direct current by means of mechanical de-
viees has been transmitted in alternately-op-
posite directions; but this metliod or plan Ire-
gard as absvlufely impracticable for the pur-
poses for which my invention is designed—at
least on any extended scale—for the reasons,
mainly, that a great waste of epergy is neces-
sarily involved unless the number of energiz-
ing-circuits is vegafrent, and that the inter-
ruption and reversal of a carrent of any con-
siderable strength by means of any known
mechanical devices is a matter of the greatest
difficulty and expense.

In this application I do not claim the method
of operating motors which is herein involved,
having made separate application for such
method.

I therefore claim the following:

1. The combination, with a motor contain-
inog separate or independent circuits on the
armature or field -magnet,or both, of an alter-
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n the normal working limits of ¢he mo- | nating-current generator containing induoced
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circn‘illi;s connected independently to corre-

spon 3

tation of the generator })rodneua progressive

shifting of the poles of the motor, as herein

5 described. -

* 2. In a system for the electrical transmis-

sion of power, the combination of & motor pro-

vided with two or more independent magnet-

izing-coils and an alternating-current gener-

10 -ator eontaininf induced coils corresponding to

the motor-coils, and circuits connecting di-

rectly the motor and geuerator coils in such

order that the currents developed by the gen-

erator will be passed-through the correspond-

15 ing motor-coils, and thereby produce a pro-

“gressive shifting of the poles of the motor, as
herein set forth.

3. The combination, with & motor having

ao annalar or ring-shaped field-magnet and a

20 cylindrical or equivalent armature, and inde-

pendent cofls on the field-magnet or armature,

or both, of an alternating-current generator

having correspondingly independent coils,

and circuits including the generator-coils and

25 corresponding motor coilsin such mannerthat

circuits in the motor, whereby a ro- | -gressive shifting of

the rotation of the generator causes a pro-
e poles of the motor in
the manner 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 riog or anniflar field-magnet, which
is provided with maguetizing-coils connected
in diametrically-opposite pairs or groups to 35
independent terminals, a generator having in-
duced cojls or groups of coils equal in number
to the pairs or groups of motor-coils, and cir-
cuits connecting the terminals of said coils to
the terminals of the motor, respectively, and 4o
in such order tbat the rotation of the
ator and the consequent production of alter-
nating currents in the respective circuits tpro-
duees a progressive shifting of the poles of the
motor, as hereinbefore described.

NIKOLA TESLA.
Witnesses:
FrANK E. HARTLEY,
FRANK B. MURPHY.
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To all wlom it muy concern:
Be it kuown that I, Nixora TESLA, from
Smiljan Lika, border country of Apetria-Hun-
gary,now residing in New York,in the county
5 and State of New York,bave invented certain
new and useful Improvemens in Electro-lhﬁ-
netic Motors,of which the following is a speci-
fication, reference being had to the drawings
accompanying and forming apart of the same.
Ip an application filed by me October 12,
1887, No.252,132, 1 have shown and described
a novel form of electro-magnetic motor apd a
mode of ?emﬁng the same, which may be
generally described as follows: The motor is
15 wound with coils forming independent ener-
gizing-circuits on either the armature or field
magnct, or both, (it issufficient for present pur-
poses to consider the case in which the coils
are on the armaturealone,) and these coils are
20 connected up with correspondiog circuits on
an alternating-current generator. As the re-
sult of this, curients of alternately-opposite
direction aresent through the energizing-coils
of the motor in such manuer as totp uce a
25 progresiive shifting or rotation of the mag-
netie poles of the armature. This movement
of the poles of the armature obviounsly tends
to rotate the armature id the opposite dirce-
tion tothat in which thomovement of the poles
30 takes place, owing to the attractive force be-
tween said poles and the field-magnets,and the
speed of rotation increases from the start un-
til it equals that of the generator, sapposing
both motor and geunerator to be alike.
As the poles of the armature are shifted in
& direction og)podbe to that in which tho arma-
ture rotates, it will be apparent that avhen the
normal.speed s attained the poles of the
Jarmature will assumea fixed. position relative
40 to the ficld-magnet, and that in consequence
the ficld-maguets will bo energized by mag-
netic indnction, exhibiting two distinet poles,
one in each of the pole-pieccs. In starting
the motor, however, the 8 of the arma-
45 ture being comparatively slow,the pole-pieces
are subjected to rapid reversals of magnetic
polarity ix?c"t as the speed increnses these re-
versals omo less and.less frequent, and
finally cense when the movewment of the arma-
50 tore become synchronous with that of the gen-

10

35

erator. This being the case,the field-cores and
the pole-pieces .of the motor become a mag-
net, but by induction only.

I have found that advantageous results are
secured by winding the fleld-magnets with a 55
coil or coils and pmin§ a continuous current
through them, thus maintaining a permanent
field, and in this feature my present invention

usists.

0|

1 shall now describe the apparatus which I 6o
have devised for carrying out this invention
and explain the mode of using or operating
the same.

Figure 1 is an end view in elevation of my
improved motor. Fil‘g. 2 is a part horizontal 65
central segtion, and Fig. 3 is a diagrammatie
representation of the motor. and generator
combined and.connected for operation.

Let A A in Fig. 1 represent the legs or pole-
pieces of a field-magnet, around which are 70

.coils B B, incladed in the circoit of a contin-

uous-current generator, C, which is adapted
to impart maguoetism 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
mannuer, ehould be split or divided up into al-
ternate magnetic and insulating parts in the
usual way. This armatare is mounted in non-
magnetic cross-bars E E, secured to the poles
of the field-magnet. The terminals of thear-
mature-coils D D’ are connected to insulated
sliding contact-rings a @ b b,carried by the ar-
matare shaft, and brushes ¢ ¢’ bear upon these
rings to convey to the coils the currents which
operate the motor.

The generator for operating this motor is or
may be of precisely identical construction
and for convenience of referencel have mark
ip Fig. 8 its parts, as follows: F F, the field-
magnets, energized by a continuous current
passing in its field-coils G G; H H’, the coils
carried by the cylindrical armature; dd ee,
the friction or collecting rings, carried by the o5
armasure-shaft and forming the terminals of

75

8s

-the armatare-coile; and f f”, the collecting-

brushes which deliver the currents developed
in the armature-coils to the two cirouits g ¢,
which connect the generators with the motor. 100
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The oporation 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

atter a rotation opposite in direction to that
an which the poles move, If, now, the contina-
ous current be directed, through the field. coils,
80 a8 to atrongly energgze the magnet A A,the
speed of the motor, which depe upon that
of the generator, will not be increased, but the
power which produaces its rotation will be in-
creased in proportion to the energy sapplied
through the coils B B.

It is characteristic of this metor that its di-
rection of rotation is not reversed by revers-
ing the direction of the current through its
field-coils, for the direction of rotation de-
pends not upon the polarity of the field, but
upon the direction in which the poles of the
armature are shifted. To reverse the motor,
the eonnections of either of the circuits g 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
at & certain speed, the motor will not start;
bt if the field be but slightly energized or in
general in such condition that the magnetic
influence of the armature preponderates in
determining its magnetic condition the motor

will start and, with sufficient current, will
reach its maximum or normal speed. ' For this
reason it is desirable to keep at the start and
uatil the motor has attained its normal speed,
or nearly 8o, the field-circuit open or to per-
mit but little carrent to pass throngh it. I
bave fonnd, however, if the fields of the
generator and motor be ‘strongly energized

in synchronism with the generator. Motors
constructed and operated on this principle
maintain almost absolutely the same speed for

all loads within their normal working-limits; 45
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
its motive power be not too greo&is dimio-
ished synchronously with that of the motor.

I have in other applications shown how the
coustruction of these or similar motors may
be varied in certain well-known ways—as, for
instance, by rotating the field about a station-
ary armdture or rotating conductors within g5
the field; but I do not illustrate these features
farther 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 con-
struct.

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

do not claim herein the method of trans-
mitting power which this system involves,
having made it the subject of another appli-
cation for patent. :
What I claim is~ . 70
The combination, with a motor having in-
dependent euergizing or armature circuits, of
an alternating-current generator with corre-
sponding induced circuits connected with the
motor for effecting a progressive shifting of 75
the poles of the mobornrmtnre‘ and a source
of continuous current for energizing the field
of said motor, as set forth.

NIKOLA TESLA.

Witnesses:

FRANX B. MURPHY, ¢

50

that starting the gq,;ento: starts the motor,
and that the specd of ‘the motor is increased

FRANK E. HARTLEY.
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To all whom it may concern:

Be it known that I, NIkoLA TESLA, from
Smiljan Lika, border country of Austria-Hun-
gary,now residing at New York,in the county

s and State of New York, have invented certain
new and useful Improvements in Systems of
Electrical Distribution, of which the following
is a specification, reference being had to the
drawings accompanying and forming a part of

10 the same. i
This invention relates to those systems of
electrical distribation in which a current from
‘a single source of snp&lg in & main or trans-
mitting circait is can to induce by means
15 of suitable induction apparatus a current or
currents in an independent working cirauit or
circuits.
The main objects of the invention are the
same as have been heretofore obtained by the
20 use of these systems—viz., to divide the cur-
rent, from a single source,whereby & number
of lJamps, motors, or.other trauslating devices
may be independently controlled and operated
by the same source of current,dnd in some
25 cases to reduce a current of high potential in
the main circuit to one of greater quantity and
lower potexntial in the independent consump-
tion or working cirenit or circaits.
The general character of the devices em-
30 ployed in these systems is now well under-
stood. An alternating-current magneto-ma-
chine is used as the source of supply. The cur-
rent develo; thereby is conducted through
a transmission-circuit to-one or more distant
35 points at which the transformers are located.
These consist of induction-machines of various
kinds. Insome casesordinary forms of indue-
tion-coil have been used with one coil in the
transmitting-circuit and the other in a local
40 or consumption circuit, the coils being differ-
ently proportioned according to the work to
be done in the consumption-circuit—that is
to say, if the work requires & current of higher
potential than that in the transmission cireuit
4§ the secondary or induced coil is of greater
and resistance than the primary, while,
on the other hand, if a quantity current.of
lower &otent.ial is wantéd the longer coil is
made the primary. .In lieu of these devices

various forms of electro-dynamic induction- so
machines, including the combined motors and
generators, have been devised. For instance,
& motor is constructed in accordance with well-
understood principles, and on the same arma-
ture are wound induced coils which constitute §s
a generator. The motor-coils are generally of
fine wire and thtoogenmmbcoila of eoarser
wire, 80 a8 to produce a carrent of greater
quanlity and lower potential thad the line-car-
rent, which is of relatively high potential, to 6o
avoid loss in long transmission. A similarar-.
rangement is to wind coils corresponding to
those described in a-ring or similar'core, and
by means of a commutator of suitable kind to
re¢t the current through the inducing-coils 65
successively, 80 as to maintain a movement of
the poles of the core and of the lines of force ,
which set up the currents in the induced coils.
Without ennmerati nﬁthe objections to these
systems in detail, it will suffice to say that the 70
eory or the principle of the action or opera.
tion of these devices has apparently been so
little understood that their proper copstruc-
tion and use bave up to the present time been
attended with various difficulties and wglrnt 78
expense. The transformers are very liable to
be injured and burned out, and the means re-
sorted to for curing this and other defects

have almost invariably been at the expense of
8o

efficiency.

The form of converter or transformer which
I have devised appears to be largely free from
the defects and objections to which I have al-
luded. While I do not herein advance any
theory as to its mode of uperation, I would 85
state that, in so far as the principal of con-
struction is concerned, it is analogous to those
transformers which I imve above described as
electro - dynamic induction - machines, except
that it involves no moving parts whatever,and go
is hence not liable to wear or other derange-
ment, and requires no more attention than the
other and moré common induction-machines.

In carrying out my inveution I provide a
series of inducing-coils and eorreslponding in- g5
duced coils, which, by preference, I wind upon
8 core closed upon itself—sach asan annulos or
ring subdivided in the usual manner. The
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Lwo pets of coils are wound side by side orsu-
perposed or otherwise placed in well-known
ways to bring them into the most effective re-
lations to one another and to the core. The
inducing or primary coils wonod on the core

are divided into pairs or sets by the proper |’

electrical connections, so that while the coils of
ome pair or set to co-operate in fixing the mag-
netic poles of the core at two given diametric-
ally-opposite points, the coils of the other pair
or set—assuming, for sake of illustration, that
there are but two—tend to fix the poles ninety
degrees from such points. With this indaec-
tion device I use an alternating-current gen-
erator with coils or sets of coils to correrpond
with those of the converter, and by means of
suitable conductors I connectup in independ-
ent circuits the corresponding aoils of the gen-
erator and converter. It results from this
that the different electrical phases in the gen-
erator are attended by corresponding mag-
netic changes in the converter; or,in other
words, that as the generator-coils revolve the
points of greatest magnetic intensity in the
converter will be progressively shifted or
whirled around. This principle I have ap-
plied under variously-modified conditions to
the operation of electro-magnetic motors, and
in previous applications, uotably in those hav-
ing Serial Nos. 252,132 and 256,561, I have de-
scribed in detail the manner of constructing
aud using such motors. Inthe present appli-
cation my object is to describe the best and
most convenient manner of which Iam at pres-
ent aware of carryingout the invention as ap-
plied to a system of eleetrical distribntion;
but one skilled in the art will readily under-
stand from the description by the modifica-
tions 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-

in

vggnro 1is a diagrammatic illustration of
the converter and the electrical connections of
the same. Fig. 2 is a horizoutal central cross-
section of Fig. 1. Fig. 3is a diagram of the cir-
cuits of the entire system, the generator being
shown in section.

L use a core, A, which is closed upon itself—
that i8 to say, of an annular cylindrical or
equivalent form—and as the efficiency of the
a ;;sncus is largely increased by the subdi-
vision of this core I make it of thin ptrips,
{)lqbes, or wires of soft iron electrically insa-

ated as far as practicable. Upon this core,
by any well-known method, I wind, say, four

' coils, B B B’ B, which I use a8 primary coils,
and for which I use long lengths of compara-
tively fine wire. Over thése coils I then wind
shorter coils of coarser wire, C C C' C, to con-
stitate the induced or secondary coils. The
constraction 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 wipding over the coils a
layer or layers of insulated iron wire.

The device is provided with suitable bind- 70

i:g-posts, to which the ends of the coils are
led. Thediametrically-opposite coils B B and
B’ B'are connected, respectively, inseries, and
the four terminals are conuected to the bind-
ing-posts 1 28 4. The induced coils are con-
nected together in any desired manner. For
example, as shown in Fig. 3, C O may becon
nected in multiple arc when a quantity cur-
rent is desired—as for running a éroup of in-
candescent lamps, D—while may be in-
dependently connected in series in a cirenit
inclading arc lamps or the like. The gener-
ator in this system will be adapted to the con-
verter in the manner illustrated. For exam-

le, in the present case I employ a pair of or-
Sinary permanent or electro tm:gnets, E E,
between which is mounted a cylindrical arma-
tare on a shaft, F, and wound with two coils,
G @'.. The terminals of these coils are con-
nected, respectively, to four insulated countact
or collecting rings, H H H' H, and the four
line circuit-wires L connect the brushes K,
bearing on these rings, to the counverter in the
order shown. Noting the results of this com-
bination, it will be observed that at a given
point of time the coil G is in its neatral posi-
tion and isgeneratinglittle or no current, while
the other coil, G/, is in a 'position where it ex-
erts its maximum effect. Assuining eofl G to
be connected in circuit with coils B B of the
converter, and coil G’ with coils B’ B, it is
evident that the poles of the ring A will be

determined: by coils B’ B’ alone; but as the.

armature of the generator revolves, coil G de-
delops more current and coil G’ less, uantil G
reaches its maximum and G’ its neutral posi-
tion. The obvious result will be to shift the
poles of the ring A through one-Quarter of
its periphery. The movement of the coils
through the next quarter of g turn, daring
which coil G’ enters a field of opposite po-
larity and generates a current of opposite
direction and increasing strength, while coil
@, in pasting from its ‘maximum to its nen-
tral position generates a carrent of decreas-
ing strength and same direction as before,
causes a further shifting of the poles through
the second quarter of the ring. The sec-
ond half-revolution will obviously be a repe-
tition of the same action. By the shifting of
the poles of the ring A & powerful dynamic
inductive effect on the coils C C' is produced.
Besides the currents generated in the second-
ary ooils by dynamo-magnetic inducticwother
currents will be set up in the same coils in con-
sequence of any variations in the intensity of
the poles in thering A. Thisshould beavoided
by maintaining the intensity of the poles con-
stant, -to accomplish which care should be
taken in designing and proportioning the gen-
erator and in distributing the coils in the ring
A and balancing their effect. When this is
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done, the currents are produced by dynamo-

maguetic induction only, the same result be-

ing obtained as though the poles were shifted

by a commutator with an infinite number of
5 ents. :

e modifications which are applicable to
other forms of converter are in many respects
applicable to this. I refer more particularly
to the form of the core, the relative le 8

10 and resistances-of the primary and secondary
coils, and the arrangements for running or op-
erating the same.

The new method of electrical conversion
which this system involves I have wnade the

15 subject of another application, and I do not
claim it therefore herein.

‘Without limiting myself therefore to any
specific form, what I claim js—
- 1. The combination, with a core closed npon

20 itself, inducing 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 o
alternating currents and independent connec-

25 tions to the primary coils, whereby by the op-
eration of the generator & progressive shifting
of the poles of the core is effected, as set forth.

.2. Thecombination, withan annularorsimi-
lar magnetic core and primary and secondary
coils wound thereon, of an alternating-ecur- 30
rent generator baving induced or armature.
coils corresponding to the primm;i cofls, and
independent circuits eonnectinﬁa e primary

coils with the oorreayonding coils of the gen-
_erator, as herein set forth. 35
‘8.. The combination, with independent elec-

tric transmission-circuits, of transfqormers con-
si:iting of agnnlar or slmilia]:'c&res v;::;& wirt;)
primary and secondary coi @ op) pri-
mary coils of each tranaformer being connected -40
to one of the transmission-circuits, an alter-
nating-current generator with independent in-

daced or armature coils connected with the
transmission-circuits, whereby alternating car-
fents may be directed through the primary 45
coils of the transformers in the order and man-
ner herein described.

NIKOLA TESLA.
Witnesscs:

RosT. H. DUNOAN,
RoBT. F. GAYLORD.
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To all whon it may concern:
Be it known that I, NIRoLA TEsLA,.a stib-
Ject of the Emperor of Austria, from Smiljan,
Lika, border country of Austria-Huongary, now
s residing at New York, in the countyand State
of New York, have invented certain new and
useful Improvements in Electro-Magnetic Mo-
tors, of which the following is a specification,
reference being had to the drawings accom-
1o panyiog and forming a part of the same.
In a former np?li'cation, filed October 12,
1887, No. 252,132, I have shown and described
a mode or plan of operating electric motors by
causing a pro?reaslve shifting of the poles of
15 one or both of the parts or elements of a mo-
tor—that is to say, of either the field magnet
or msinels or armature, or both. I accom-
plish this by constructing a motor with two or
more independent energizing-circuits, on the
20 field-magnets,for example, and I connect these
up with eorres{)onding induced or generating
circuits in an alternating-current generator, so
that alternating currents are caused to trav-
erse the mator - circuits. By so doing the
25 poles of the field-magnet of the motor are pro-
gressively shifted, and by their attraction upon
& 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
produced and maintained by the direct attrac-
tion of the magnetic elements of the motor. 1
bavediscovered that advantageous results may
be secured in thissystem Ly atilizing the shift-
ing of the poles primarily to setup carrents in
a closed conductor Jocated witbin the influence
of the field of the motqr, so that the rotation
may result from the reaction of such currents
upon the field.
To illustrate more fully the nature of the in-
40 vention Irefer to the accompanying drawings.
Figure 1 represeats in side elevation the
operative parts or elements of a motor em-
bodying tbe principles of my invention, and
in section thegenerator for operating the same.
45 Fig. 2isahorizontal central section of the mo-
tor in Fig. 1,the circuits being shown partly in
diagram. Fig. 3 is a modified form of motor
in side elevation. Fig. 4 isa ceatral horizon-
tal cross-section of Fig. 3.
In Figs. 1 and 2, A is an annalar core of soft

50
iron, preferably laminated or formed of in-

sulated sections, so as tobe susceptible to rapid
variations of magnetism. ‘This core is wound
with four coils, C C C’' C, the diametrically-op-
posite coils being connected in the same oir- g5
cuit, 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 an axis, a, in bearings b b, properly sup- 6o
ported by the frame-work of the machine.
The disk carries two coils, E E', of insulated
wire,wound at right anglesto one another,and
having their respective ends joined, so that
each coil forms a separate closed circait.

In illustration of the action or mode of op-
eration of this apparatus,let it be assumed that
the annular field-magnet A is permanently
maguctized, 50 as to present two free poles dia-
wmetrically opposite. If suitable mechanical 70
provision be now made for rotating the field-
magnet around the disk,the apparatus exem-
plifies the conditions of an ordinary magneto-
generator,and currents would be set up inthe
coils or closed conductors E E’ on the disk D.
Evidently these currents would be the most
powerfal at or near the points of the greatest
density of the lines of force, and they weuld,
a8 in all similar cases, tend, at least theoreti-
cally, to establish magnetic poles in the disk
D at right angles to those in the annular field-
magnet A. As a result of the well-known
reaction of these polarities upon each other,
& more or less powerful tendency in the disk
to rotate in the same direction as that of the
field-magnet would be established. If, onthe
other haod, the ring or annular field-magunet
A.be held stationary and its maguetic poles
progressively shifted by passing through its
coils C C properly-alternated currents, it is
obvious that similar resilts will follow, for
the passage of- the currents causing the shift-
ing or whirliog of the poles of the field-mag-
net A induces currents in the closed circuits
of the armature coils E E/, with the result of g5
setting up a rotation of the disk D in the same
direction of such shifting. Inasmuch as the
currents are always induced or generated in
the coils E E in the same manner, the poles
of the disk or cylinder follow continuously
the foles of the annular field-magnet, main-
taining, at leas: theoretically, the same rela-

65
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tive positions, This results in an even and
perfect action of the apparatus.
In order that the system as a whole may be
better understood, I shall now describe the
s mode or plan devised by me for producing the
currents that effect the p: ve shifting of
the poles of the motor.
In Fig. 1, B B’ are the poles or pole pieces
of an al@ernatlin&cnrrdt;t nednt?r. p'l;l;iey
o are permanently magoet and of op te
polarityn.l’ F isacylindrical or other armature
containing the independent coils G G'. These
coils are wound at right angles, so that while
one is crossing. the strongest portion of the
15 fleld of force the other is at the neatral point.
The coils G G’ terminate iun the two pairs of
insulated eollecting»ring f and f’,upon which
bear the brushesg ¢. Four wires cennectthe
motor-terminals ¢ and ¢ with the brushes g and
20 g’, respectively. When the generator is ro-
tated; thecoil G will at the certain point shown
in the drawings be’ generating its maximam
current, while coil G’ is neutral.” Let it be as-
sumed that this current is conveyed from the
25 rings é‘ )’ to the terminalst tand through the
coils C C. Its effect will be to establish poles
in the ring midway between the two coils.
By the farther rotation of the
coil @’ is brought within the inflaence of the
30 field and begins to produce a current, which
grows stronger as the said coil approaches
the maximum points of the fleld, while the
current produced in the coil G diminishes as
the said coil recedes from those points. The
35 current from the coil G, being conveyed to
the terminals ¢ ¢ and through coils C"*C/, has
% tendency to establish poles at riiht angles
to those set up by the coils O C; but owins
to the greater effect of the current in coils
40 O the result is merely to advance the poles
from the position in which they would remain
if due to the magnetizing influence.of coils O
C alone. This progression continues for a
quarter-revolution until coil G G becomes
45 nentral and coil G’ G’ produces its maximum
current. The action described is then re-
peated, the poles having been shifted throu,
one-half of the field, or a half-revolution. The
second half-revolution is accomplished in a
- 50 similar way, the same polarity ng main-
tained in the shifting poles by the movement
-of the generator-coils alternately thréugh
fields of opposite polarity. ) .
The same principle of operation may be ap-
55 plied to motors of varions forms, and I have
shown one of such modified forms in Figs. 8
and 4 of the drawings. -In these figures, M M’
are field-magnets secured to or forming part
of a frame, ', mounted ou a base, P. '.l‘gese
60 magnets should be laminated or composed of
-a number of electrically-insulated - maguetic
sections, to prevent the circalation of induced
currents and to render them capable of rapid
magnetic changes. These magnetic cores or
65 poles are wound with insulated coils C C, the
diametrically-opposite coils being connected
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together in series and their free ends brought
to terminals t ¢, respectively. Between the
polesthere is mounted, in bearingsin the cross-
pieces G”, a cylindricdl iron core, D, which,
in order to prevent the formation of eddying
carrents, and the loss consequent thereon, is
subdivided in the usual way. Insulated con-
ductors or coils are applied to the cylinder D
longitudinally, and for these I may employ
oo&)per plates B E, which are secured to the
sides and ends of the cylindrical core iu well-
koown ways. These plates or conductors may
form oune or preferably several independent
circuits around the core. Inthedrawings two
of sach circuits areshown, formed respectively
by the condictors E and F/, which are insa-
Iated from each other. Itisadvantageouc also
to slot these plates longitudinally, to prevent
the formation of eddy currents and waste of 8s
energy.

From what has now been given the opera-
tion of this apgmtua will be readily under-
stood. Tothe binding-posts ¢ ' arecconnected
the proper circuits from the generator tocause go
a progressive ’ah.l[tin% of the resultant mag-
petic poles produced by the magnets M upon
the armature. Thus currents are inda in
the closed circuits on the eore', which, energiz:
ing the core strongly, maintain & powerful at-
traction betweenthe same and the field, which
causes arotation of the armature in the direc-
tion in which the resultant poles are shifted.

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

‘When these motors are not loaded, but run-
ning free, the rotation of the armature is nearly
synchronous with the rotation of the poles of
the fleld, and under these circomstances vel;y
little current is perceptible in the coils E E’;
but if a load is added the speed tends to di-
minish and the currents in coils E E’ are aug-
mented, so that the rotary effort iy increased
proportionately.

Obviously the principle of this invention is
capable of many modified applications, most of
which follow as a matter of course from the
constructions described. For instance, the
armature-coils,or those in which the currents
are set up by induction, may be held stationary
and the alternating currents from the genera-
tor conducted through the rotating inducing
or field coils by means of suitable sliding con-
tacts. It is also apparent that the induced 12§
coils may be movable and the magnetic parts
of the motor st-atlonary; but I have illustruted
these modifications Tully ia the application to
which reference has herein been made. .

In the case of motors wound with independ- 130
ent field and armature circuits and operated
by shifting their poles, as described in my said

8o
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. prior application, I may by short-circuiting
the arniature-coilsapply the present invention
in order to obtain greater power. on starting,

An advantage and characteristic feature of

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

o siderationofthe working conditions. Assam-’
ing the armature to be rotating in a certain di-
rection-following the movement of the shifting
poles, then reverse the direction of the shift-
ing, which may be done by reversing the con-

t5 nections of one of the two energizing-circuits.
If it be borne in mind that in a dynamo-elec-
tric machine the energy developed is very
nearly proportionate to the cube of the speed,
it is evident that at such moment an extra--

20 ordinary power is brought to playin reversing
the motor. In addition to this the resistance
of the motor is very greatly reduced at the
moment of reversal, so that a much greater
awmount of carrent passesthrough the energiz-

25 ing-cirenits.

The phenomenon alluded to~viz., the varia-

-tion of the resistance of the motor apparently
like that in ordinary motors—1I attribute tothe
variation in the amount of self-indaction in

30 the primary or energizing circuits.

These motors present numerous advantﬁu,
chief among which are their simplicity, rella- |
bility, economy in coustruction and mainte-
nance, and their easy and dangerless manage:

35 ment. As no comiutators are required on

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

I do not claim herein the mode or plan of
producing currents in closed conductors in 'a 40
magnetic fleld which is herein disclosed,except
{)n its application to this particular purpose;

u

t

"What I claim is— .

.1, The combination, with a motor contain- 45
in ind?endenl; inducing or energlzing cir-
cuits and closed induced circuits, of an alter-
nating-current generator having indaced or
generating circuits corresponding to and con-
nected with the energizing-circuits of the mo-
tor, as set forth. .

2. An electro - magnetic motor having its
field-magnets wound with independent coils
and its armature with independent closed coils,
in combination with a source of alternating

55
currents connected to the field-coils and capa-

‘ble of progressively shifting the poles of the

field-magnet, as set forth. .

3. A motor constructed with an ‘annular
ﬁeld-mafnet wound with independent coils 60
and a cylindrical or disk armature wound with
closed cofls, in combination with a source of
alternating ‘currents connected with the field-

magnet coils and acting to ressively shift
gtz‘zm- the poles of the 33? as herein set
orth.

‘NIKOLA TESLA.
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To all whiém it may .concern:

Be it known that I, NixorA TEsLA, from
Sailjan, cha'berder country of Austris-Hun-
. ,and residing in the city, edunty, and Btate

s of New York, have invented new abd
usefal Improvements in the Transmission of
Power, of whieh the following isa Gcation,
reference being had to the draw: aocom-

and forming a of the same.
o This nrpliution is a division of an applics-
tion by me October 12, 1887, No. 252,132,

The practical solution of the problem of the
electrical conversion and transmission of we-
chanieal energy involves certain requirements

15 which the apparatns and systems heretofore
employed have not been capable of falfillin
Soch a solution primarily demands a uni-
gmi y of apeed in the motor irrespective of

ac the other haud, it is neceesary, to attain a

ecopomy of conversion than has here-
tefore existed, to constract cheaper and more
relisble and simple apparatus, and such that
all . danger from the use of carrents of high

25 tension, which are necessary to an cconomieal
t may be avoided.

My present inveation is s new method or
mode of effecting the transmission of power
Trcsent objections ‘wre overcamse ad grest

30 present are overcome great
cconomy and efficiency secured.

In emrr; out my invention I employ a
pendexfn o izing-ci mita:,“;x:v:gh hit:goi

¢t energizing-cirenits, t w|
35 pass) in the manner hereinafter desoribed, al-

t currents, effecting therebya -
m:;gonhe mn:gmor oﬁhg“ﬂ'nel

of force,”’ which,in accordance with well-known
th;ories,bprodnmhe action of the notni:uu.
t is obvious & proper progressive
ing of the lines of force myge utilised to set
up a movement or rotation of either element
of the motor, the armatnre,or the field- magnet,
and that if the carrents directed through the
45 several circnits of the motor are in p! di-
rection no eommutator for the motor will be
required; but to umall the ana.leom
tating applisnces in the system I connect
motor-circuits direotly with those of & suitable

alternsting. generator. The practical
results of such s system, its eeonomier! advao-

40

5o

withio its normal working limits. Oa | p

tages, and the mode of its construction and

operation will be deseribed more in detail by

;el'e::nu to the secompanying diagrams and
A &

Flgungl to 8 and 1 to 8, inclusive, aredia-
grams illustrating the principle of the getion
of my invention.- The remaining figur¥s are
views of the apparatas in various forms by
means of which the investion may be carried 6o
in& effoct, and which will be described in their
order.

Referring first to Fig. 9, which is a dia-
grammatic representation of a motor, a gen-
erator, and connecting-circnits in accordanoe 65
with my invention, M is the motor, and G
the geaerator for driving it. The motor eom-
prises & riog or ansulus, R, preferably built
bites, 80 4 to'bo a6 sasceptibie as posmibie to
80 88 - (X e to 70
variations in ita iccondition. Thisring ’
is surrounded by four coils of iosulated wire
gnnetﬁedly placed and designated by COC

. The diametrically-opposite coils are eon-
nected upsoas toco-operatein pairs in produc-
ing free poles on diametrically-opposite
-of the ring. The four free ends thus left are
connected to terminals T T T' T, as indicated.
Near the ring, and preferably inside of it,
there is mounted on an axis or shaft a mag-
-netie disk, C, generally circular in shape, bat
hvi&m cat away as shown.
This is mounted so asto turn freely within
the ring B. The generator G is of any ordi-
Bary cym that shown ju the present instance 85
having field-magoets N S8and acylindrical ar-
mature-core, A, woupd with the two coils B
g; ge uf'm ‘endsdof ?eb coil are carried

rou e shaft «’ and connected, respeet-
ively, to insnlated contact-riugs b b b’ V. Any go
convenient form of eollector or brush bears on
each ring and forms a terminal by which the
current to and from a ring is conveyed. These
terminals are connected to the terminals of the
motor by the wires L and L' in the mannerin- gg
dicated, whereby two eomplete circuits are
formed, one including, say, the coils B of the
generato

18

8

r and C C of the motor and the other
the remaining coils B'and C' C' of the gen.
erator and the motor.

It remaing now to explain the mode of op-
eration.of this system, and for this“purpose I

to0
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refer to tho diagrams, Figs.1 to 8 and 1* to 8",
for an illustration of the various phases
tbrongh which the coils of the generator pass
when in operation, and the corresponding and
s resultant magnetic changes produced in the
motor. ‘Therevolaution of thearmature of the
generator between the field-m N8 ob-
viously produces.in the coils' B B’ alternatin
ocurrents the intensity and direction of whi
10 depend upon well-known laws. In the posi-
tion of the.ooils indieated in Fig. 1 the current
in the coil B is practically nsl, whereas the
coil B’ at the same time is developing its
maximum current, and by the means indicated
t5 in the description of Fig. 9 the circuitinclud-
ing this coil may also inclade, say. the coils O
O of the motor, Fig. 1*. The result, with the
proper connections, wounld be the magnetiza-
.tion of the ring R, the poles being on the line
20 NS. The same order of connections be,ig;
observed between tife coil B and the coil C,
the latter when traversed by a current tend to
fix the poles at right angles to the line N 8 of
Fig. 1°. It results, therefore, that when the
25 generator-coils have made one-eighth of & re-
voluation, reaching the position shown in Fig.
2, both pairs of coils, C and O, will be trav-
ersed by current and act in opposition in so
far as the location of the poles is concerned.
30 The position of the poles will therefore be the
resultantof the megnetizing forces df the coils—
that is to say, it will advanoe hlonf the ring to
a position corresponding to one-eighth of the
revolution of the armature of the generator.
35 In Fig. 8 the armature of the generator has
progressed to one-fourth of a revolation. At
the point indicated the current in the coil B
is maximum, while in B’ it is »il, the latter
ocoil being in its neutral position. The poles
40 of the ring R in Fig. 3* will in consequence be
shifted to a position ninet{ degrees from that
at the start, as.shown. I haveinlike manner
shown the conditions existing at each succes-
sive eighth of one revolation in the remainlnﬁ
45 figures. A short reference to these fignres wil
suffice to au understanding of their signifi-

eance.
Figs. 4 and 4* illustrate the conditions which
exist when the generahor-armuure has com-
so pleted three-eighths’ of & revélution. Here
both coils are generating currents; bnt the coil
B', having now entered thie opposite field, is
g:umung a current in the opposite direction
ving the opposite magnetizing effect; hence
ss the resaltant pole will be on the line N 8, as
own, :
In Fig. 6 one-nalf of one revolution of the
armature of the generator has been completed,
and the resulting magnetic condition of the
60 ring is shown in Fig. 5*. Inthis pkase coil B
is in the neatral position, while coil B’ is gen-
erating its maximam current, which is in the
same on as fn Fig. 4 The poles will
consequently be shifted through one half of
65 the ring.
In Fﬂ 6 the armature has completed five-
eighths of a revolution. In this position cofl

B’ devélops a less powerful current, but in the
same direction as before. The coil B, on the
other hand, baving entered a field of opposite 70
polarity, generates a currept of opposite di
rection. * The resultant poles will therefore be
in the line N 8, Fig. 6% or, in other words,
the poles of the ring will beshifted along five-
eighths of its periphery. 15
7 and 7 in the same manner ilJustrate
the pi‘m of the generator and ring at three-
quarters of a revolution, and Figs. 8 and 8*
the same at seven eighths of a revolutioa of
gl;:}enera&or-armature. These figures will be Eo
ily understood from the foregoing.

When a completerevolntion isaccomplished,
the conditions existing at the start are re-es-
tablished, and the same action is repeated for
the next and all subsequent revolutions, and in
general it will now be seen that every revolu-
tion of the armature of the generator produces
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- go
ture in a variety of ways—for esample, apply-
ing the principleabove described to theappa-
ratus shown in Fig. 9. The disk D, owing to
its tendency to assume that position in which
it embraces the greatest le number ¢ f the g5
magpoetid line:, is set in rotation, following the
motion of the lines or the points of greatest
attraction.

The disk D s.v Fig. 9 is shown as cut. away
on opposite sides; but this I have found is not
easential to eﬂeetin its rotation, a8 a circular
disk, as indicated by dotted lines, is also set
in rotation. This pheromenon I attribate to
a certain inertia or resistance inherent in the
metal to the rapid shifting of the lines of {orce
through the same, which resuits in a continu-
ous tangential pull upon the disk, causing its
rotation. This seems to be confirmed by the
fact that a circular disk of steel is more effect-
ively rotated than one of soft iron, for the rea-
son that the former is assnmed to possess &
greater resistance to the shifting of the mag-
netic lines.

In illustration of other forms of apparatus
by means of which I carry out my invention,
1 shall now describe the remaining fignres of
the drawings,

Fig. 10 is a view in elevation and part ver-
tical section of a motor. Fig. 12 is a top view
of the same with the ficld in section and s
diagram of connections. . Fig. 11 i8 an end or
side view of a generator with the fields in seo-
tion. This form of motor may be used in place
of that shown. -

D is a cylindrical or drum armature-core,
which, for obvious reasons, shounld be split ap
as far as practicable to prevent the circulation
within it of currents of indaction. The core
is wound longitadinally with two coils, E and
E, the ends of which are respectively con-
nected to insulated contact-ringsd d &' @, ear-
ried by the shaft ¢, upon which the armature
is mounted. . : .

The armature is sct to revolve within an
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iron shell, R, which eonstitutes the field-mag-
net or other element of the motor. Thisshell
is preferably formed with a slot or opening, r;
but it may be continuous, as shown by the

s dotted lines, and in this event it is preferabl
made of steel. It is also desirable that th
shell should be divided up similarly to the
armature,and for similar redsons. As a gen-
erator for driviniithh motor, I may ase the

1o device shown in Fig. 11. This represents an
annular or ring armature, A, surrounded by
four coils, F F F' I, of which those diamet-
rlull{ op};odte are connected in series, so
that four free ends are left, which are con-
15 nected to the ‘isulated contact-rings d-d ¥ ¥'.
The ring is suitably mounted on a sbaft, &,
between the poles N 8. The contact-rings of
each pair of genurator eoils are connected to
those of the motor, respectively, by means of

20 contact-brushes and the two pairs of eonduot-
-ors, L Liand 1’ I/, as fndicated diagrammat-
ically in Pig. 18

Now, it is obvious from a consideration of
the preceding figures that the rotation of the

25 generator-ring produces currents in the eoils

F, which, being transmitted to- the motor-
ooils,impart to the core of the latter magnetic
poles constantly shiiting or vhirlinf around
the core. This effect sets up & rotation of the

30 armature,owing totheattractive force between
the shell and the poles of the armature; but
inasmuch as the coils in this case move rela-
tively to the shell or field-maguet the move-
ment of the coils is in the opposite direction

35 to the progressive shifting of the polee.

Other arrangements of the coils of both gen-
erator and motor are possible, and a greater
namber of circuits may be used, as will be
seen in the two succeeding figures.

40 Fig. 13 is a diagrammatio llustration of &
motor and a generator conneeted and eon-
structed  in accordance with my invention.
Fig. 14 is an end view of the generator with
its field-magnets in section.

45 The field of the motor M iS produced bysix
magnetic poles, G’ G', secured to or projecting
from a ring or frame, H. These m ts or
poles are wound with insulated coils, those
diametrically oppositeto each other being eon-

50 nected in pairs,soas to produce opposite poles
ineach pdir. Thisleaves six free ends, which
are connected to the terminals TTT T'T” T".
The armatare which is mounted to rotate be-
tween the poles is a eylinder or disk, D, of

55 wrought-irou, 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 armature, A, wound with three
coils, K X' K”, at sixty degrees apart. The

60 _ends of ihesc coils are connected,respectively,
to insulated coutact rings e e ¢ d ¢ ¢". Theso
rings are connected to those of the motor in
proper order by means of collecting-brushes
and six wires, forming three independent cir-
cuits. The variations in the strength and di-
rection of the currents transmitted through
these circuits and traversing the coils of the

'in series and bavi

motor produce ssteadily-progressive shifting
of the resultant attuetivez)m4 exerted by the
poles G’ upon the armature D, and couse- 70
Jhe pocalier advantugs of thib Gisposttion B
advan! of this on
in obtaining a more concentrated and power-
eysioms Tnvolving maltiple croulle gonerally
nvolv multiple circuits ge y

will be nndeuto':)‘d from this apparatus. 7
- Referring now to Figs. 15 agd 16, Fig. 15 is
s matic representation of s modified
disposition of my invention. - Fig. 16 is a hori-
sontal cross-section of the motor. In thiscase 80
‘s disk, D, of maguetic metal, preferably caot
away at opposite edges, as shown in ed
lines in_the figure, is mounted so as to turn
freely inside two stationary coils, N’ N*,placed
at right angles to one er. The.coils are 85
preferably wound ons frame, O, of insulating
material, and their ends sre eonnected tothe
fixed terminals T TT T'. The generator G is
s representative of that class of altérnating-
curient machines in which a stationary in- go
duoed element is employed. Thatshown con-
sists of a revolving permanent or electro-mag-
net, A, aud four independent stationary mag-
nets, P P/, wound with coils, those diamet-
rically opposite to each other being connected
their ends secured to the
terminals ¢t ¢ ¢. From these terminals the
carrents are led to the terminals of the motor,
as shown in the drawin, The mode of op-
eration is substantially thesame as in the pre-
vious cases, the currents traversing the coils
of the motor having the effect to tuarn the disk
D. This mode of carrying out the invention
has the advantage of dispensing with the slid-
ini,oontm in the system.

_ In the forms of motor above described only
ope of the elements—the armature or the field-
. magnet~—is provided with ‘euerﬁlzing-eoila. It
‘remaius, then, to show how both elements may
be wound with coils. Reference is therefore
had to Figs. 17, 18, and 19. Fig.17isan end
view of such & motor. Fig. 18 Is a similar
view of the generator, with the field-magnets
in section; and Fig. 19 is & diagram of the cir- .
cuit-eonnections. In Fig. 17 the field-magnet
of the motor consists of a ring, R, preferabl,
of thin insulated iron sheets o1 bands, wit
eight pole-pieces, G, and corresponding re-
cesses in which four pairs of cofls, V, are
wound. - The diametrically-opposite pairs ¢f t20°
coils are connected in series and the free ends
connected to four terminals, v, the rule to be
followed in connecting being the same as here-
inbeforeexplained. narmatare, D, with two
coils, E E, at right angles to each other, is
mounted to rotate iuside of the field-magnet
R. The ends of the urr.dture-coils are con-
nected to two pairs of contact-rings, dd d &.
The generator for this motor may be of any
suitable kind to produce currents of the de-
sired character. In the present instance it
conasists of a field-magnet, N 8, and an arma-
tare, A, with two coils at right angles, the
ends of which are conuected to four contact-
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rings, b ¥/ V, carried by its shaft. The cir-
cuit-conuectlons are established between the
rings on the generator-shaft and those on the
motor-shaft by eolleeﬁnglhruhes and wires, as
s previously explained. In order to pmierly
energize the field-magnet of the motor, how-
ever, the connections are s0. made with the
armature-coils by wires leading thereto that
while the points of greatest attraction or great-
10 est density of magoetic lines of force upon the
armature are shifted in one direction those
upon the field-magnet are made to progressin
an opposite dircction. In other respects the
operation is identically the same as in the
15 other cases cited. Thii arrangement results
in an increased speed of rotation.

In Figs. 17 and 19, for example,theterminals
of each set of field-coils are connected with the
wires to the two armature-coils in sucha way

20 that the field-coils will maintain opposite poles
in advaunce « "the poles of the armature.

In the dra.ings the field-cofls are inshunts
to the armiature; but they may be in series or
in independent circuits.

25 It is obvious that the same principle may
Qe applied to the various typical forms of mo-
tor hereinbefore described.

Having now described the nature of my in-
vention and some of the various waysin which

30 it is ur may be carried into effect, I would call
attention to certain characteristics which the
applications of the inveation poasess, and the
advantages which it offers.

In my motor, eonsidering,

35 that represented in Fig. 9, it

for convenien
will be obsorv

that since the disk D has a tendency to follow

continuously the points of greatest attraction,

and since these pointa are shifted around the

_ring ouce for each revolution of the armature

40 of the generator, it fullows that the move-

ment of the disk D will be synchronous with

that of the armature A. This feature by

cal demonstration I have found to ex-

ist in all other forms in which one revolution

45 of the armature of the generator produces a

shifting of tle poles of the motor through

three hundred and sixty degrecs.

In the particular modification shown in Fig.

15, or in others constructed on a similar plan,

so the number of alternating impulses resuiting

from one revolution of the generator-armature

is double as compared with the preceding

cases, and the polarities in the motor are

shifted around twice by one revolution of the

55 generator-armature. The speed of the motor

will therefore be twice that of the generator.

The same result is evidently obtained by such

a disposition as that shown in Fig. 17, where

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

Again,considering the ap tus illustrated

by ¥ig. 9 a8 typieal of the invention, it is ob-

vz)m that since the attractive effect npon the

disk Dis

- 65 relative position to the poles developed in the

ring R—that'is to say, when its ends or poles

immediately follow those of the ring—the

8t when the disk is in its proper.

speed of the motor for all loads within the
normal working limita of the motor will be
practically constant.

It is clearly 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
independeut of the strength of the current.

It will now be more readily seen from the
above description how far the requirements of
8 }wact'iml system of electrical transmission
of power are realized in my invention. Ise-
cure, first, 8 uniform under sll loads 8o
within the normal working limits of the mo-
tor without the use of mmnxi regula-
tor; second, synchronism between the moter
and the generator; third, greater offi by
the more direct application of the current, no 85
commautating devices being required on either
the motor or the gencrator; fourth, cheapness
and simplicity of mechavical construction;
the capability of being very easily man-

or controlled, and, sixth, dimination of go

from injury to persons and spparatus.
ese motors may be run in series—maulti-
ple arc or multiple seriee—under conditions
well nnderstood by those skilled in the art.

I amaware that it is nat new to producethe gs
rotatiops of a motor by intermittently shifting
the poles of one of its elements. This has been
done by passing through independent emer-
gizing-coils on one of the elements the cur-
rent from a battery or other source of direct
or continuous currents, reversing such cur-
rent bf.snu,able mechanical appliances, so that
it is directed through the coils in alternately
opposite directions. In such cases, however,
the potential of the energiziug- currents re-
maios the same, their direction only being
changed. According to my invention, how-
ever, 1 employ true alternating currents; and
my inveation consists in the very of the
mode or method of utilizing such currents.

The differende between the two plans and
the atlmmgles of mine are obvious. By pro-
ducing an terna.ti:f”ourrent each impulse
of which involves a and fall of potential
I reproduce in the motor the exaet conditions"
of the generator, and by such currents and the
oonsequent, proénct!on of resultant poles the
progression of the poles will be continnous
and not intermittent. In addition to this,the
?raetieal difficulty of interrnpting or revers-

og a carrent of any considerable strength is
such that noneof the devices at present could
be made to economically or practically effect
the transmissiou of power by reversing in the
mauner described a continuous or direct cur-
rent. Ioso far,then,as the plan of acting upon
one element of the motor is concerned, my in-
vention involves the use of an slternating as
distinguished from a reversed curceat,or a ca
rent which, while continuous and- Airect, is
shifted from coil to coil by any form of com-
mutator, reverser, or interrupter. With re-
gard to that part of the invention which con-
sists in acting upon both elements of the-motor

L]
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simultsneonaly, I regard the use of either al-
ve: currents as witbin the

. tcnuo? or
scope of the invention, although I do not con-
h‘:o‘mofmeued curreats of any prae-

What I claim fs—

tmlalm dpow hich bﬂﬁ in produo-
which eo n

inga em?n‘nouly-i»rogredn shifting of the

moédﬂuorhoﬁdg;n}s(m&;?~ 10
or magnet or maguets) of & motor
developing alternating carrents in indcpand’-
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PATENT OFFICE.

NIKOLA TESLA, OF NEW YORK, N. Y.

ELECTRICAL TRANSMISSION OF POWER.

Ondat

2 fled N

SPECIPICATION forming part of Letters Patent Wo..362,381, dated May 1, 1889,

ber 30, 1037, Serial No. 266,502, Divided and this spplication fled- March 9. 1868, Setial Ne.
208,756, (o model.)

B all whom, 1t may concern:

Be it known that I, N1koLA TESLA, from
Smiljan, Lika, border country of Austria-Hun-'
m and residing in the city, county, and

5 of New York, have invented certain new
and usefol Improvementsin the Electric Trans-
mission of Power, of which the following is &

oation, this application being a division

an application filed by me November 30,

10 1887, Serfsl No. 256,562

In @ previous qziitioation filed by me—viz.,
No. 252,132, filed October 12, 1887—I have set
forth an izxrovement in motors and in the
poncratly stated, couaint in progeesatyety and

{1 y co! n progressivelyan
continuously shifting the pples or lines of
maximum magnpetic effect of either the field-
magnets or armature, or both, of a motor, and
thereby producing a movement of rotation in

to the motor. . The means which I have shown
for eﬂ‘ecti:f this, while yarying in detail, are
exemplified in the followingsystem, which, for
present purposes, it will be tmﬁofent to con-
&fr, a8 a typical embodiment of the invea-

2

The motor is wound with coils forming in-
dependent energizing:

-circuits on the arma-
ture, which is a cylinder or disk mounted to
rotate between two opposite magnetic poles.

% These coils are connected up with correspond-
ing induced or current-producing circuits .in
anal -current generator. Asa result
of this, when the generator is set in motion,
currents of alternately-opposite direction are

35 directed through the energizing-coils of the

motor in such manner as w’?rodneeapro- di

gressive shifting or rotation of the magnetic
poles of the motor-armature. This movement
of the poles of the armatuore obviously tends to
40 rotate the armature in the opposite diréction
to that in which the movement of the poles
takes place, owing to the attractive foroe be-:
tween said poles and the field-magnets, and the
speed of rotation increases from the start un-
45 til it equals that of the generator, supposing
botAh.ltl:tor and nerlntm :aoﬂl‘)e alike.

L 6 poles of the armatare are
shifted in:‘cg:ecﬂon 0 te to that in which
the armatare rotates, it will be apparent that

30 when the normal speed isattained the poles of

_usual way.

the urmature will assume & fixed position rela-
tively to the fleld-magnets, and that in conse:
quence the field-magnets will be energised by
magnetic induction, exhibiting two distinct
poles, one on each of the pole-pieces. Instart- ss
ing the motor, however, the speed of the ar-
mature being com vely slow, the pole-
pieces are sngject to rapid reversals of mag-
netic polarity; butasthe speed increasesthese
reversals become Jess and ‘less frequent and 6o
finally cease, when the movement of the arma-
tare {eeomes synchronous with .that of the
generator. This the case, thefield-cores
or the pole-pieces of the motor become a mag-
net, bat by indaction only. 65
I have found that advantageous resuits are
secared by winding the fleld-magnets with a
coil or coils and passing a contiouous current
through them, thus mg{ntalning a permaunent
field, and in this feature my present inveation 0

oonsists, .

I shall now describe the apparatus which I
have devised for carrying out this invention
and explain the mode of using or operating
the same. 18
1 is an end view in elevation of my

Figure
improved motor. Fig. 2 is a part horisontal
ocentral section, and Fig. 8 is a diagrammatic

representation of the motor and generator
combined and donuected for. operation.

Let A A in Fig. 1 represent the legsor poie-
pleces of a fleld-magunet, around which are
coils B B, included in the circuit of & continu-
ous-current geuerstor, G, which is adapted to
impart magnetism to the said poles fu the or- 85

maaner.

D D’ are two inde ent coils wound apun

a suitable cylindrical or equivalent armature-

core, which, like all cthers used in a similar

manner, should be split or divided up into go.

alternate maﬁeﬁc and insalating parts in the -
is armature is mounted in non-

magetie cross-bars E B, secured to the poles

of the fleld-magnet. Thé terminals of the ar-

mature-coils D D’ are connected to insulated 93

sliding contact rings a a b b, carried by the

armature-shaft, and brushes ¢ ¢ bear upon

these rings to convey to the coils the currents

which operate the motor. ’

The generator for operating thismotor is or 100

8o



36

] 382:201

may be of precisely identical construction,
,aud for convenience of reference I have marked
in Fig. 3 its parts, as follows: F F, the field-
magnets energized by a continuous current
5 paui:g in its field-coils G G; H H', the eoils
carried by the cylindrical armature; d d ee,
the friction or collecting rings carried by the
armatore-shaft and forming the terminals of
the armature-coils; and f f the collecting-

10 brushes which deliver the currents developed |

in the armatare-coils to the two circuits ¢ ¢/,
which connect the generator with the motor.
The operation of this system will be under-
stood from the foregoing. The action of the

15 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
continueus current be directed thirough the

20 field-coils 80 as to strongly energize the mag- |-

net A A, thespeed of the motor, which depen
upon thatofthe generator, will not beincreased,
bat the power which pro(inees its rotation wiil
be i in proportion to the energy sup-
25 plied through the coils B B. It is ehdracter-
istic of this motor that its direction of rota-
tion is not reversed by reversi ng the direction
of the enrrent through its field-coils, for the
direction of rotation depends not upon the
larity of the field, but upon the direction
n which the poles of the armature areshifted.
To reverse the motor the connections of either
of the circuits g ¢’ must be reversed.

1 have found that if the fleld-magnet of the
35 motor be strongly energized by its coils B B,
and the circuits throogh the armature-coils
closed, assuming the generator to be running
at a certain 3| , the motor will not start;
bat if the field be but slightly energized, or'in

neral in such condition that the magnetic

pfluence of the armatare pregonderatea. n de-
termining its magnetic condition, the motor
will start, and with sufficient current will
reach its maximum or normal . For
45 this reason it is desirable 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 current to pass through it.
I have fonnd, however, if the ficlds of both the
So generator and motor be strongly enmergized
that starting the generator starts the motor,
and that the speed of the motor is increased
in synchronism with the generator.

30

[T

Motors eonstructed and operated on this.
principle maintain almost absolutely the same sg
speed for all loads within their normal work-
ing limits, and in- practice I have observed
that if the motor be overloaded to sach an ex-
tent as to check its speed the speed of the

enerator, if its motive power be not too great,
gdiminlabed synchrooously with that of the
motor.

I bave in other applications shown how the
construction of these or similar motors may be .
varied in certain well-known ways—as, for in- 65
stance, by rotating the field about a station-
ary armature or rotating conductors within
the field—but I do not illustrate these features
farther herein, as with the illustration which
I have given I regard the rest as within the

60

.power of a person skilled in the art to con-

struct.

I am aware that a device embodying the
charactéristios of a motor and having a per-
manently-magnetised fleld- et bas been
ope by passing through independent coils
on its armature a direct or continuous currert
in opposite directions. Such a system, how-
ever, I do not ‘as capable of the prac-
tical a'gxlleaﬂon, for which my invention is 80
designed, nor is it the same in princigle or
mode of operation, mainly in that the shifting
of the poles is intermittent and not continu-
ous, and that there is necessarily involved &
waste of energy. . 8
- In my present application I do not limit my-
self to any tpednf form of motor, nor of the
means for producing the alternating currents
a8 distinguished from what are called ‘‘re-
versed currents,” and I may excite or energize 9o
the field of the motor and of the generator by
any source of curreut which will produce the
desired result.

What I claim is—

The method herein described of transmit- 95
ting power by electro-magnetic mocors,which
oonlil:&' 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.

15

NIKOLA TESLA.

Witnesses:
FRANK B. MURPHY,
FRANK E. HARTLEY.
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UNITED STATES

PAaTENT OFFICE.

NIKOLA TESLA, OF NEW YORK, N. Y.

METHOD OF CONVERTING AND DISTRIBUTING ELECTRIC CURRENTS.

SPBCIFICATION forming part of Letters Patent No, 382,282, dated May 1, 1888,

Origi Heation filed D

nber 23, 1837, Serial No. 38,787,

Divided and th's applicalion filed March 9, 1888, Serial No.

266,787, (No model.)

To all whom it may conocern:

Be it known that I, NIKoLA TESLA, from
B8miljan, Lika,border country of Austria-Hun-
gary, and now residing at New York, in the
county and State of New York, have invented
eertain newand useful Improvements in Meth-
ods of Converting and Distribating Electric
Currents, of which the following is a specifica-
tion, this application being a division of anap-

lication filed by me December 23, 1887, Serial

0. 258,787.

This invention relates to those systems of
electrical distribation in which a current from
a single source of supply in a main or trans-
mitting circuit is caused to induce, by means
of suitable induction t:lpparatus. a current or
currents in an independent working circuit or
circuits.

The main objects of the invention are the
same as have been heretofore obtained by the
use of these systems-—viz., to divide the car-
rent from a single source, whereby a number
of lamps, motors, or other translating devices
may be independently controlléed and operated
25 by the same source of current, and in some

cases to reduce a current of high potential in
the main circunitto one of greater quantity and

‘lower potential in the independent consump-

tion or working circuit or circuits.

30 The -‘genenl character of the devices em-
ployed inthese systems is now well understood.
An alternatiog - corrent magneto-machine is
wsed as a source of supply. The current de-
;Ie};fed thereby is conducted through a trans-

$5 on-circuit to-one or more distané points,
at which the transformers are located. These
consist of induction-machines of various kinds.
In some cases ordinary forms of induction-
coil have been used withone coil in the trans-

40 mitting-circuit and the other in a local or con-
sumption circuit, the coils being differently
proportioned, according to the work to be
done in the consumption-circuit-—that is to
say, if the work requires a current of higher

45 potential than that in the transmission-circait
the secondary or induced coil is of greater
length and resistance than the primary, while,
on the other hand, if 3 quantity current of
Iower potential is wanted, the longer coil is

so mdde the primary. In liea of these devices
various forms of electro-dynamic induction:

wn

to

15

machines, including the combined motorsand
generators, have been devised. For instance,
a motor is constructed in accordanee with well-
understood principles, and on the same arma- ss
ture are wound induced coils which constitute
& generator. The motor-coils are geherally of
fine wire and the generator- coils of coarser
wire, 80 as to produce a current of greater
quantity and lower potential than theline-cur- 6o
rent, which is of relatively high potential to
avoid loss in long transmission. A similarar-
rangement is to wind coils corresponding to
those described on a ring or similar core, and
by meaus of a commutator of suitable kind to
direct the carrent through the inducing-coils
successively, 80 as to maintain a movement of
the poles of the core or of the lines of force
which set up the currents in the induced coils.
Without enumerating the objections to these 70
ms in detail, it will suffice to say that the
theory or the principle of the action or oper-
ation of these devices has apparently béen so
little understood that their .proper copstrue-
tion and use have, up to the present time, been
attended with various difficulties and great ex-
pense. The transformers are very liable to be
injured and burned out, and the means resorted
to for curing this and other defects have in-
variably been at the expense of efficiency. I 80
bhavediscovered amethod of conversionand dis-
tribution, however,which is not subject tothe
defects and objections to which I have alladed,
and which is both efficient and safe. Isecure
by it a conversion by true dynamic induction
under highly efficient conditions and without
the use of expensive or complicated apparatus
or moving devices,which in use wear ont and
require ‘attention. This method cousists in
rogressively and continuously shifting the
ne or points of maximum-effect in an induct-
ive fleld across the convolutions of a coil or

63

18

8s

90

.oonduector within the influence of said field

and included in or forming part of a second-
ary or translating circuit. 9%
n carrying out’ my invention I provide a
series of inducing-coils and corresponding in-
daced coils which, by preference, I wind upon
a core closed upon itself--such as an annulas.
or ring—subdivided in the usnal mdnner. The
two sets of coils are wound side by side or su-
perposed or otherwise placed in well-known
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ways to briog them into the most effective re- | The device is provided with suitable bind-
lations to one another and to the core. The | i to which the ends of the coils are

inducing or primary. coils wound on the core

are divided into pairs or sets by thé proper
s electrical connections, so that while the coils
of one pair orset co-operate in fixing the mag-
netic poles of the core at two given diametric-
ally-opposite points the coils of the other pair
or set—aseuming, for the sake of illustration,
10 that there are but two—tend to fix the poles
at ninety degrees from such points. With this
induction device I use an alternating-current
generator with- coils or sets of coils to corre-
spond with those of the converter,and by means
15 of suitable conductors T connect up in inde-
pendent circuits the corresponding coils of the
generator and cooverter. It results from this
that the different electrical phases in the gen-
erator are attended by corresponding magnetic
20 changes in the converter; or, in other words,
that as the generator-coils revolve the points
of greatest maguoetic intensity in the converter
will be progressively shifted or whirled around.
This grin ple I haveapplied under variously
25 modified conditions to the operation of elec-.
tro-magnetic motors, and in previous applica-
tions—notably in those having serial nurabers
253,132 and 256,561—I have described in de-
tail the manner of constructing and using sach

30 motors.

- In the present application my object isto
describe the best and most convenient manner’
of which I am at present aware of carrying
out the- invention as agpljed to a system of

35 electrical distribution; bat one skilled in the
art will readily understand, from the descrip-
tion of the modifications proposed in said ap-
plications, wherein the form of both the gener-
ator and converter in the present case may be

40 modified. In illustration, therefore,of the de-

tails of construction which my present inven- |

tion involves, I now refer to the accompanying
drawings.
Figure 1 is a diagrammatic illustration of

45 the converter and the electrical connections of
the same. ' Fig. 2 is a horizontal central cross-
section of Fig. 1. Fig. 3 is a diagram of the
circuits of the entire system, the generator
being shown in section, .

50 Iuseacore, A, which is closed upon itsel(—
that is to say, of an annular, cylindrieal, or
equivalent form—and as the efficiency of the
apparatus is largely increased by the subdi-

on of this core I make it of thin atrips,

ss plates, or wires of soft iron electrically insu-
as far as practicable. Upon this core, by

avy well-known method, I wind, say, four coils,

B BB’ B, which I use as primary coils, and
for which I uselong lengths of comparatively

60 fine wire. Overthese coils I then wind shorter
coils of coarser wire, C C C' C, to constitute
the induced orsecondary coils. Theconstrac-
tion of this or any equivaleut form of converter’
may be carried farther, as above pointed out,

65 by inclosing these coils with iron—as, for ex-
ample, by winding over the coils a Jayer or
layers of ‘in&nlateg iron wire.

the four terminals are connec!

‘Besides the currents generated in the second-

ng-posts, to
led. The diametrically-opposite coilsB Band
B’ B'are connected, respectively, in series, and
ted to the bind-
ing-posts 1 23 4. The induced coils are con-
nected together in any desired mauner. For
example, as shown in Fig. 3, C C may be con-
nected in multiple arc when a quantity cur-
rent is desired—as for runnins'a. roup of in:
candescent lamps, D—while may be in-
dependently connected in series in a circuit
including arc lamps D', or the like. . 8o
The generator io this system will be adapted
to the converter in the maunner illastrated.
For example, in the present case I employ a
air of ordinary permanent or electromaguets,
% E, between which is mounted a cylindrical 85
armatare on & shaft, F, and wound with two
coils, G G’. The terminals of these'coils are
connected, respectively, to four insulated con-
tact or collecting rings, H H H, H', and the
four line-circuit wires L connect-the brushes
K bearing on theserings to the converter in the
ordershown. Notingthe results of this combi-
nation, it will be observed thatata given point
of time the coil G is in its heutral position and
is gemerating little or no current, while the
other coil, @', isin a position where it exertsita
maximum effect. Assuming coil G to be con-
nected in circuit with coils B B of the converter
and ecoil G’ with coils B’ B, it is evident that
the poles of the ring A will be determined by
coils B’ B’ alone; but as the armature of the
generator revolves, coil G develops more cur-
rent and coil G’ less uatil G reaches its maxi-
mum and G’ its neutral position. - The obvious
result will be to shift the poles of the ring A
through one quarter of its periphery. e
movement of the coils through the next quar-
ter of a turn,during which coil G’ enters a field
of opposite polarity and generates a current
of opposite direction and increasing strength,
while coil G is passing from its mazimum to
its neutral position, generates & current of de-
creasing streugth and same direction as be-
fore, and causes a further shifting of the poles
through the seeond quarter of the ring. The
secoud half-revolution will obviously be a

0

b

15
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 repetition of thesameaction.” By theshifting

of the poles of the ring A a power-dynamic in-
ductive effect on the coils C C’ is produced.
130
ary coils by dynamo-maguetic induction,other
curredts will be set up in the same coils in
consequence of any variationsin the intensity
of the poles in the ring A. This shounld be
avoided by maintaining the intensity of the
g:les constant, to accomplish which careshould
taken in designing and proportioning the
generator and in distributing the coils in the
riog A and balancing their effect. When this
is done, the currents are produced by dynamo-
maguetic induction only, the same result be-
ing obtained as t.hou%, the poles were shifted
by & commutator with an iofinite number of
segments.

35
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The ap. us by means of which this
method of econversion is or may be carried out
may be varied almost indefivitely. The spe-
cific form which I have herein shown I regard
5 a8 the best and most efficient, and in another
; ﬁplimion I have claimed it; but I do not
limit myself herein to the use of any icu-
lar form or combination of devices which is or
. may be capable of effecting the same result in
10 & similar way.
What I claim is—
1. The method of electrical conversion and
distribution herein described, which consists
in continuouily and progressively sh the
15 foinu or line of maximum effect in an induct-

ve fleld, and inducing f
' the ceils or convolutions of a circuit located
|

f

383,282

thereby currents in |

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

2. The method of electrical conversion and
distribution herein deseribed, which consists
in generating'in independent circuits produc-
ing an inductive field altérnating currents in
such order or manner as to produce by their
conjoint effect a p ve shifting of the

ints of maximum e of the field, and iu-

ucing thereby curreats in the coils or convo-

lutions of a circuit located within the induct-
ive influence of the field, as set forth.

NIKOLA TESLA.

‘Witnesses:
B. MurrHY,
FrANK E. HARTLEY.
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. UNITED STATES

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

PATENT OFFICE.

ASSIGNOR TO THE TESLA ELECTRIC

COMPANY, OF S8AME PLACE.

SYSTEM OF ELECTRI

CAL DISTRIBUTION.

SPBCIFICATION forming part of Letters Patent No. 390,413, dated October 2, 1888.

Application filed Ap:il 10, 1888,

To all whom it may concern:

Be it known that I, NIkoLA TESLA, a sab-
ject of the Emperor of Austria, from Smiljan,
Lika, border country of Austria-Hungary, re-

y siding in the city, conunty, and State of New
York, have invented certain new and usefal
Improvements in Systems of Electrical Dis-
tribution, of which the following is a specifi-
cation, reference being had to the drawingsac-

) companying and forming a part of the same.

Io previous applications for patents made
by me I have shown and described electrical
systems for the transmission of power and the
conversion and distribation of electrical en-

; ergy, in which the motors and the transformers
contain two or more coilsor sets of coils, which
were connccted up in independent circuits
with corresponding coils of an alternating-cur-
rent geperator, the operation of the system be-

) ing bronght about by the co-operation of the
alternating currents in the independent cir-
eits in progressively moving or shifting the
poles or points of maximum magnetic effect of
the motors or convertérs. In these system,

; a8 ] have described them, two independent
conductors were employed for each of the
independent circnits connecting the gener-
ator with the devices for converting the trans-
mitted currents into mechanical energy or

1ioto electric currents of another character;
bat I have found that this is not always neces-

-mry, and that the two or more circnits may
have a single return path or wire in common,
vith a loss, if any, which is so extremely slight

i that it may be disregarded entirely. Forsake
of illustration, if the generator have two.in-
dependent coils and the motor two coils or
two sets of coils in corresponding relations to
its operative elements one terminal of each

) r-coil is connected to the correspond-
gteminals of the motor coils through two
independent condunctors, while the opposite

-terminals of the respective coils are both con-
weeted to one retarn-wire.

# This invention is applicable to my system
i various ways, as will be seen by reference
o the drawings, in which— ]

Fizure 1 is a diagrammatic illostration of a
gecerator and single motor constructed and

» electrically connected in accordance with the

8erial No. 270,187, (No model.)

invention. Fig. 2 is a diagram of the system

ag it is used in operating motors 8r converters,

or both, in parallel or multiple arc. Fig. 3
illustrates diagrammatically the manner of
operating two or more motors or converters,or gs
both, in series. . ’

It is obvious that for purposes of this inven-
tion motors or transformers, which may beall
designated as ‘‘ converters,”’ are the same,and
that either or both may be operated by the 6o
same system or arrangement of circuits. .

Referring to Fig. 1, A A designate the poles
of the field-magnets of an albernatingl;current.
generator, the armature of which, being in
this case cylindrical in form and mounted ona 65
shaft, C, is wound longitudinally with coils B
B'. The shaft C carries three insulated con-
tact-rings, a b ¢, to two of which, as b ¢, one
terminal of each coil, as ed, is connected. The
1enaining terminals, f g, are both connected 70
to the third ring, a.

A motor in this case is shown as composed
of a ring, H, wound with four coils, II J J,
electrically connected, 8o as to co-operate in
pairs,with a tendency to fix the poles of the 75
ring at fonr points ninety degrees apart.
Within the magnetic ring H is a disk or cy-
lindrical core wound with two coils, G G,
which may be connected to form two closed -
circuits. The terminals j k of the two sets or 8o
pairs of coils are connected, respectively, to
the'binding-posts E' F', and the other termi-
nals, & i, are connected to a single binding-
post, D’. To operate the moator, three line-
wires are used to connect the terminals of the 85
generator with those of the motor.

So far as ‘the apparent action or mode of
operation of this arrangement is concerned,
the single wire D, which is, so to speak,a com-
mon retorn-wire for both circuits, may be re- go
garded as two independent wirea. In illas-
tration, with the order of connection shown,
coil B’ of the generator is producing its maxi-
mum carrent and coil B its minimum; hence
the ¢urrent which passes through wiree, ring g5
b, brush V', line-wire E, terminal E, wire j,
coils T I, wire or terminal D', line-wire D,
brush «', ring a, and wire f, fixes the polar
line of the motor midway between the two
coils T T; but as the coil B' moves from the po- 100

%
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sition indicated it generates less curreut, while
coil B, moving into the field, gencrates more.
The current from coil B passes through the
devices and wires designated by the lettersd,
s5¢,¢, F, F, k,J J, 3, ), D, d, a, and g, and
the position of the poles of the motor will be
‘due to the resultant effect of the currents in
the two scts of coils—that is, it will be ad-
vanced in proportion to the advance or for-
> ward mdvement of the armature-coils. The
movement of the generator-armature through
one-quarter of a revolution will obviously
bring coil B’ into its neutral position and coil

B into its position of maximum effect, and

5 this shifts the poles ninety degrees, as they are
fixed solely by coils B. This action is re-
peated for each quarter of a complete revolu-
tion.

‘When more than one motor or other device

> is employed, they may be ran either in paral-
lel orseries. In Fig.2the formerarrangement
is shown. The electrical device is shown as
a converter, L, constructed as I have described
in my application Serial No. 268,787, filed

5 December 23, 1887. The two sets of primary
coils p r are connected, respectively, to the
mains F B, which are electrically connected
with the two coils of the generator. The
croes-circuit wires I m, making theee connec-

> tions, are then connected to the common re-
turn-wire D. ‘The secondary coils p'p” are in
circaits n° o, including, for example, incan-
descent lamps. Ouly one converter is shown
entire in this figure, the others being illus-

5 trated diagrammatically.

‘When motors or converters are to be run iu
series,the two wires E F are led from the gen-
erator to the coils of the first motor or con-
verter, then continued on to the next, and so

> on throngh the whole series, and are then
joined to the single wire D, which completes
both circuits throuogh the generator. This is
shown in Fig. 3, in which J I represent the
two coils or sets of coils of the motors. -

5 Obviously it is immaterial to the operation

of the motor or equivalent device in Fig. 1+

what order of connections is observed between
the respective terminals of the gemerator or
motor.

> I have aescribed the invention in its best
and most practicable .form of which I am
aware; but there are other conditions under
which it may be carried out. For example, in
case the motor and generator each has threein-

s dependent cireuits, one terminal of each cir-

cuit ia connected to a line-wire and the other
three terminalstoa common return-conductor.
This arrangement will secure similar results to
those attained with a generatorand motor hav-
ing but twoindependent circnits, as above de- 60
scribed.

‘When applied to such machines and motors
as have three or more induced circuits with a
common electrical joint,the threeor more ter-
minals of the generator would be simply con- 65
nected to those of the motor. Such forms of
machines, when adapted in this manner to my
system, I have, however, found to be less effi-
cient than the others.

The inventionisapplicable to machines and 70
motors of various types, and according to cir-
cumstancesand conditions readily uuderstood.
with more or less efficient results. 1 do not
therefore limit myself to any of the details of
counstrnotion of the apparatus herein shown. 75

‘What I claim is—

1. The combination, with a generator hav-
ing independent current-generating circuits
and a converter or converters having inde-
pendent and corresponding circunits, of inde- 8o
pendent conductors connecting one terminal
of each generator-circuit with a corresponding
terminal of the motor and a single conductor
connecting the remaining generator and con-
verter terminals, as set forth. 85

2. The combination, with a generator hav-
ing independent current-generating circuits
and a converter or convertars lmving inde-
pendent and corresponding circnitu; of inde-
pendent line or connecting circunits formed in go
part throngh a conductor common to all, as
set forth,

3. The system of electrical distribution
herein set forth, consisting of the combina-
tion, with an alternating-current generator 95
having independent generating-circuits and -
electro-magnetic motors or couverters pro-
vided with corresponding energizing-circuits,
0f line wires or conductors connecting the coils

series with one terminal of each circuit of the

nerator, and a single return wire or con:
ﬁctor couneoting the said conductors with
the l:nher terminals of the generator, as set
forth.

NIKOLA TESLA.

Witnesses:
RosT. F. GAYLORD,

FrANK E. HARTLEY,

‘of the motors or converters, respectively, in 100
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UNITED STATES

PATENT OFFICE.

NIKOLA TESLA, OF NEW YORK, N. Y., ASSIGNOR TO THE TESLA ELRCTRIC
COMPANY, OF SAME PLACE.

* DYNAMO-ELECTRIC MACHINE.

SPBCIPICATION f part of L

Patent No. 390,414, dated October 2, 1888.

Aprlicatien Sled April 23, 1708. Serial Neo. 971,26, (Nomodel.)

To all wlhom it may concern:

Be it known that I, N1koLA. TESI.A, 8 8ub-
ject of the Emperor of Austria, from Smiljan,
Lika, border country of Austria- Hungary,

s now residing at New York, in the county and
State of New York, have invented certain new
and usefol Improvements in Dynamo- Electric
Machines, of which the following is a specifi-
cation, reference being had to the drawings

10 accompanying and forming a part of the same.

In certain patentsgranted to Charles F. Peck
and myself—notably in Patents No. 381,968
and No. 382,280, May 1, 1888—I have shown
and described a plan of constructing and oper-

15 ating motors, transformers, and the like, by al-
ternating currents conveyed throagh two or
more jndependent circuits from a generator
having- such relation to the motors or trans-
formers as to produce therein a progressive

20 movement of the magnetic poles or lines of
force. In the said applications the descrip-
tions and illustrations of the generators were
confined to those types of alternating current
machine in which the current-generating coils

25 are independent or separate; but I have found
that the ordinary forms of continnons-current
dynamos now in use may be readily and cheaply
adapted to my system, or utilized both as con-
tinnous and alternating current generators

30 with but slight changes in their construction.
The mode of effecting this forms the substance
of my present application.

Generally stated, the plan pursued by mein
carrying out this invention is as follows: On

35 the shaft of a given generator, either in place
of or in addition to the regular commutator,
I secure as many pairs of insalated collecting-
rings as therearecircuits to be formed. Now,
it will be nnderstood that in the operation of

40 any dynamo electric generator the currents in
the coils in their movement through the field
of force undergo different phases—that is to
say, at different positions of the coils the cur-
rents have certain directions and certain

45 mn:gthp—lnd thatin my improved motors or
transformers it is necessary that the currents
in the emergizing-coils should undergo a cer-
tain order of variations in strength and direc-
tion. Hence, the farther step—viz, the con-

50 nection between the induced or generating

colls of the machineand the contact-rings from |

which the eurrents are to be taken off—will
be determiuned solély by what order of varia-
tions of strength aud direction in the carrents
i8 desired for producing a given resalt in the ss
electrical translating device. This may be ac-
complished in various ways; but in the draw-
ings I have given typical instanees only of the
best and most practicable waysof applying the
invention to three of the best-known types of 6o
machines, in order to illnstrate the principle
and to enable any one skilled in the art to ap-
ply the iavention in any other case or under
any modified conditions which the circam-
stances of particular cases may regnire. 65
Figure 1 is a diagram illustrative of the
mode of applying the inveation to the well-
koown type of closed or continnous circuit
machines. Fig. 2 is a similar diagram con-

‘taining an armature with separate coils con- 70

nected diametrically, or what is generally
called an *‘open-circuit”” machine. Fig. 8 is
a diagram showing the application of the in-
vention to a machine the armatare-coils of
which have a common joint. 75
Referring to Fig. 1, let A represent one of my
improved ‘'motors or transformers, which, for
convenience, I shall designate a ‘‘counverter,’’
which consists of an annular core, B, wonnd
with four independent coils, C and D, those 8o
diametrically opposite being connected to-
ether 80 as to co-operate in pairs in estab-
ishing free poles in the ring, the tendency of
each pair being to fix the poles at ninety de-
grees from the other. There may be an arma- 8§
ture, E, within the ring, which is wound with
coils closed upon themselves. The object is
to pass through coils C D carreuts of such
relative strength and direction as to produce
a progressive shifting or movement of the 90
points of maximum magnetic effect around the
ring, and to thereby maintain a rotary move-
ment of the armature. I therefore secure to
the shaft F of the generator four insulated
contact-rings, @ b ¢ d, upon which I cause to 95
bear the collecting-brushesa’ ¥’ ¢ &, conuected
by wires G G H H, respectively, with the

‘terminals of coils C and D.

Assume, for sake of illustration, that the
coils D D are to receive the maximum and 100
coils C C at the same ijnstant the minimum
current, 8o that the polar line may be midway
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between the coils D D, the rings « b wonld
thereforc be connected to the continuous ar-
matare-coil at its nentral points with respect
to the field. or the point corresponding with
5 that of the ordinary commutator-brushes, and
between which exists the greatest difference
of potential, while rings ¢ ¢ would be con-
nected to two points iv the coil, between which
exists no difference of potential. The best re-

10 8alts will be obtained by making these eon-
nections at points equidistant from one an-
other, as shown. These connections are easi-
est made by using wires L between the rings
and the loops or wires J, connecting the coil I

15 to the segments of the commatator K. When

the converters are made in this manner, it is

evident that the phases of the currents in the
sec:ions of the generator-coil will be repro-
duced in the converter coils. For example,
after turning throngh an arc of ninety degrees
the conduectors L I, which before conveyed
the maximum current, will receive the mini-
mum current by reason of the change in the
position of their coils, and it is evident that

25 for the same reason ‘the current in said coils
has gradaally fallen from the maximum to the
minimam in passing through the arc of ninety
degrees. In this special plan of connections
the rotation of the magnetic poles of the con-

30 verter will be synchronous with that of the
armature-coils of the generator, and the result
will be the same, whether the energizing-cir-
cuits are derivations from a continuous arma-
ture-coil or from independent coils, as in my

35 previous devices.

I bave shown in Fig. 1, in dotted lines, the
brushes M M in their proper normal position.
In practice thesc hrushes may be removed
from the commutator and the field of the gen-

40 erator excited by an external source of cur-
rent; or the brushes may be allowed to remain
on the commatator and to take off a converted
current to excite the field, or to be used for
other purposes.

45 In a certain well-known class of machines
the armature contains a number of coils the
terminals of which connect to commutator-
segments, the coils being connected across the
armatare in pairs. This type of machine is

50 represented in Fig. 2. In this machine each
pair of coils goes through the same phases as
the coils in some of the generators I have
shown, and it is obviously only necessary to
utilize them in pairs or sets to operate one of

55 my converters by extending the segments of
the commutators belonging to each pair of
coils and causing a collecting-brush to bear on
the continuous portion of each segment. In
this way two or more circuits may be taken

6o off from the generator, each including one or
more pairs or sets of coils, as may be desired.

~

In Fig. 2 11 represent thé armatare-coils, |

T T the poles of the field-magnet, and F the
shaft carrying the commutators, which are ex-

tended to form continunons portions a b e d. 65
The brushes bearing on the continuous por-
tions for taking off the alternating currents
are represented by a’ &’ ¢ &’. The collecting-
brushes, or those which may be used to take
off the direct current, aredesignated by M M. 50
Two pairs of the armature - eoils and their
cominutators are shown in the figure as being
utilized; bat all may be utilized in a similar
manuer.

There is another well-known type of ma- 75
chine in which three or morejcoils, A’ B’ C,
on the armatare have a common joint, the
free ends being connected to the segments of a
commutator. This form of generator is illas-
trated in Fig. 3. In this case each terminal 8o
of the generator is connected directly or in
derivation to a continuous ring, ab ¢, and col-
lecting-brushesa’ b’ ¢/, bearing thereon,take off
the alternating currents that operate the mo-
tor. It is preferable in this case to employ a 83
motor or transformer with three energizing-
coils, A” B” C”, placed symmetrically with
those of ‘the generator, and the circuits from
the latter are connected to the terminals of
snch coils either directly—as when they are go-
stationary—or by means of brushes ¢’ and con-
tact-rings e. In this, as in the other cases, the
ordinary commutator may beused on the gen-
erator, and the current taken fram it atilized
for exciting the generator field-magnets or for g5
other purposes.

These examples serve to illustrate the prin-
ciple of the iuvention. It will be observed
that in any case it is necessary only to add the
contignous contact or collecting rings and to
establish the conuections between them and
the appropriate coils. -

It will be understood that this invention is
applicable to other types of machine—as, for
example, those by which the induced coils are
stationary and the brushes and magnet re-
volve; but the manner of its application is
obvious to one skilled in the art.

Having now described my invention,what I
claim is— ' :

1. The combination, with a converter hav-
ing independent energizing-coils, of a contina-
ous or direct current dynamo or magneto ma-
chine, and interwediate circuits permanently
connected at suitable points to the induced or
trgeuemting coils of the generator, as herein set

orth.

2. The combination, with a converter pro-
vided with independent energizing-cirenits, of
a continuous or direct current generator pro-
vided with continuouns collecting - rings con-
neoted in derivation to the armature-coils to
form the terminals of circuits corresponding
to those of the converter, as herein set forth.

NIKOLA TESLA.

10§

110
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Witnesses:
RosT. F. GAYLORD,
FRANK B. MURPHY,
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UNITED STATES

PAaTENT OFFICE.

NIKOLA TESLA, OF NEW YORK, N. Y., ASSIGNOR TO THE TESLA ELECTRIC
COMPANY, OF SAME PLACE.

DYNAMO-ELECTRIC MACHINE.

SPECIFICATION f

ing part of Lett:

Patent No. 390,721, dated October 9, 1888.

Application filed April 28, 1628 Serial No. 212,133. (Nomodol.)

To all whom it may concern:

Be it known that I, NIkoLA TFSILA, a sub-
ject of the Emperor of Austria, from Smiljan,
Lika, border country of Austria-Hungary, now

s residing at New York, in the connty and State
of New York, have invented certain new and
nseful Improvements in Electric Generators, of

- which the following is a specification, reference
being had to the drawing accompanying and

10 forming a part of the same.

My present invention relates, chiefly, to the
alternating-current system invented hy me
and described in prior patents, notably Nos.
381,968 and 382,280, of May 1, 1888, in which

15 the motors or transformers, or generally the
converters, are operated by a prégressive shift-
ing or movement of their magnetic poles pro-
duced by the co-operative action of independ-
cnt magnetizing-coils throngh which pass al-

20 ternating currents in proper order and direc-
tion. In my said system, as I have heretofore
shown, T cmployed a generator of alternating
carrents in which there were independent in-
duced or generating coils corresponding to the

25 energizing-coils of the converter, and the re-
lations of the generator and converters were
generally such that the speed of rotation of
the magnetic poles of the converter equaled
tuat of the armature of the generator.

30 To secure the greatest efficiency, it is neces-
sary to run the machines at a high speed, and
this is true not only of those generators and
motors which are particularly adapted for use
in my system, but of others. The practica-

35 bility of running at very high speeds, how-
ever, particularly in the case of large genera-
tors, i8 limited by mechanical conditions, in
seeking to avoid which I have devised various
plans for operating the system under efficient

40 conditions, althongh running the generator at
a comparatively low rate of speed.

My present invention consists of anether
way of accomplishing this result, which in
certain respects presents many advantages.

45 Acoording to the invention, in lien of driving
the armature of the generator at a high rate
of speed, I produce a rotation of the magnetic
poles of one element of the generator and drive
the other at a different speed, by which simi-

50 lar results are obtained to those secured by a
rapid rotation of one of the elements.

1 shall describe this invention by reference
to the diagram drawing hereto annexed.

The generator which supplies the current
for operating the motors or transformers con- 55
sists in this instance of a subdivided ring or
annular core wound with four diametrically-
oppositecoils, EE". Withintheringis mounted
a cylindrical armatare-core wound longitudi-
nally with two independent coils, ' F’, the 6o
ends of which lead, respectively, totwo pairsof
insulated contact or collecting rings, DD’'G G/,
on the armature-shaft. Collecting-brushes ¢ *
d’ g ¢ bear upon these rings, respectively, and
convey the currents throngh thetwo independ- 65
ent line-circuits M M'. In the main line there
may be included one or more motors or trans-
formers, or both. If motors be used, they are
constracted in accordance with my invention
with independent coils or sets of coils J J’, in- y0
cluded, respectively, in the circunits M M.
These energizing-coils are wonnd on a ring or
annular field or on pole piéces thereon, and
produce by the action of thc alternating cnr-
rents passing through them a progressive 75
shifting of the maguetism from pole to pole.
The cylindrical armature  of the motor is
wound with two coils at right angles, which
form independent closed circnits. *

If transformers be employed, I connect one 8o
set of the primary coils, as N N, wound on a
ring or annular core, to one circuit, as M’, and
the other primary coils, N' N, to the circuit
M. The secondary coils K K’ may then be
utilized for running groups of incaudescent 85
lamps P P,

With the generator I employ an exciter.
This consists of two poles, A A, of steel per-
manently magnetized, or of iron excited by a
battery or other generator of continuous cur- go
rents,anda cylindrical armature-core mounted
on a shaft, B, and wound with two longitudi-
nal coils,C C. One end of each of these coils
is connected to the collecting-rings b ¢, respect-
ively,while the other ends are both connected gg
to a ring, a. Collecting-brushes ' ¢’ bear on
the rings b ¢, respectively, and conductors I
L convey the carrents therefrom through the
coils E and E’ of the generator. I. is a com-
mon return-wire to brush a’. Two independ-
ent circuits are thus formed, one inclnding -
coils Cof the exciter and E F of the generator,
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the other coils C’ of the exciter and E' E' of
the generator. It results from this that the
operation of the2xciter producesa progressive
movement of the magnetic poles of the annu-
5 lar field-core of the generator, the shifting or
rotary movement of said poles being synch-
ronous with the rotation of the exciter-arma-
tare. Considering the operative conditions of
a system thus established, it will be found that
10 when the exciter is driven so as to energize
the field of. the generator the armature of the
latter, if left free to turn, would rotate at a
practically the same as that of the ex-
citer. If under such conditions the coils F
15 F of the generator-armature be closed upon
themselves or short-circuited, no currents, at
least theoretically, will be generated in the
said armature-coils. In practice I have ob-
served the presence of slight currents, the ex-
20 istence of which is attributable to more or less
pronounced fluctuations in the intensity of the
magnetic poles of the generator-ring. So, if
the armature-coils F F' be closed through the
motor, the latter will not be turned as long as
25 the movement of the generator-armature is
synchrouous with that of the exciter or of the
magnetic poles of its field.. If, on the con-
trary, the speed of the generator-armature be
in any way checked,so that theshifting or ro-
30 tation of the poles of the field becomes rela-
tively more rapid, currents will be induced in
‘the armature-coils. This obviously follows
from the passing of the lines of force across
the armature - conductors. The greater the
d of rotation of the magnetic poles rela-
tively to that of the armature the more rap-
jdly the currents developed in the coils of the
latter will follow one another, and the more
rapidly the motor will revolve in response
40 thereto, and this continues until the armature-
generator is stopped entirely, as by a brake,
when the motor, if properly constructed, runs
at the same speed with which the magnetic
poles of the generator rotate. -

The effective strength of the carrents devel-
oped in the armature-coils of the generator is
dependent upon the strength of the carrents
energizing the generator and upon the num-
ber of rotations per uuit of time of the mag-
so netic poles of the generator; bence the speed

of the motor-armature will depend in all cases
upon the relative speeds of the armature of
the generator and of its magnetic poles. For
example, if the poles are turned two thousand
55 times per unit of time and the armature is
turned eight hundred, the motor will turn
twelve hundred times, or nearly so. Very
slight differences of speed may be indicated by
a delicately-balanced motor.
60 Let it now be assumed that power isapplied
to the generator-armature to tarn it in a di-
rection opposite to that in which its magnetic
poles rotate. In such case the result would
be similar to that produced by a generator the
armature and field-magnets of which are ro-
tated in opposite directions, and by reason of
these conditions the motor-armature will turn

45

65
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at a rate of speed equal to the sum of the

.8peeds of the armature and maguetic poles of

the generator, so that a comparatively low
speed of the generator-armature will produce
a high speed in the motor.

It will be observed in connection with this
system that on diminishing the resistance of
the external circuit of the generator-armature
by checking the speed of the motor orby add-
ing translating devices in multiple arc in the
secondary circuit orcircuits of the transformer
the strength of the current in the armature-
circuit is greatly increased. Thisis due to two
causes: first, to the great differences in the
speeds of the motor and generator, and, sec-
ondly, to the fact that the apparatus follows
the analogy of a transformer, for, in propor-
tion as the resistance of the armature or sec-
ondary circuits is reduced, the strength of the
carrents in the field or primary circuits of the
generator is increased and the currents in the
armature angmented correspondingly. For
sintilar reasons the currents in the armature-
coils of the generator increase very rapidly
when the 8 of the armature is redaced
when running in the same direction as the
maguoetic poles or conversely.

It will be understood from the above de-
scription that the generator-armature may be
ruo in the direction of the shifting of the mag-
netic poles, but more rapidly, and that in such
case the 8§ of the motor will be equal to
the difference between the two rates.

In many applications to electrical couversion

and distribution this system great
advantaies both in economy, efficiency, and
practicability.

‘What I claim is— :

1. The combination,withan alternating-car
rent generator having independent energizing
or field and independent induced or arma-
ture coils, of an alternating - current exciter
having generating or induced coils corre-
sponding to and connected with the enefgizing-
coils of the generator, as set forth.

2. In an alternating-current generator, the
combination of the elements named and co-
operatively associated in the following maa-
ner: a field-magnet wound with indepeandent
coils each connected with a soarce of alternat-
ing currents, whereby the magnetic poles pro-
daced by said coils will be progressively
shifted or moved through the field, and an
armature-core wouud with independent coils,
each baving terminals from which currents
are delivered to the independent external cir-
cuits. )

.3. The system of electrical distribution con-
sisting of the combination, with an alternat-
ing - current generator having independent
energizing-coils and an armature wound with
independent induced coils, of an alternating-
current exciter having indnced coils corre-
spondingtoand connected with the energizing
coils of the generator, and one or more electri-
cal converters having independent inducing
or energizing coils connected with the corre-
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sponding armature coils of the generator, as | having induoced or generating coils correspond-
herein set forth. ing to and conpected with the energizing-coils
4. The combination, with an alternating-cur- | of the generator, as set forth. .
rent generator having a field-magnet wound NIKOLA TESLA.
s with independent energizing - coils and an ‘Witnesses:
armature adapted to be rotated within the RoBT. F. GAYLORD,
fleld produced by said magnet, of an exciter PARKER W. PAGE.
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PaTENT OFFICE.
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COMPANRY, OF SAMB PLACE

REQULATOR FOR ALTERNATE-CURRENT MOTORS.

SPBCIFICATION forming part of Letters Patent No. 390,820, dated Octobar 9, 1888.

Application filed Apell 4, 2008

To all whom it may concern:

Be it known that I, NIxora TEsLA, a sub-
jeot of the Emperor of Austria, from Smiljan,
Lika, border country of A ustria- Hungary,now

5 residing in New York, in the county and State
of New York, have invented certain new and
useful Improvements in Re{umm for Alter-
nating-Current Motors, of which the following
is a specification, reference being had to the

10 draWings accompanying and forming part of
the same.

My invention is an improvement in systems
for the electric transmission of power; and it
cobsists in a means of regulating the speed and

15 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
what may be in certain cases their equiva-
lents—theelectrical transformers—havetwoor

20 more independent energizing-circuits, which,
receiving current from correspondingsources;
.aet to.set up a progressive movement orshift-
ing of the magnetic poles of the. motors; but
the invention 1s also applicable to other pyr-

15 poses, a8 will hereinafter appear. I employ
the reg r for the purpose of varying the
speed of these motors.

The regulator proper consists of a form. of
converter or transformer with one element ca-

3o pable of movement with respect to the other,
whereby the induotiverelations may bealtered,
either manually or automatically,for the pur-
pose of varying the strength of the induced
current. I prefer to construct this devico in-

35 such manner that the induced or secondary
element may be movable with respect to the
other; and the improvement, 8o far as relates
merely to the construction of the device itself,
consists, essentially, in the combination, with

40 two opposite magneti:egoles, of an armature
wound with d@n insul corl and mounted on
a whi it may be turned to the de-
sired extent within the field produced by the
poles. The normal position of the core of the

element is that in which it most

45 secondary
g:::pletely closes the magnetic circuit between

poe

for
so ooil
eith

Serfal Xo. 071,008 (Xemedal)

its coil become weaker uatil, by & movement
of the said core and coil thi h ninety de-
grees, there will be no current delivered.

The construction of this device, broadly, I sg
do not claim as of my invention; but this, to- s
er with the manuer of applying aud using
he same, which forms the suhject of my tn-
ventian, I will now exPl:in by reference to

the neoompanyinf drawin

Figure 1 i8 a view in side elevation of the
regulator. Fig. 3 is a broken section on line
z z of Fig. 1. Fig. 3 isadiagram illustrating
the preferred mauner of applying the regu-
lator to ordinary forn\a of motors, aud Fig, 4 63
is a similar diagram illustrating the applioa-
tion of the device to my improved alternating-
current motors.

The regulator may be coustructed in many
ways to secure the desired result; but in the y0
best form of which I am now aware it is shown
in Figs. 1 and 2.

A represents a frame of ‘iron, and I wounld
here state that the plan which is now invari-
ably followed of dividing up all iron cores 73
which are snbjected to the inflnence of alter-
nating curreats should be adopted in the con-
struction of this device.

B B are the cores of the inducing or pri-
mary coils O O, sald cores being integral.with 8o
or bolted to the frame A in any well-knowun

way.

D is a shaft mounted in the sido bars, D,
and on which is secured a sectional iron core,
‘F,wound with an induced or secondary coil, 8g
F, the convolutions of which are parallel with
the axis of the shaft. The ends of the core
are rounded off, 80 as to fit closely in the space
between the two poles and permit the core E
to be turned. A handle, G, secared to the go
projecting end of the shaft D, is provided for
this purpose.

Any means may be eniployed for maintain-
ing the oore and secondary coil in an{ given
position to which it is turned by the handle. ¢g

The operation or effect of the device will be
understood by reference to the diagrams illos-

plication.

an ordinary alter-

e fleld-mugnets of y00

\ble soares of car-
ordinary form of

.
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electro - m c motor provided with an
armature, K, commutator L, and field-mag-
pets M. It is well known that such a motor,
if its field- eta’ ocores be divided up into
s insulated ons, may be practically oper-
ated by an alternating current; but in using
my regulator with such a motor I include one
element of the motor only—say the armatare-
colls—in the main cirouit of the generator,
10 making the connections through the brushes
aad the commutator in the usual way. Ialso

joelude one of the elemeats of the
my the stationary coils—in the same circuit,
apd in the circuit with the secondary or mov-
15 able coil of the regulator I connect up the
field-coils of the motor. , I prefer to nse flexi-
ble conductors to make the connections from
the secondary coil of the regulator, as I there-
by avoid the use of nlidi:g oontacts or rings

e

20 without interfe with requisite move-
meat of the core
If the lator be in its normal tion,or

that in which its magnetic circuit is most
pearly closed, it delivers its maximum indaced
35 current, the phases of which so correspond
with those of the primary current that the

motor will run as h both field and arma-
tare were excited e main carrent.
To vary the s, of the motor to any rate

30 bétween the minimum and maximumn rates,
the wore E and coils F are turned in either di-
rection to an extent which produces the de-
sired resalt, for in its normal position the con-
volutions of coil F embrace the maximum

35 namber of lines of force, all of which act with
the same effect npon said ooil; hence it will
deliver its maximum current; But by ml:}g
the coil F out of its position of maximum ef-
fect the number of lines of foroe embraced by

4o itisdiminished. The indnctive effect is there- |

fore impaired, and the current delivered by
coil F will continue to diminish in proportion
to the angle at which the coil F is tarned un-
til, after passing through an angle of ninety
the convolutions of the coil will be at
right angles to those of coils C C, and the in-
duoctive effect reduced to a minimum.
Incidentally to certain constructions, other
camses may influence the variation in the
50 strength of theinduced currents. For exam-
ple, in the present case.it will be observed
that by the first movement of cofl F a certain
portion of its convolutions are carried byyond
tha line of the direct influence of the lived 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
6o of the bobbin or coil F, diagonally-opposite
portions of the coil will be simultaueo y in-
claded in the field, but in such positions that
the lines which produce a-current-impalse in
one portion of the coil in a certain direction
65 will produce in the diagonally-epposite por-

45

LY

_tion of the device may be

tion a corresponding impalse in the opposite
direction; hence portions of the current will
neutralize one another.

As before stated, the mechanical coostras-
1y varied; bat 7o
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 the same results by varyinﬁ'the
inductive relations of the two elemeuts in & 75
manner similar to that described.

It may also be stated that the core E is not
indlsgemble to the operatiod of the la-
tor; but its presonce is obviously beneficial.
Thfl regulator, however, has another valnable
property in its capability of reversing the mo-
tor, for if the coil F be tarned through a balf-
revolution the position of its convolations
relatively to the two coils C C and the lines .
of force is reve: and consequently the g5
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
tem of utilizing lltornsting carrents,in which
the magnetic poles of the field of a motor are
progressively shifted by meaus of the com-
bined effects upon the field of magnetizing-
eo.:l‘s :nclnd:]d in ::tdiependentcggmh,thmué
whic! ;)ass ternating currents in propor or-
der and relations to each other.

In illustration, let P represent one of my
geperators having two independeut coils, P’
and P”, on the armature, and T « diagram of
& motor ha two inde, ent energixing-
coils or sets of coils, R R. One of the cir-
cuits from the generator, as 8’ 8', includes one
set, R' R, of the energizing-coils uf the motor,
while the other circuit, as S 8, includes the
primary coils of the regnlator. The second-
u{ coil of the regunlator 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 carrent, and the maximum rotary effect
is imparted to the motor; but this effect will
be diminished in proportion to the angle at
which the coil F of the r is turned.
The motor will also be reversed by reversing
the position of the coil with reference to the
coils C G, and thereby reversing the phases of
the carrent prodnced by the generator. This
eha;fes the direction of the movement of the
shifting poles which the armature follows.

One of the main advantages of this plan of 120
regulation is its economy of power. When
the induced coil is generating its maximum
current,the maximum amount of energy in the
primary coils is absorbed; but as the indaced
ooil is tarned from its normal position the
sell-induction of the primary coils reduces the
exfmdlwro of en and saves power.

t is obviouns that In practice either ocoils C
O or coil F may be used as primary er second-
ary, and it is well understood that their rela- 130
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reverved, \be ia-
ks deleg included in
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NIKOLA TESLA.
18 to one another, vherehy the at h Witaesmses:
of the induced currents b varied, the la- Roar. F. GayLorb,
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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. 401,590, dated April 16, 1880,
Agplication Siod Pobruacy 18, 1389, Sucial Ko 300,230, (Fo madel)

To all whom it n oconcern:

v ungary, and

s residing at New York, in the county and State
of New York, have invented certain new and
useful Improvements in Methods of Operating
Electro- etic Motors, of which the follow-
ingis a ification, reference being had to
g8 accomppnying and forming a

part of the same.

As is well known, certain forms of alternat-
ing-current machines have the property, when
connected in circuit with an alternating-cur-

15 rent generator, of ranning as a motor in syn-
chronism therewith; but,while the alternating
current will run the motor after it has attained
s rate of gynchronous with that of the
.generator, it will not start it. Ilence,in all

-0 instances heretofore where 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 J;en-
erator, or approximately so, before the alter

a5 pating 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 counstruc I have dis-

30 covered a much more simple method or plan
of operating synchronizing-motors, which re-

uires practically no other apparatus than
3\0 motor itself. In other words, by a cer-
tain change in the cirenit-connections of the

35 motor I convert it at will from a double-cir-
cuit motor, or !(‘lmh a“t:”I have d;w;llb‘o;d iﬁ

r patents and applications, and which wi
m under the action of an alternating cur-
rent into a synchronizing-motor, or one which

40 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 to secure

45 all the advantages of both forms of alternat-
ing-current motor.

e expression “synchronous with that of
the generator,” is used herein in its ordinary
tation—that is to say, a motor is said to

50 mmnize with the generator when it pre-
serves a certain relative speed determined by
its number of poles and the nunber of alter-

nations produced per revolution of the

ator. Itsactual therefore, may be

or slower than that of the generator; butitis 5
said to be synchronousso long as it preserves
the same relative speed.

In carrying out my invention I construct a
motor which has a strong tendency to synch-
ronism with the generator. The construe-
tion which I prefer fot 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 & switch mechanism, by means of 65
which the line-current. may be carried di
through the said coils or indirectly th !
paths by which its phases are modified.
start such a motor, the switch is turned onto
a set of contacts which includes in one motor- 70
circuit a dead resistance, in the other an in-
ductive resistance, and, the two cirouits being
in derivation, it is obvious that the difference
in phase of thé current in such cireunits will
set up a rotation of the motor. When the 75
8 of the motor has thus been Lrought to
the desired rate, the switch is shifted to throw
the main currept directly through the motor-
circuits, apd although currents in both
circuits will now be of the same phase the 8a
motor will continue to revolve, becoming a
true synchronous motor. To secure greater
efficiency, I wind the armature or its polar pro-
jections with coils clored on themselves.
There are various modifications and impor- 85
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 go
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. 95

Referring to Fig. 1, let A designate the field-
magnets of & motor, the polar projections of
which are wound with coils B C included in
independent circuits, and D the armature
with polar projections wound with coils E
cl upon themselves, the motor in these
respects being similar in construation to those
described 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 features, the
properties of a synchronizing-motor.

L L’ represent the conductors of a line from

§ an alternating-ourrent 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 conducting plates or arms, pivoted

10 at their ends and connected by an fnsulating
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

15 is one terminal of the circunit through coils B.
The opposite end of the wire of colls C is con-
nect:
sponding end of coils B-is connected to wire
L’ and bar F; hence if the bars be shifted so

20 a8 to bear on contacts 2 and 4 both sets of
coils B C will be included in the circuit L 1’
in multiple arc or derivation. In the path of
the levers F F’ are two other contact-termi-
nals, 1 and 3. The contact 1 is connected to

25 contact 2 through an artificial resistance, I,
and contact 3 with contact 4 through a self-
indaction 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

30 multiple arc or derivation to the circuit L L’,
and will include the resistance and self-in-
duction coil, respectively. A third position
of the switch is that in which the levers F and
F’ are shifted out of contact with both sets of

35 points. In this case the motor is entirely out
of circuit.

The purpose and manner of operating the
motor by theee devices are as follows: The
normal position of the switch, the motor be-

40 ing out of cireunit, is off the.contact-points.
Assuming the generator to be running, and
that it is desired to start the motor, the switch
is shifted until its levers rest upon points 1
and 3. The two motor-circuits are thns con-

45 nected with the generator-circuit; but by rea-
son of the presence of the resistance I in one
and the self-induction coil J in the other the
coincidence of the phases of the current is
disturbed sufficiently to produce a progression

so of the poles, which starts the motor in rota-
tion. hen the speed of the motor has run
up.to synchronism with the generator, or ap-
proximately so, the switch is shifted over onto

the points 2 and 4, thus cutting out the coils "

ss 1and J, so that the currents in both circuits
have the same phase; but the motor now runs
a8 a synchronous motor, which is well known
to be a very desirable and efficient means of
converting and transmitting power.

60 Itwill be understood that when ‘brought up
to speed the motor will run with only one of

the circuits B or C connected with the main-

or generator circuit, or the two circuits may
be connected in series.. This latter plan is
65 preferable when a cnrrent having a high
number of alternationsper unitof time is em-
ployed to drive the motor. In such case the

to the wire L or bar F’,and the corre- |

starting of the motor is more difficult and the
dead and inductive resistances must take up a
cbnsiderable proportion of the electro-motive 70
force of the circuits. Generally I'so adjust the
conditions that the eleetro-motive force used

in each of the motor-circnita is that which is
required to operate the motor when its cir--
cuits are in series. The plan which I follow 75
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 switch used is of sub-
stantially the same construction. as that 8o
‘shown in theprevious figure. 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-coils,
are connected to the terminals in the follow- 85
ing order: One end of circuit C is connected

to contact 9 and to contact 5 through a dead
resistance, I. One terminal of circuit B is
connected to contact 7 and to ocontact 6
through a self-induction coil, J. The oppo- 9o
gite terminals of both circuits are connected

to contact 8.

One of thelevers,as F,of the switch is made
with an extension, f, or otherwise, so as to
cover both contacts 5 and 6 when shifted into 95
the position to start the motor. It will be ob-
served that when in this position and with
lever F’ on contact 8 the current divides be-
tween the two circuits B C, which from their
difference in electrical character produce 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 eircuits Band 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
of ‘the poles into an ordinary synchronizing-
motor maf be carried out in many other
ways. Forinstance,instead of using theswitch
shown in the previous figures, I may use a
temporary ground-circuit between the gen-
erator and motor, in order to start the motor,
insubstantially the mannerindicated in Fig. 3.
Let G in this figure represent an ordinary
alternating-current generator with, say, two
polés, M M’, and an armature wound with
two coils, N N’, at right angles and connected
in series. The motor has, for example, four
poles wound with coils B C, which are con-
hected in series and an armature with polar
projections D wound with closed coils E E.
From the common joint or union between the

g

105§

110

120

two circuits of both the generator and the

motor an earth- connection is eatablished,
while the terminalsorends of the said circuits
are connected to the line. Assuming that
the motor is a synchronizing-motor or one
that has the capability of running in synch-
ronismm with the generator, but not of start-
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ing, it may be started by the above-described

apparatas by closing the ground-connection

from both generator and motor. The system

thus becomes one with a two-circuit genera-
§ tor and motor, the ground forming a common
return for the currents in the two circuits L
and I’. When by this arrangement of cir-
cuits the motor is brought to speed, the
ground-connection is broken between the mo-
tor or generator, or both,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 electrical devices of similar s;
such, for instance, as driving-belts;
loose pulleys for the motor, and the like; but
these are matters well understood.

In describing my invention by reference to
specific constructions I do not wish to be un-
derstood as limitingnmyself to the construc-
tions shown; and in explanation of my in-
tent in this respect I would sainthat I mayin
such forms of apparatus as I have shown in
Figs. 1 and 2 include the dead resistance and
self-induction coil in’ either circuit, or use
only a dead resistance or a self-induction
coil, a8 in the various ways shown in my ap-
})lication, No. 293,052, filed December 8, 1888.

may also use any form of switch, 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 I may employ any of
the known means for this purpose.

I believe that I am the first to operate elec-
tro-magnetic motors by alternating currents
in any of the ways hereiii su, ted or de-
scribed—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

45 reached a given speed, and then by the same
currents producing a simple alternation of
their poles, or, in other words, by a change in
the order or character of the circuit-connec-
tions to convert a motor operating on one

5o principle to one operating on another, for the
purpose described.

10
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tems—. |
and

I do not claim herein of itself the method
of or apparatus for operating & motor which
forms a part of $his invention and which in-
volves the prineiple of varying or modifying 55
the currents passing through the energizing-
circuits, so as to produce between such 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, 6o
broadly, the method as a whole which I have
herein set forth.

What I claim is—

1..The method of operating an alternating-
current motor herein described by first pro- 65
greesively shifting or rotating its poles or
points of greatest attraction and then, when
the motor has attained a given s , alter
nating the said poles, as described.

2. The method of ?iperatin an electro-mag-
‘netic motor herein described, which consists
in pagsing through independent enerizing-
circuit3 of the motor alternating currents dif-
fering in phase and then, when the motor has
attained a given speed, alternating currents 75
coinoiding in phase, as describeq.

3. The method of operating an electro-mag-
;netic lmrt{:‘emin desl;':ri whi:lh consists

n starting the motor by passing giternating
currents differing in phase through independ-
ent energizing-circuits and then, when the mo-
tor has attained a given speed, joining the en-
ergizing-circuits in series and passing an al-
ternating current through the same.

4. The method of operating a synchroniz- 8g
ing-motor, which corsists in passing an alter-
nating current through independent energiz-
ing-circuits of the motor and introducing into
such circuits a resistance and self-induction
coil, whereby a difference of phase between go
*the currents in the circuits | be obtained,
and then, when the speed of the motor synch-
ronizes with that of the dgenemtor, with-

70

drawing the resistance and self-induction
coil, as set forth.
NIKOLA TESLA.
Witnesses: '

‘GEO. M. MONRO,
Wi H. LEMON.
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UNITED STATES

PAaTENT OFFICE.

NIKOLA TESLA, OF NEW YORK, N. Y., ASSIGNOR TO THE TESLA ELECTRIC
COMPANY, OF SAME PLAUE.

ELECTRO-MAGNETIC MOTOR.

SPECIFICATION forming part of Letters Patent No. 405,858, dated June 25, 1889,
Applioation fled January & 1880, Berial No. 305,748, (Mo model)

To all whom it may concern:

Be it known that I, NIKOLA TESLA, from
Smiljan, Lika, border country of Austria-
Hungary, a subject of the Emperor of Aus-

5 tria, residing 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,

specification, reference being had to the draw-
10 ings accompanying and forming a part of the
sam

e.
In order to define more clearly the relations
which the motor forming the subject of my
present application bears to others of -the
15 class to which it pertains, I will recapitulate
briefly the forms of alternating-current mo-
tors inyented by me and described more in
detail m my prior patents and applications.
Of these fhere are two principal types or
20 forms: first, those containing two or moreen-
ergizing-circuits through which are caused to
pass alternating currents differing from one
another in phase to an extent sufficient to
produce a continnous progression or shiftin
25 of the poles or.points of greatest magneticef-
fect, in obedience to which the movable ele-
ment of the motor is maintained in rotation;
second, those containing polesor of dif-
ferent magnetic susceptibility, which under
30 theenergizing influence of the same currentor
two currents coinciding in phase will exhibit
differences in their m&gnetie periods or
phases. In the firstclassof motors the torgxixte
is due to the magnetism established .in dif-
35 ferent portions of the motor by currents from
the same or from independent sources, and
exhibiting time differences in phase. In the
second class the torque results from the en-
. ergizing effects of a current upon parts of
40 the motor which differ in magnetic suscepti-
bility—in other,words, parts which respond to
the same relative d to the action of a
current, not simultaneously, but after dif-
ferent intervals of time. In my present in-
45 vention, however, the torque, instead of being
solely .the result of a time difference in the
magnetic periods or phases of the poles or at-
tractive parts to whatever cause due, is pro-
duced by an angular displacement of the
5o parts which, though movable with respect to

one another, are magnetized simultaveously,
or approximately so, by the same currents.
This principle of operation I have embodied
practically in a motor in which I obtain the
neocessary angular displacement between the 55
points of greatest magnetic attraction in the
two elements of the motor—the armature and
field—by thedirection of the lamination of the
magnetic cores of said elements, and the best
means of accomplishing this result of which 6o
I am at present aware I have shown in the
aoccompanying drawings.
-~ Figure 1 is a side view of the motor with a
rtion of its armature-core exposed. Fig. 2 ’
8 an end or edge view of the same. Fig.3is 65
a central cross-section of the same, the arma-
ture beinx shown mainly in elevation..
Jot A A designate two plates built ,up of
thiu sections or lamine of soft iron ingulated
more or less from one another and held to- 70
gether by bolts a or any other suitable means
and secured to a base B. The inner faces of
these plates contain recesses or ves in
which & coil or coils D are secured o! li%l\xrel&to
the direction of the laminations. ithin 75
the cdils D is a disk E, preferably composed
of a spirally-wound iron wire or ribbon or a
series of concentric rings and mounted on a
shaft F, having bearings in the plates A A.
Such a device when acted upon by an alter-
nating current is capableof rotation and con-
stitutes & motor, the operation of which I ex-
plain in the following manner: A current or
current-impulse traversing the coils D tends
to etize the cores A and E, all of 85
which are within the influence of the mag-
netic field of the coils. The poles thus es-
tablished would naturally lie in the same line
at right angles to the coils D, but in the plates
A they are deflected by reason of the direc- go
tion of the laminations andappear at or near
the extremities of said plates. In the disk,
however, where these conditions are not pres-
ent, the poles or points of greatest attraction
are on & line at right angles to the plane of
the coils; hence there will be a torque estab-
lished by this angular displacement of the
poles or magnetic lines, which starts the disk
in rotation, the magnetic lines of the armature
and field tending toward a position of paral- 100
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lelism. This rotation is continued and main-
tained by the reversals of the current in coils
D D, which change alternately the polarity
of the field-cores A A. This rotary tendency
5 or effect will be greatly increased by winding
the disk with conductors G, cloxed upon them-
selves and having a radial direction, whereby
the magnetic intensity of the’ poles of the
disk will be greatly increased by the energiz-

10 ing effect of the currents induced in the coils
G by thealternating currentsin coils1. The
plan of winding and the principle of opera-
tion have been fully explained in my patent,
No. 382,279, of May 1, 1888.

15 The cores of the disk and field may or may
not be of different magnetic snsoe(p ibility—
that is to say, they may both be o
kind of iron,s80 as to be magnetized at ap-
proximately the same instant by the coils D;

20 or one may be of soft iron and the other of
hard,in order that a corlain time may elapse
between the periods of their magnetization.
In either case rotation will be produced; but
unless the disk is provided with the closed

2§ energizing-coils it is desirable that the above-
described difference of magnetic suscepti-
bility be utilized to assist in its rotation.

The cores of the field and armature may be
made in various ways, as will be well under-

- 30 stood, it being only requisite that the lamina-
tions in each be in such direction as to secure
the neeessary angular displacement of the

- points of greatest attraction. Moreover, since
the disk may be considered as made up of an

s infinite number of radial arms, it is obvious
that what is true of a disk holds, under well-
understood conditions, for many other forms
of armature, and my invention in this respect
is in no sense limited to the specific formn of

40 armature shown.

It will be understood that the spocific ways
of carrying out this invention are almost with-
out number,and that, therefore,I do not limit
myself to the precise form of motor which I

45 have herein shown.

I believe that I am the first to produce ro-
tation of an armature, at least such as could
be utilized for any general or practicable pur-

, poscs, by meansof analternating current pass-
so ing through a single coil or several coils act-
ing as one, and which have a direct magnet-
izing effect npon the cores of both armature
and ficld, and this I claim in its broadest sense.

1 further believe that I am the first to im-

the same "

.. 3. In an electro-m:

-magnets, both fiel

part directly, by means of an alternating cur- 55

rent, magnetism to the cores of the two ele-

ments of a motor, and by the direction of the

lamination of one or hoth of the same to pro-

duce an angular displacement of the poles or

2im;s of magnetic force of the coree, respect- 6o
vely.

What I therefore claim is—

1. An clectro-magnetic motor consisting of
a field-magnet, a rotary armature, and a sin-
gle coil adapted to be connected to a source 65
of alternating currents and to impart magnet-
isn to both the armature and the field-magnet
with angular displacement of the maximum
points, as set forth.

2. In an electro-magnetic motot, the combi- yo
nation, with & ocoil pted to be connected
with a source of alternating currents, of a
field-magnet -and rotary armature the cores
of which are in such relation to the coil as
to be energized thereby and subdivided or 45
laminated in such manner as to produce an
angular displacement of their poles or the
magnetic lines therein, as set forth.
etic motor, the combi-
nation, with a coil adapted to be connected 8o
with a sourceof alternating currents, of field-
magnets with laminations lying obliquel({ to
the plane of said coil and a circular or disk
armature monnteg to rotate between the field-

and armature being under 85
%ho l1:ngnet.izzing influence of the coil, as set
orth. :

4. In an electro-magnetic motor, the combi-
nation, with a coil adapted to be connected
with & source of alternating currents, of field- go
magnets with laminations lying obliquely to
the plane of the coil and a circular or disk

‘armature with spiral or concentric lamina-

tions mounted between the field-magnets,both .
field and armature being under the magnet- 95
izing influence of the coil, as set forth.

5. In an electro-magnetic motor, the combi-
nation, with a coil adapted to be connected to
a source of alternating currents, of a field-
magnet and a rotary armature with closed
coils thereon, both the field and the armature
being under the magnetizing influence of said
coil and laminated to produce an angular'dis-
placement of the poles of the two coree.

NIKOLA TESLA.

WWitnesses:

EDWARD T. EVANS,
GEORGE N. MONRO.
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UNITED STATES

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

PATENT OFFICE.

ASSIGNOR TO TIHE 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 fled Marck 14,1880, Berial No. 303,351, (Mo rodel.)

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-

5 siding at New York, in the county and State
of New York, have invented certain new and
useful Imprevements in Methods of Electrical
Power Transmission, of which the following
is & specification, reference being had to the

1o 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

15 claims of, an application filed by me February
18, 1889, No. 300,220.

As is well known, certain forms of alternat-
ing-current machines have the property, when
connected in circunit with an alternating-cur-

10 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 g| synchronous with that
of the generator, it will not start it; hence, in

25 all "instances heretofore where these “syn-
chronizing moters,” as they are termed, have
been-run,some means have been emploj ed to
bring the motors up to synchronism with the
generator, or approximately so, before the

30 alternating current of the generator is applied
todrive them. In someinstances mechanical
appliances have been utilized for this par-
pose. In others special and complicated
forms of motor have been constructed.

35 My present invention is an improvement in
methods of operating these motors and in-
volves a new and improved plan of bringing
the motor up to the proper rate of speed, that
it may be run in synchronism with the gen-

4o erator.

The expression “synchronism with the gen-
erator”is used herein in its ordinary accepta-
tion—that is to say, a motor is said to syn-
chronize with the generator when it preserves

45 a certain relative speed determined by its
namber of poles and the number of alterna-
tions produced per revolution of the gener-
ator. Its actual speed, therefore, may be
faster or slower than that of the generator,

5o but it is said to be synchronous so long as it
preserves the same relative speed.

-ing coils or sets of coils.

In carrying out my present invention I con-
struct a generator with two coils or sets of
coils and a motor with corresponding energiz-
By means of two 53
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 coils,
while the opposite terminals of the generator-
coils are joined together and likewise thoge of 60
the motor.

To start the motor I establish temporarily
an electrical connection between the points of
connection between the coils in the generator
and those in the motor, so that the system 65
becomes an ordinary double-circuit system
identical with that described in my patent,
No. 390,313, of October 2,1888, except that the
generator and motor constructed in any
well-known way with' a strong tendency to 70
synchronize. When by this plan of connec-
tion-the motor has attained the desired speed,
the earth-connection is severed, by which
means the system becomes an ordinary single-
circuit synchronizing system. 75

In the drawing I have illastrated this
method by a diagram.

Let G represent an ordinary atternating-cur-
rent generator having four field-poles A, per-
manently or artificially magnetized, and an 8o
armature wound with two coils C connected

ther in series,
t M represent an alternating-current mo-
tor with, say, four poles D, the coils on which

' are connected in pairs and the pairs connected 85

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-connectian F is es- go
tablished, while the terminals or ends of the
said coils or circnits which they form are con-
nected to the line-conductors II H.

Assuming that the motor is & synchronizing
motor, or one that has the capability of run- g5
ning in synchronism with the generator, but
not of starting, it may be started by the above-
described plan by closing the ground-connec-
tion from both generator and motor. The
system thus becomes one with a two-circuit 100
generator and motor, the ground forming a
common return for the currents in the two
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wires H H. When by this arrangement of
cireuits the motor is brought to speed, the
ion is broken between the gen-
erator or motor or both and ground, switches
s K K being employed for this purpose. The
motor then runs as a synchronizing motor.
This system is capable of various useful ap-
plieations which it is not necessary to describe
in detail; but it will be enough to say that the
10 eonvertibility of the system from double cir-
cuit to single circuit is-a feature in itself of
great value and utility.
1 do not wish te be understood as confining
myself to the precise \ngement or order of
15 comnections herein set forth, as these may be
sbviously varied in many respects.
‘What I claim is—
1. The method of operating synchronizing

motors herein described, which consisis in
electrically connecting intermediate points of 20
the inducing-circuit of the generator and the
energizing-circuit of the motor until the motor
has reached a desired speed and then inter-
rupting such connection, as set forth.

2. The method herein described of starting 25
or operating syn ing motors, which con-
sists in electrically connecting intermediate
points of the inducing-circuit of the generator
and the energizing-circuit of the motor to
earth until the motor has reached the desired $o
i and then interrupting either or both of
e ground-connections, as set forth.

NIKOLA TESLA.
‘Witnesses:

EDWARD T. EVANS,

E. C. UpsTILL.
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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 OPERATING ELECTRO-MAGNETIC MOTORS.

SPECIFICATION forming part of Letters Patent No. 418,109, dated Decomber 3, 1889,
Application fled May 20, 1889, Surial No. 311,414, (Mo model)

To all whom it may concern:

Be it known that I, NIROLA TESLA, a sub-
ject of the Emperor of Austria, from Smiljan,
Lika, border country of Austria-Hungary, and

5 a resident of New York, in. the couaty 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-

10 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 described a
method of starting and operating synchro-

15 nizing motors which involved the transforma-
tion of the motor from a torque to a synchro-
nizing motor. This I have heretofore done
by a change of the cirouit-connections, where-

by on the start the poles or resultant attrac-

20 tion of the fleld-magnets of the motdr were
shifted or rotated by the action of the current
until the motor reached synchronous speed,
after which the poles were merely alternated.
The present application isbased upon another

25 way of accomplishing this result, the main

_ features being as follows: If an alternating
current be through the fleld-coils on}y
of a motor having two enelgiaing-cimnits of
different self-induction and the armature-

30 obils 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

also through the armature-coils the

35 tendency to remain in synchronism is very
considerably increased. This is due to the
fact that the maximum magnetic effects pro-
duoced in the field and armature more nearly
coincide. This principle discovered by me I

40 have utilized in the operation of motors. 'In-

other words, I constract a motor having in-
dependent fleld-circuits of different self-in-
daoction, which are joined in derivation to a
source of alternating currents. The arma-
45 ture I wind with one or more coils, which are
connected with the field-coils through contact
rings and brushes, and around.the armature-
coils I arrange a shunt with means for open-
ing orclosing the same. In starting this mo-
so tor I close the shunt around the armature-
ooils, which will therefore be in closed cir-
cuit. When the current is directed through
the motor, it divides between the two circuits,

"ing shbuld be such as te produce four poles,

(it is not necessary to consider any-case where
there are more than two circuits used,) which, ss
by reason of their different self-induction,
secure 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 6o
indaced. in the closed—or short-circuited—

‘armature-coils. and the motor has a stron

torque. When the desired speed is reached,
the shuntaround the armature-coils is opened
and the anrrent directed through both arma- 65
ture ‘and field coils. Under these condi-
tions the motor has a strong tendency to
Bynchronism.

In the drawings hereto annexed I have
illustrated several modifications of the plan 70
above set forth for operating motors. The

‘figures are diagrams, and will be explained

in their order.

Figure 1: A and B desigunate the field-coils
of the motor. As the circuits including these 75
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 cir-
cuit with B. The same result inay of éourse
be secured by the winding of the coils. T is 8o
the armature-circuit, the terminals of which
are rings a b. Brushes ¢ d bear on_ these
rings and connect with the line and field
cironits. D is the shunt or short circuit
around the armature. E is the switch there- 85
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 fleld-cir-
cuits A and B being of different self-induc- go
tion, there will always -be a ter lag of
the current in one than the other, and
that, general‘:?, the armature phases will not
correspond with either, but with the result-
ant of both. It is therefore important to ob- 95
serve the propeér rule in winding the arma-
tare. For instance, if the motor have eight
poles—foar in each circuit—there will be four
resultant poles, and hence the armature-wind-

g

in order to counstitute a true synchronizing

motor.

Fig 2: This diagram differs from the pre-
vious one only in respect to the order of con-
nections. In the present case the armature-
coil, instead of being in series with the fleld-

o§
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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
10 are F G. To indicate their different elec-
trical character, I have shown in circuit with
them, respectively, the resistance R’ and the
self-induction coil §’. The two armature coils
are in series with the fleld-coils and the same
15 disposition of the shuat or short circuit D is
used. Itisofadvantageintheoperation of mo-
tors of thiskind to construct or wind the arma-
ture in such manner that when short-circuited
on the startit will have a tendency to reach a
20 higher speed than that which synchronizes
with the generator. Forexample, & 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
25 synchronism. It will generally happen, how-
ever, that this speed is not reached, owing to
the fact that the armature and fleld currents
do not properly correspond, so that when the
carrent is passed hrough the armature (the
30 motor not being quite ap to synchronism).
there is a liability that it would not “hol
on,” as it is termed. I therefore prefer to so
wind or construct the motor that on the start,
when the armature-coils are short-circuited,
35 the motor will tend to reach a speed higher
than thesynchronous—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 sgnch-
40 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: 1 wind on the armature two sets
45 of coils. On the start I short-circuit one only,
thereby producing a number of poles on the
armatitre, which will tend to run the speed up
above the synchronpus limit. When such
limit is reached or passed, the current is di-,
50 rected through the other coil, which, by in-
creasing thenumber of armature-poles, tends
to maintain synchronism. In Fig. 4 sdch a
disposition is shown.' The motor having,
say, eight poles contains two field-circuits A
§5 and B, of different self-induction. The arma-
ture has two coils F and G. The former is
closed upon itself, the latter connected with
the field and line through contact-rings a b,
brushes ¢ d, and a switch E. On the start
6o the coil F alone is active and 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-pales is increased,
while the motor is made a true synchronous
65 motor. This disposition has the advantage
that the closed armature-circnit imparts to
the motor torque when the speed falls off, but.

(7.

at the same time the conditions are such that
the motor comes out of syn meore
readily. To increase the tendency to synch- 70
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
cirouit after the synchronousspeed is reached

or passed. This disposition is shown in Fig. 75
5. There are three contact-rings a b e and
three brushes ¢ d f, which connect the arma-
ture-circuits with the external circuit. On
starting, the switch H is turned to éomplete
the connection between one binding-post P 8o
and the field-coils. This short-circuits one
of the armature-coils, a8 G. The other coil

F is out of circuit and open. When the
motor is up to speed, the switch H is turned
back, 8o that the connection from binding- 85
post P to the field-coils is through the coil
@G, aud switch K is closed, thereby inclnding"
coil F in multiple are with the fleld-coils.
Both armature-coils are thus active.

From the above-described instances it is go
evident that many other dispositions for car-
rying out the invention are possible.

I do not claim herein the method and
means described and shown for operating a
motor by producing artificially a difference g5
of current pbase in its independent ener-
gizing-circuits; nor do I claim, broadly, a
motor having independent energizing- cir-
cuits of different sélf-induction and arma-
ture-circuits connected therewith, as these 160
features are made subjects of other applica-
tions which I have filed.

What T claim is—

- 1. The method herein described of operat-
ing alternating-current motors having inde-
pendent energizing-circuits, which consists
in short-circuiting the armature circuit or
circuits until the motor has reached or
4 synchronizing speed and then connecting
said armature-circuits with the external ecir-
cuit, as set forth.

2. The method of operating alternating-
carrent motors having fiéld-coils of different
self-induction, which consists in directing al-
ternating carrents from an external source
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. -

8. The method of opemtin%s alternating- -
current motors having field-coils of different
gelf-induction, which consists in directing al-
ternating currents from an_external source
through%he field-circuits and short-circuiting 125
a part of thearmature-circuits, and then when
the motor has attained a given speed direct-
ing the alternating currents through both the
field and one or more of the armature-circuits,

as set forth.
NIKOLA TESLA.
"Witnesses:

ROBT. F. GAYLORD,
FRANK E. HARTLEY.
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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 Letters Patent No. 416,198, dated December 3, 1889.
Application filed May 30, 1880, ' Serial We. 811,415, (Wo model.)

To all whom it may concern:

Be it known that I, NIKOLA TESLA, a sub-
ject of the Emperotof Austria, from Smiljan,
Lika,. border conntry of Austria-Hungary, re-

5 siding at New York, in the county andrgtaw
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-

10 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 em‘Lloyed», through which

15 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

20 shown and described various forms of motors
of this kind. Among them are motors in
which both energizing-circuits are electrically
alike—that is to say, both have the same or
approximately the same electrical resistance

25 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-
stance, in cases where the motor-circuits are

30 of different resistance and self-induction, 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

35 class generally ny 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 circuit through which

40 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

45 and resistance, respectively, in the other. At
the same time the magnetic quantities of the
two poles or sets of poles which the two cir-
cuits produce should he approximately equal.
These requirement<. wnich I. have found to

50 exist in motors ~ s kind, have led me to

the invention of a motor having the follow-
ing general characteristics: The coils which
are included in that energizing-circuit which
is to have the higher self-induction I make of
coarse wire, or a conductor of relatively low
resistance, and I use the greatest possible
length or number of turns: In-the otherset of
coils T use a comparatively few turns of finer
wire or a wire of higher'resistance. Further-
more, in ofder to approximate the magnetic
quantities of the poles excited by these coils,
T use in the self-induction circuit cores much
longer than those in the other or resistance
cirenit. I have shown in the drawings a mo-
tor embodying these features. 65

igure 1 is a part-sectional view of the mo-
tor at right angles to the shaft. Fig. 2 is a
diagram of the field-circuits.

In Fig. 2, let A represent the coils in
one motor-cireuit, and B those in the other.
The circuit 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 circuit. For 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 usual 8o
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 85
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 go
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 E and
F upou the armature closely approximate. 95
These conditions are well understood and
readily secured by one skilled in the art.

An important result secured by thercon-
struction herein shown of the motor is, that
these coils which arc designed to have the 1oo

.
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higher self-induction are almost completely
surrounded by iron, by which the retardation
is considerably increased.
I do not claim herein, broadly, the method
5 and means of securing rotation by artificially
producing a greater lag of the current in one
mofor-circuit than in the other, nor the use
of poles or cores of different magnetic sus-
ceptibility, as these are features which I have
10 specially claimed in other applications filed
by me. R
What I claim is—
1. An alternatiug - current motor havin,
two or more energizing-circuits, the coils o
15 ome circuit being composed 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.
2. In an alternating-current motor, the com-
20 bination; with long and short field-cores, of
energizing-coils included in independent cir
cuits, the coils on the longer cores containing

an excess of copper or conductor over that in
the others, as set forth.

3. The combination, with a field-magnet 25
composed of magnetic plates having an open

‘center and pole-pieces or cores of different

length, of ooils surrounding said cores and
included in independent circuits, the coils on
the longer cores containing an exoees of cop- 3o
per over that in the others, as set forth.-

4. The combination, with a field-magnet
ocomposéd of magnetic plates having an open
cénter and pole-pieces or cores of different
length, of coils surrounding said cores and 35
included in independent circuits, the coils on
the longer cores containing an excess of co
per over that in the others and being set in.
receases in the iron core formed by the plates.

as set forth.
NIKOLA TESLA.
Witnesses:

ROBT. F. GAYLORD,
FRANK E. HARTLEY.
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UNITED STATES

PATENT OFFICE.

NIKOLA TESLA, OF NEW YORK, N. Y., ASSIGNOR TO THE TESLA ELECTRIC

COMPANY, OF SAME PLACE.

ELECTRIC MOTOR.

BPECIFIOATION forming part of Letters Patent No. 416,194, dated December 8, 1889.

Application fled May 30, 1889.

Tv 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-Hungary,

5 residing at New York, in the county and State
of New York, have invented certain newand
useful Improvements in Electro- Magnetic
gotors, of which the following is'a specifica-

on. :

1o This invention relates to the. alternating-
current electro-magnetic motors invented by
me, in which a progressive shifting or ro-
tation of ‘the poles or points of maximum
magnetic effect is produced by the action of

15 the alternating currents. ese motors I
have constructed in a great variety of ways.
As instances, I have built motors with two or
more energizing-circuits, which I connected
up with corresponding circuits of a generator

20 80 that the motor will be energized by alter-
nating currents differing primarily in phase.
I have also built motors with independent
energizing-circuits of different electrical char-
acter or self-induction, through which I have

25.passed an alternating current the phases of
which were artifictally distorted by the greater
retarding effect of one circuit over another.
I have also constructed other forms .of motor
operating by magnetic or electric lag, which

30 it is not necessary to describe herein in detail.
although my present invention is applicable
thereto. In such motors I use an armature
wound with a coil orcoils, which is sometimes
connected with the external circuit and some-

35 times closed upon itself, and to both 1orms

the present invention applies. In these mo-

tors the total energy supplied to effect their
operation is equal to the sum of the energies
expended in the armatureand the field. The
power developed, however, is proportionate
to the product of these quantities. This pro-
duct will be greatest when these quantities are

. equal; hence in constructing a motor I deter-
mine the mass of thearmature and field cores

45 and the windingsof both and adapt the two so
as to equalize as nearly as possible the mag-
netvicquantities of both. In motors which have
closed armature-coils this is only approxi-
mately possible, as the energy manifested in

so thie armature is the result of inductive action

40

Serial No. 311,418, (o model)

from the other. element; but in motors in
which the coils of both armature and field
are connected with the.external circuit the
result can be much more perfectly obtained.

In further explanation of my object let it 55
be assumed that the energy as represented in
the magnetism in the field of & given motor
is ninety and thatof the armature ten. The
sum of these quantities, which represents the
total energy expended in driving the motor,
is one hundred; but, assuming that the motor
be so constructed that the energy in the field
is represented by fifty and that in the arma-
ture by fifty, the sum is still one liundred;
but while in the first instance the product is
nine hundred, in the second it is two thousand
five hundred, and as the energy developed is
in proportion to these products it is clear that
those motors are the most efficient—other
things being equal—in which the magnetic
energies developed in the armature and field
are.equal. These results I obtain by using
the same amount of copper or ampére turns
in both elements when the cores of both are
equal, or approximately 8o, and the same cur-
rent energizes both; or in cases where the
currents in one element are induced to those
of the other I use in the induced coils an
excess of copper over that in the primary
element or conductor.

While I know of no way of illusirating this
invention by a drawing such as will meet
the formal requirements of an application for
patent, I have appended for convenience a
conventional figure of a motor such as I em-
ploy. I would state, however, that I believe
that with the problem before him which I
have herein stated, and the solution which I
have proposed, any one skilled in the art will
be able to carry out and apply this invention
without difficulty.

Generally speaking, if the mass of the cores
of armature and fleld be equal, the amount
of copper or ampére turns of the energizing-
coils on both should also be equal; but these
conditions will be modified in well-understood
ways in different forms of machine. It will
be nnderstood that these results are most ad-
vantageous when existing under the con-
ditions presented when the motor is running 106

6o
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with its normal load, and in carrying out the
invention this fact should be taken into con-

Referring to the drawing, A is the field-

s magnet, B the armature, C the fleld-coils, and
D the armature-coils, of the motor.

The motors described in this _a;;plication,
except as to the features specifically pointed
out in the claims, are described and claimed

10 in prior patents granted to and applications
filed by me, and are not-herein claimed.

What I claim is—

1. An electro-magnetic motor having field
and armature magnets of equal strength or
magneticquantity when energized by agiven 15
carrent, as set forth.

2. In an alternating-ocurrent motor, the
combination, with field and armature cores
of equal mass, of energizing-coils containing
equal amounts of copper, as herein set forth. 20

NIKOLA TESLA.

Witnesses:

ROBT. F. GAYLORD,
FRANK E. HARTLEY.
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UNITED STATES

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

PATENT OFFICE.

ASSIGNOR TO THE TESLA ELECTRIC

COMPANY, OF SAME PLACE.

ELECTRO-MAGNETIC MOTOR.

SPECIFICATION forming part of Letters Patent No. 4'16,195. dated Dacember 3, 1889,
- Applioation flled May 20, 1889, BSerial No, 311,418, (No model)

To all whom it may concern:

Be it known that I, NIKOLA TESLA, a sub-
jectof 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 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.

This invention relates to that form of alter-
nating-current motor invented by me,in which
there are two or more ‘energizing - circuits
through which alternating currents differing
in phase are caused to pass. I have in prior
patents and applications shown various forms
or types of this motor—first, motors having
two or more energizing-circuits of the same
electrical character, and .in the operation of
which the currents used differ primarily in
phase; second, motors with a plarality of en-
ergizing-circuits of different electrical 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 being induced from
currents in another. I shall hereinafter
show the application of my present inven-
tion to these several types. Considering the
structural and operative conditions of any
one of them—as, for example, that first-
named—the armature which is mounted to
rotate in obedience to the co-operative in-
fluence or action of the energizing-circuits has
coils wound upon it which are closed upon
themselves and in whiclrcurrents are induced
by the energizing-currents with the object and
result of energizing the armature-core; but un-
der any such conditions as'must exist in these
motors it is obvious that a certain time must
elapse between the manifestations of an ener-
gizing-current impulse in the field-coils, and
the corresponding magnetic state or phase in
the armature established by the current in-
duced thereby; consequently a given magnetic
influence or 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 efficient working in certain cases—as, for
instance, when the progress of the resultant
poles or points of maximum attraction is very
great, or when a very high number of alter-
nations is employed—for it is apparent that
a stronger tendency to rotation will be main-
tained if the maximum.magnetic attractions
or conditions in both armature and field co-
incide, the energy developed by a motor be-
ing measured by the product 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 elements—the armature 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
are illustrated.

Figure 1: Thisis a diagrammatic illustra-
tion of a motor system such asI have described
in my prior patents, and in which the alter-
nating currents proceed from independent
sources and differ primarily in phase.

A designates the field-magnet or magnetic
frame of the motor; B B, oppositely-located
pole-pieces adapted to receive the coils of one
energizing-circuit; and C C, similar pole-
pieces for the coils of the other energizing-
circuit. These circuits are designated, re-
spectively, by D E, the conductor D’/ forming
a common return to the generator G. Be-
tween these poles is mounted an armature—
for example, a ring or annular armature,
wound with a series of coils F, forming a
closed circuit or circuits. The action or op-
eration of a motor thus constructed is now
well understood. It will be observed, how-
ever, that the magnetism of poles B, for ex-
ample, established by a current-impulse in
the coils thereon, precedes the magnetic effect
set up in the armature by the induced cur-
rent in coils ¥. Consequently the mutual
attraction between the armature and field-
polesisconsiderably reduced. Thesame con.
ditions will be found to exist if, instead of
assuming the poles B or C as acting inde-
pendently, we regard the ideal resultant of
both acting together, which is the real condi-
tion. To remedy this, I construct the motor-
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field with secondary poles B’ C’, which are
sitnated between the others. These pole-
pieces I wind with coils D’ E’, the former in
derivation to the coils D, the latter to coils E.

s The main or primary coils Dand Earewound
for a different sef-induction from that of the
eeils D’ and E’, the relations being so fixed
that if the currents in D and E differ, for ex-
ample, by a quarter-phase, the currents in

10 each secondary coil, as D’ E’, will differ from
those in its appropriate primary D or E by,
sggé forty-five degrees, or one-eighth of a pe-
ri

I explain the action of this motor as fol-
15 lows: Assuming that an imnpulse 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-
20 tractive forces of the two sets of poles B C
therefore may be considered as pro, ing
from poles B to poles C while the impulse in
E is rising to maximum and that in D is fall-
ing to zero or minimumn. The polarity set up
25 in the armature, however, lags behind the
manifestations of field magnetism,and hence
the maximum points of attraction in arma-
ture and field, instead of coinciding, are an-
gularly displaced. Thiseffect is counteracted
30 by the supplemental poles B’ C’. Tho mag-
netic phases of these poles succeed 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-
35 duced effect in the armature; hence the mag-
netic conditions of poles B’ C’ and of the
armature more nearly coincide and a better
result is obtained. As poles B’ C’ act in con-
junction with the poles in the armature es-
40 tablished by poles B C, 80 in turn poles C B
act similarly with the poles set up.by B’ C’,
respectively. Under such conditions the re-
tardation of the magnetic effect of the arma-
ture and that of the secondary poles will bring
45 the maximum of the two more nearly into
coincidence and a.correspondingly-stronger
torque or magnetic attraction secured.
In such a disposition as is shown in Fig. 1
it will be observed that as the adjacent pole-
50 pieces of either circuit are of like polarity
they will have a certain weakening effect
upon one another. I therefore prefer to re-
move the secondary poles from the direct in-
fluepce of the others. This I may deby con-
55 structing a motor with two independent sets
of flelds, and with either one or twoarmatures
electrically connected, or by usipg two arma-
tares and one field. These modifications will
be illustrated hereinafter.

Fig. 2 is a diagrammatic illustration of a
motor and system in which the difference of
phase is artificially produced. Thereare two
coils D D in one branch and two coils E E in
the other branch of the main circuit from
the generator G. These two circuits or
branches are of different self-induction, ona,
a8 D, being higher than the other. For con-

60
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venience I have indicated this by making
coils D much larger than coils E. By reason
of this difference in the electrical character
of the two circuits the phases of current in
one are retarded to a greater extent than the
other. Let this différence be thirty degrees.
A motor thus constructed will rotate under
the action of an alternating current; but as
happens in the case previously described the
corresponding magnetic effects of the arma-
ture and field do not coincide owing to the
time that elapses between a given magnetic
effect in the armature and the condition of 8o
the field that produces it. I therefore em-

ploy the secondary or supplemental poles B’

C’. There being thirty degrees difference of

_phase between the currents in coils D E, the

magnetie effects of poles B’ C’ should corre-
spond to that produced by a current differing
from the current in coils D or E by fifteen
degrees. This I may accom;)lish by wlndin%
each supplemental pole B’ C’ with two coils ¥

H’. The coilsHare included in a derived cir-
cuit having the same seH-induction as circunit
D, and coils H’ in a circuit having the same
selt-h’njdﬂuctil‘)m a;circ&xit E,s0 {,‘ha.t if Vthe?: ciri
cuits differ by thirty degrees the magnetism o!

poles B’ C’ will correspond to that produced

90
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‘by a current differing from that in either D

or E- by fifteen degrees. This is true in all
other cases. For example, if in Fig. 1 the
coils D’ E’ be replaced by the coils H H’ in-
cluded in derived circuits, the magnetism of
the poles B’ C’ will correspond in effect or

- phase, if it may be so termed, to that pro-
duced by a current differing from that in

either circuit D or E by forty-five degrées, or
one-eighth of a period.

This invention as applied to a'derived-cir-
cuit motor is illustrated in Figs. 3and 4. The
former is an end view of the motor with the
armature in section and a diagram of connec-
tions, and Fig. 4 a vertical section through
the field. These figures are also drawn to
show one of the dispositions of two fields that
may be adopted in carrying out the invention.
The poles BB C 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 latter with coils KL. The pri-
mary coils IJ are in derived circuits, between

10§

- which, by reason of their different self-induc-

tion, there is a difference of phase, say, of
thirty degrees. 'I'he coils I’ K are in cipouit
with one another, as also are coils J’ L, and
there should be a difference of phase between
the currents in coils K and L and their corre-
sponding primaries of, say, fifteen degrees.
If the poles B Care 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 there should be an angular displacement
of Ogge armature-coils, as will be well under-
stood.

The operation will be understood from the
foregoing. The maximum magnetic condition
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of a pair of poles, as B’ B’, coincides closely
vith the maximnm effeet in the armature,
which lags behind the corresponding condi-
tion in poles B B.

s There are ma\tl’xy other ways of mnﬂng out
this invention, but they all involve the same
broad principle of construction and operation.

In using expressions herein to indicate a
coincidence of the magnetit‘:v})hases or effects

10 in one set of fleld-magnets with those set up
in the armature by the other I refer only to
approximate results; but this of course will
be understood.

What I claim is—
15 1. Inanalternating-current motor,the com-

bination, with an armature wound with closed

coils, of main and supplemental field magnets
or poles, one set of which is adapted to ex-
hibit their maximum magnetic effect simul-
taneously with that set ap in the armature
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 or energizing coils included, respectively,
in main circuits adapted to produce a given
difference of phase and supplemental or sec-
ondary circuits adapted to produce an inter-
mediate difference of phase, as set forth.

NIKOLA TESLA,

Witnesses:

R. J. STONEY, Jr.,
JOHN GILLESPIE.
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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.

chl_'IO)l' forming part of Letters Patent No. 418,248, dated Dacember 31, 1889.
Application fled May 20, 1889. BSerial Xo. 811,420. (Mo model.)

To all whom it may concern:

Be it known that 1, NIKOLA TESLA, a sub-
jeot of the Emperor of Austria-Hungary, for-
merlﬁof Smiljan, Lika, border country of Aus-

5 tria-Hungary, but now residing at New York,
in the county and State of New York, have
invented certain new and useful Improve-
ments in Methods of Ogerating Electro-Mag-
netic Motors, of which the following is a speci-

10 fication, reference being had to the drawing’
accompanying and forming a part of the same..

91n a patent granted to me April 16, 1889,
No. 401,520, I have shown and described a
method of operating alfernating-current mo-

' 15 tors by first shifting or rotating their mag-

')

45

netic poles until they had reached or passed
a synchronous speed and then alternatingthe
poles, or, in other words, by transforming the
motor by achangeof circuit-connections from
20 one operated by the action of two or more in-
dependent energizing-currents to a motor op-
erated by a single current or several acting
asone.
The present invention is a specific way of
25 carrying out the same invention; and it con-
sists in the following method: On the start I
progressively shift the magnetic poles of one
element or field of the motor by alternating
ocurrentsdiffering in phase and passed through

30 independent energizing-circuits and short-

circuit the coils of the other element. When
the motor thus started reaches or 8 the
limit of speed synchronous with the genera-
tor, I connect up the coils previously short-
35 circuited with a source of direct current and
by a change of the circuit-connections pro-
duce a simple alternation of the poles. The
motor then continues to run in synchronism
with the generator. There are manyspecific-
ally-different ways in which this may be car-
ried out, but I have selected one for illustrat-
ing the principle. This is illustrated in the
annexed drawing, which is a side view of a

motor with a diagram of the circuits and de- |.

vices used in the system.

~The motor shown is one of the ordinary
forms, with field-cores either laminated or
solid and with a cylindrical laminated arma-
tare wound, for example, with the coils A B

so at right angles. The shaft of the armatare.

carries three collecting or contact rings C D

E. (Shown, for better illustration, as of dif-
ferent diameters.) '

One end of coil A connects to one ring, as
C, and one end of coil B connects with ring D.
The remaining ends are connected to ring E.
Collecting springs .or brushes F G H bear
upon the rings and lead to the contacts of a
switch, to be hereinalter described. The field-

coils have their terminals in binding-posts K-

K, and may be either closed upon themselves
or connected with a source of direct current
L by means of a switch M. The main or con-
trolling switch hasfive contacts a b ¢ d eand
two levers fg, pivoted and connected by an
insulating cross-bar h,s0 as to move in paral-
lelism. These levers are connected to the
line-wires from a source of alternating car-
rents N. Contact a is connected to brush' G

55

6o

6s

and coil B throngh a dead-resistance R and‘ 7o

wire P. Contact
and coil A through ‘a self-induction coil S and
wire O. Contacts ¢ and e are connected to
brushes.G F, respectively, through the wires
-P O, and contact dis directly connected with
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 alternating. currents divide between the
two motor-coils, and by reason of their dif-
ferent self-induction a difference of current-
phase is obtained that starts the motor in ro-

tation. In starting, as I have above stated,

the field-coils are short-circuited.

" When the motor has attained the desired
speed, the switch is shifted to the position
shown in dotted lines—thatis to say, with the
levers f.g resting on points ce. Thisconnects
up the two armature-coils in series, and the
motor will then run as a synchronous motor.
The field-coils are thrown into circuit with
the direct-current source when the main
switch is shifted.

‘What I claim herein as my invention is—

1. The method of operating electro - mag-
netic motors, which consists in first progress-
ively shifting or rotating the magnetic poles
of one element until it has reached a synch-
ronous speed and then alterpating said poles
and passing a direct current through the coils
of the other element, as herein set forth. '

2. The method of operating electro - mag-

is connected with brush F'

8s

90
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netic motors, which consists in short-cirenit-
ing the coils of one element, as the ﬂeld’-mag
net,and paasing through the energizing-coi
of the other element, as the armature, alter-
5 nating currents differing in phase, and then,
when the motor has attained a given speed,
passing through the field-coils a direct cur-

] 418,348

rent and through the armature-coils alternat-
ing currents coinciding in phase..

NIKOLA TESLA.

Witnesses: .
R. J. STONEY, JT.,
E. P. COFFIN.
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UNITED STATES

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

PATENT OFFICE.

ASSIGNOR TO THE TESLA ELECTRIC
SAME PLACE.

ELECTRO-MAGNETIC MOTOR.

SPECIFICATION forming part of Letters Patent No. 434,086, dated March 35, 1800.
Application flled May 20, 1889, Serial No. 311,416, (Mo model.)

To all whom it may concern:

Beitknownthat], NIKOLA TESLA,asubject
of the Emperor of Austria- Hungary, from
Smiljan, Lika, border country of Austria-Hun-

[ gary, residing at New York, in the county and
tate 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 drawings ac-

10 companying and forming a part of the same.

I have invented and elsewhere described
an electro-magnetic motoroperated or adapted
to be operated by an alternating electric cur-
rent, and which is now commonly designated,

15 whether correctly or not, a “magnetic-lag”
motor. The main distinguishing features of
this motor are the following: An armature is
mounted within the magnetizing influence of
a certain number of fleld magnets or poles of

20 different magnetic susceptibility—that 1s 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 cprrents. When

25 an alternating current is passed through the
coils of such a motor, the field magnets or
poles do not appearto manifest theirattractive
effect upon the armature simultaneously, the
magnetic attraction of some appearing to lag

30 behind that of others, with the result of pro-
ducing a torque and rotation of the ‘motor.
Generally I have made such motors: with
closed armature-coils.

I have invented another form of motor,

35 which, for similar reasons, may be called a
“ netic-lag” motor; but in operation it dif-
fors from that which I have above descri
in that the attractive effects or phases of the
poles, while ing behind the phases of cur-

40 rent which produce them, are manifested si-
multaneously and not successively.

To carry out this invention I employ a mo-
tor embodying the principle of construction
of a motor deseribed and claimed in an ap-

45 plication filed by me January 8, 1889, No.

5,745, 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. .

so A motor which embodies my invention,
with certain modifications thereof, is illus-
trated in the gccompanying drawings.

Figure 1 is a side view of the motor in ele-
vation. Fig. 2 is a partsectional view at
right angles to Fig. 1. Fig. 3 is an end view 55
in elevation and part section of a modifica-
tion, and Fig. 4 is a similar view of another’
modification.

In Figs. 1 and 2, A designates a base or
stand, and B B the supporting-frame of the 6o
motor. Bolted to the said supporting-frame
are two magnetic.coresor pole-pieces C C’, of
iron or soft steel. These may be subdivided
or laminated, in which case hard iron or steel
plates or bars should be used, or they should 65
be wound with closed coils. D is a circular
disk-armature built 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 circular shape there- 70
of. I may wind this disk with a number of
closed eoi{s E. F Fare the main energizing-
coils, supported in any convenient manner by
thesupporting-frame, or otherwise, butsoas to
include within their magnetizing influence 75
bath the pole-pieces C C’ and the armatare D.
The pole-pieces C C’ project out beyond
the coils F F on opposite sides, as indicated
in the drawings. If an alternating carrent
be passed through the coils F F, rotation of 8o
the armature will be produced, and this rota-
tion I explain by the following apparent ac-
tion or mode of operation: An impulse of
current in the coils F' F establishes two polari-
ties in the motor. The protruding end of 85
pole—giwe 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 right angles to the coils
F F, like poles to those in the pole-pieces 9o
being on the same side.of the coils. While .
the current is flowing there 18 no appreciable
tendency to rotation developed; but after
each current impulse ceases or begins to fall
the magpetism in the armature and in the 95
ends of the pele-pieces C C’ lags or continues.
to manifest itself, which produces & rotation
of the armature by the repellent force be-
tween the more closely a%pmximating points
of maximum magnetic effect. This effect is 100
continued by the reversal of current, the po-
larities of field and armature being simply
feversed. One or both, of the elements—the
armature or fleld—may be wound with closed
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induced coils to intensify this effect, although
in the drawings I have shown but one of the
fields, each element of the motor really con-
stitntes a field, wound with the closed coils,
§ the currents being induced mainly in those
convolutions or coils which are parallel to the
coils F 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
to armature-shaft. H H are uprights or sides of
a frame, preferably magnetic, the ends C C’
of which are bent, substantially as shown, to
conform to the shape of the armature D and
form field-magnet poles. The construction of
15 the armature may be the same as in the pre-
vious figure, or it may be simply a magnetic
disk or cylinder, as shown, and a coil or coils
F F are secured in position to surround both
the armatare and the poles CC’. The arma-
20 ture is detachable from its shaft, the latter
haing passed through the armatare after it
has been inserted in-position. The operation
of this form of motor is the same in principle
a8 that previously described and needs no
25 further explanation.

One of the most important featuves in alter-
nating-current motors is that they should be
adagted to and capable of running efficiently
in the alternating systems in Present use, in

30 which almost without exception the gener-
ators yleld a very high number of alterna-
tions. Such a motor I have designed by a de-
velopment of the.principle of the ‘motor
shown in Fig. 3, making a multipolar motor,

35 which is illustrated in Fig. 4. In the con-
straction of this motor I employ an annular
magnetic frame J, with inwardly-extending
ribs or projections K, the ends of which all
bend or turn in one direction and are gen-

40 erally shaped to conform to the curved sur-
face of the armature. Coils F F are wonnd
from one part K to the one next adjacent,
the ends or loops of each coil or group of
wires being carried over toward the shaft,

45 80 a8 to form U-shaped groups of convolu’
tions at each end of the armature. The pole-
pieces C C’, being substantially concentric
with the armature, form ledges, along which
the coils are laid and should project to

5o some extent beyond the coils, as shown. The
cylindrical or drum armatare D 18 of the same
consiruction as in the other motors described, |
and is mounted to rotate within the annular

“frame J and between the U-shaped ends or
ss bendsof thecoilsF. Thecoils F are connected
in maultiple erin series with a source of altes-
nating currents, and are 80 wound that with a
current or current impulse of given direction
they will make the alternate pole-pieces C of

60 one polarity and the other pole-pieces C’ of
the opposite polarity. The principle of the
operation of this metor is the same as theother
herein described, for, considering any two

le-pieces C C’, a current impulse passin
65 in the coil which bridges them or is woun
over both tends to establish polarities in their

494,036

ends of opposite sign and to set up. in the
armature-core betwéen them a polarity of the
same sign as that of the nearest pole-piece C.
Upon the fall or cessation of the current im-
pulse that established these polarities the
magnetism which lags behind the current
phase, and which continues to mnanifest itself
in the polar projections C C’ and the arma-
ture, produces by repulsion a rotation of the
armature. The effect is continued by each
reversal of the current. What oocurs in
the case of one pair of pole-pieces occurs si-
multaneously in all, so that the tendency to
rotation of the armature is measured by the
sum 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 armature-core is shown as
thus wound. When closed cojls are used, the
cores should be laminated.

It is evident that a pulsatory as well as an
alternating current might be used to drive or
operate the motors herein described; but I go
prefer to use alternating currents.

It will be understood that the degree of
subdivision, the mass of theiron in the cores,
their size, and the number of alternations in
the current employed to run the motor must g5
be taken into consideration in order to pro
erly construct this motor. In other words,in
all such motors the proper relations between
the number of alternations and the mass,
size, or quality of the iron must be preserved
in order to secure the bhest results.” These -
are matters, however, that are well under-
stood by those skilled in the art.

What I élaim is—

1. Inanalternating-current inotor, the com-
bination, with the armature and field-cores,
of stationary energizing-coils enveloping the

8s

10§

‘said cores and adapted to produce polarities

or poles in both, the ficld-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 current impulse
producing such effect, as set forth.

-2, In an alternating-current motor, the com-
bindtion, with an armature-core circular in
configuration, of a supporting-frame, field-
cores extending therefrom over portions of
the periphery of the armature, and energiz-
ing-coilssurronndingsaid armature and parts
of the field-cores, as set forth.

3. The combination, with the rotatably-
mounted armature, of the circular frame J,
the ribs K, with tgolm- extensions extending
over portions of the armature, and the ener-
gizing-coils F, wound over portionsof the pole- 125
pieces and carried in loops over the ends of
the armature, as herein set forth.

NIKOLA TESLA.
Witnesses:

R. J. STONEY, JT.,
E. P. CoFFIN.

110
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" UNITED STATES

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

COMPANY, OF

PATENT OFFICE.

.

ASSIGNOR 10 THE TESLA ELECTRIC
SAME PLACE.

ALTERNATING-CURRENT ELECTRO-MAGNETIC MOTOR.

SPECIFIOATION forming part of Letters Patent No. 438,700, dated August 5, 1890,
Apptication fled Mazch 96, 1890, Berlal No. 345,388, (o model)

. To all whom it may conaern:

Be it known that I, NIKOLA TxsLA, a sub-
ject of the Emperor of Austria-Hungary, from
‘Smiljan, Lika, border country of Austria-

s Hungary, reeidingnt New York,in the county
and State of New York, have invented certain
new and useful Improvements in Alternating-

Current Electro- etic Motors, of which
thefollowifig is a specification, reference being:

10 had to the drawings accompanying and form-
ing a part of the same.

is invention is an improvement in that

class of electro-magnetic motors in which the
rotation is uced by the progressive move-

15 ment or effect of the maximum magnetic
points or poles produced by the conjoint ac-
tion or effect of two energizing - circuits
through which u«; s at:;;nating onr‘;
rents, or currents of rapidly-varying strengt!

20 of a kindred nature.

- The improvements subject of this applica-
tion are more particularly applicable to that
class of motors in which two or more sets of-
enerildng-mngnots are employed, and in

25 which by artificial means a certain interval
of time ismadetoelapse between the respect-
ive maximum or minimum periods or phases
of their magnetic attraction or effect. This
interval or difference in phase between. the |

30 two sets of mgneu, when artiﬂchll{ %ro-
duced, is limited in -extent. It is desirable,
however, for the economical working of such
motors that the strength or attraction of one
set of magnets should be maximum, at the

35 time'when that of the other set is minimum
and conversely; but these conditions have not
heretofore been realized except in cases where
the two currents have been obtained from in-
dependent sources in the same or different

40 machines.

The object of the present invention js to
establish conditions morenearly approaching
the theoretical requirements of perfect work-
ing, or, in other words, to produce artificially

etic phase by means of

a current from a single primary source suffi-

cient in extent to meet the uirements of
practical and economical work ni.
In carrying out my invention I employ a

so motor with two sets of energising or ﬂe}d

magnets, each wound with coils connected
with a source of alternating or rapidly-vary-
ing currents, but forming two separate fmtl:s

or circuits. The magnets of one set I pro-
tect to.a certain extent from the energizing ss
action of the current by means of a magnetic
shield or screen inf between the mag-
net and its energizing-ooil. . This shield is
Properly adapted to the conditionsof particn-

ar cases, 80 as to shield or protect the main 6o
core fromn magnetization until it has become
itself saturated and no longer capable of con-
taining all the lines of force uced by the
current. By this means it will be seen that
the energizing action ns 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 conjanc-
tion with other means or devices heretofore -
employed a practically-economical difference 70
of magnetic phase may readily be secured.

The nature and operation of the invention
will be more -fully explained by reference to
the accompanying drawings.

- Figure 1 is a view of a motor, partly in sec- 75
tion, with a diagram illustrating the inven-
tion. Fig. 2 is a similar view of a modifica-
tion of the same.

In Fig. 1, which exhibits the simplest form
of the invention, A A is the field-magnet of a 8o
motor, having, say, eight poles or inwardly-
projecting cores B and C. The cores B form
oneset of magneisand are energized by coils
D. The cores C, forming the other set, are
energized by coils K, and the coils are con- 85
nected, preferably, in series with one another,
in two derived or branched circuits F G, re-

[ tlvely, from a suitable source of current.

h coil E is surrounded by a magnetic
shield H, which is preferably composed of an go
annealed, insulated, or oxidized iron wire
wrapped or woundon the coils in the manner
indicated, so as to form a closed magnetic
circuitaround the coilsand between the same

 and the magnetic cores C. Between the pole g§

ieces or cores B C is mounted the armature
,wWhich, asisusual in this type of machines,
is wound with coils L closed upon themselves.
The operation resulting from this disposition
is as follows: If a current impulse be di- 100"
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rected through the two circuits of the motor,

jt will quickly energize the cores B, but not

8o the cores C, for the reason that in passing

through the coils E there is encountered the

s influence of the cloved magnetic circuits

formed by the shields H. The first effect is

to effectively retard the current impulse in

circuit G, while at the same time the propor-

tion of current which does pass does not mag-

10 netize the cores C, which are shielded or

screened by theshields H. As the increasing

electro-motive force then urges more current

through the coils E, the iron wire H becomes

magnetically saturated and incapable of car-

15 rying all the lines of force, and hence ceases

to J)rotoct the cores C, which become mag-

netized, developing their maximum effect

after an interval of time subsequent to the

similar manifestation of strength in the other

20 set of magnots, the extent of which is arbi-

trarily determined by the thickness of the

:‘hiel H, and other well-understood condi-
ons.

From the above it will be seen that the ap-

25 paratus or device acts in two ways. First, by

retarding the current, and, second, by retard-

ing the etization of one set of the cores,

from which its effectiveness will readily ap-

T,
30 p.;hn{ modifications of the principleof this
‘invention are possible. One useful and effi-
cient application of the invention is shown in
Fig. 2. In said figure & motor is shownsimi-
larin all respects to that above described, ex-

35 oept that the iron wire H, which is wrapped
around the coils E, is in this case connected

. in series with the ooils D. The iron-wire
ooils H, are connected and wound, so as to
have little or no self-induction, and being

4 added to the resistance of the circuit F the

action of the current in that circuit will be
accelerated,while in theothercirounit G it will
be retarded. The shield H may be made in
many forms, as will be understood, and used

in different ways, a8 appears from the forego- 45

inf description. I do not, however,limit my-
self to any specific form or arrangement; but

What I claim is—

1. In an dlternating-current motor having
two energizing-circuits, the combination,with so
the magnetic cores and coils of oneof the cir-
cuits, of interposed magnetic shields orscreens
forretarding the magnetization of said cores,
as set forth.

2. In an alternating-current motor lmving 55
two energizing-circuits, the combination,wit
the magnetic cores and the coils of one of the
circuits wound thereon, of magnetic shields
or coils wound around said coils at right an-
gles to their convolutions, as set forth. 60

3. In an alternating-current motor having
two energizing-cirouits, the combination,with
the magnetic cores and the coils of one of the
circuits which energize the said cores, of mag-
netic shields forming closed magneticcirouits 65
around the coils and interposed hetween the
ooils and cores, as set forth.

4. In an alternating-current motor having
two energizing-circuitsderived from the same
source, the combination,with the coresand the 70
coils of one of the circuits that energizes the
same, of insulated iron-wire ocoils wound on
the said energizing-coils at right angles to
their couvolutions and connected up in series
with the coils of the other energizing-cireuit, 75

as set forth.
NIKOLA TESLA.
‘Witnesses:
ROBT. F. GAYLORD,
PARKER W. PAGE.

1796398
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UNITED STATES

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

PAaTENT OFFICE.

ASSIGNOR TO THE TESLA ELECTRIC

COMPANY, OF SAME PLACE.

ALTERNATING-CURRENT MOTOR.

SPECIFICATION forming part of Letters Patent No. 433,701, dated August 5, 1800
Application flled Marct 36, 1890, Berial No, 345,389, (Wo model) :

Ta all whom it may concern:

Be it known that I, NIKOLA TESLA, a sub-
ject of the Emperor of Austria-Ilungary, from
Smiljan, Lika, border country of Austria-

s ITungury, residing at New York, in the county
and State of New York, have invented certain
new and useful Improvements in Alternating-
Current Motors, of which the following isa
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-current motors in which the field-mag-
nets are energized by colls connected up in
two circuits derived from the same source
and having different degrees of self-induc-
tion, whereby the currents in one cireait or
branch are retarded more than in the other,
with the result of producing a progressive
advance or rotation of the points of maxi-
mum magnetic effect in the fleld that main-
tains the arnature in rotation. In motorsof
this kind I have employed, among other
means, & self-induction coil in one circuit and
a dead-resistance in the other, or I have se-
dured the same resalt by the special charac-
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 such coils was very greatly in-
creased

o

]

5

o

The invention subject of this application is
an improvement on this last-named plan.

In carrying out the invention I construct
a field-magnet having two sets of poles or in-
wardly-projecting cores and placed side by
side, so as practically to form two fields of
force and alternately disposed—that is to

40 say, with the poles of oneset or field opposite

4

the s, between the other. I then con-
nect the free ends of one set of poles by means
* of Jaminated-iron bands or bridge-pieces of
considerably smaller cross-section than the
5 cores themselves, whereby the cores will all
form parts of complete magnetic circuits.
When the coils on each set of magnets are
connected in multiple circuits or branches
from a source of alternating currents, electro-

5o motive forces areset up in or impressed upon

each circuit simultaneously; but the coils on

the magnetically bridged or shunted ecares
will have, by reason of the closed magnetic
circuits, a high self-induction, which retards

the current, permitting at the beginning (;)f 55
n

each impulse but little current to pass.

the other hand, no such opposition being en-
countered in the other set of coils, the car-
rent passes freely through them, magnetizing
the poles on which they are wound.
however, as the laminated bridges become
saturated and incapable of carrying all the
lines of force, which the rising electro-motive
force, and cousequently increased current,

As soon, 6o

produce, free poles-are developed at the ends 65

of the cores, which, acting in conjunction with
the othiers, produce retation of the armature.

The construction in detail by which this
invention s illustrated is shown in the accom-
pan?'ing drawin,

Figure1 is a view in side elevation of a mo-
tor embodying the invention. Fig.2isaver
tical cross-section of the same.

A isthe frame of the motor, which is prefer-

70

ably built up of sheets of iron punched out 75

to the desired shape and bolted together with
insulation of a proper character between the
sheets. When complete, the frame makes a
field-magnet with inwardly-projecting pole-

pieces B and C. To adapt them to the re- 8o

quirements of this particular case these pole-
pieces 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,

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

‘and they are disposed alternately—thatis to 85

wound longitudinally with ooils closed upon go

themselves. The pole-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 theforms

or blanks stamped or punched out of sheet- g5

iron. Their size or mass is determined by
various conditions, such as the strength of
the current to be employed, the mass or size
of the cores to which they are appplied, and -

other well-understood conditions. 1

Coils F surround the pole-pieces Is, and
other coils G are wound on the pole-piecesC.

0o
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These coils are cotinected in series in two
circuits, which are braehes of a circuit from a
generator.of alternating currents, and they
may be 8o wound, or thé respective circuits

s inwhich they areincladed maybesoarranged,
that the circnit of coils G will have inde-
pendently of the particular construction here-
in described a higher self-induction than the
other circuit orbranch.

1o The function of the shunts or bridges E is
that they shall form with the cores C a closed
magnetic eircait for a current up to a prede-
termined strength, so that when saturated by
such current and unable to carry more lines

15 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

oores C.

In such a motor the current is so retarded
in the ooils 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
25 and the motor operates with approximately
the power dboveilo il:l a tlilotor of this kind
energized by independently-generated cur-
rents differing by a full-quarter phase.

What I claim in this application is—

1. In an alternating-current motor having
two sets or series of pole-pieces, the combi-
nation, with one of such sets or series, of mag-

30

netic shunts or bridges connecting their free
ends, as herein set forth.

2. In an alternating-current motor having 35
two sets or serfes 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- 40
scribed.

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 such pole-pieces, 45
of energizing-coils connected, respectively, in
two circuits derived from the same source of
alternating currents and laminated or sub- .
divided ironshunts or bridges of smaller cross-
section than the pole-pieces and joining the
free ends of all the cores or pole-pieces of one
set to form closed magnetic circuits, as set
forth.

4. In analternating-current inotor, the com-
bination, with a set or series of field-poles 55
and energizing-coils wound thereon, of an in-
termediate set of pole-pieces forming portions
of closed magnetic circuits and coils thereon
in & circuit derived from the same source of
alternating currents as the other, as set forth. 6o

NIKOLA TESLA.

‘50

Witnesses: .
ROBT. F. GAYLORD,
PARKER W. PAGE.
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UNITED STATES

PAaTENT OFFICE.

NIKOLA TESLA, OF NEW YORK, N. Y., ASSIGNOR TO TNE TESLA ELECTRIC
COMPANY, OF SAME PLACE.

ELECTRICAL TRANSFORMER OR INDUCTION DEVICE.

SPECIFICATION forming part of Letters Patent No. 488,702, datel Auzust 5, 1800.
Apolication flled March 26, 1890, Serlal No. 345,380. (o medel.)

To all whom it muy concern:

Be it known that I, NIKOLA TESLA, a sub-
ject of the Emperor of Austria-Hungary, from
Smiljan, Lika, border country of Austria-

5 Hungary, residing at 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 & specification, reference be-

to ing had to the drawings accompanying and
formjng a part of the same.

This invention is an improvement in elec-
trical transformers or converters, and has for
its main objects the provision of means for se-

15 euring, first, a phase difference between the
primary and secondary currents adapted to
the aperation of my alternating-current mo-
tors and other like pu and, second, a
constant current for all loads imposed upon

20 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-

25 ever, of opposite sign. At the same time the
currents, primary and sécondary, 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

30 maximum 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
hsvini the property of self-induction. On

35 the other hand, the lag 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-

40 tween the maximum or the minimum periods

of the primary and secondary currents is in-

creuoni. This time interval, however, is lim-
ited, and the results obtained by phase dif-
ference in the operation of such devices as

45 my alternating-current motors can only be
approximately realized bysuch means of pro-
ducing or securing this difference, as above
indicated, for it is desirablein such cases that
there should exist between the Pﬂmury and

$o 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
cirounit should be maximum when that in the-
other circunit is minimum. Tomore perfectly 5§
attain to this condition I obtain or securean
increased retardation of the secondary cur-
rent in the following manner: Instead of bring-
ing the primary and secondary coils or cir-
cuits of a transformer into the closest i-
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 sar-
rounding either the primary or the secondary
with a comparatively-thin magnetic shield or 65
screen. Under these conditions or cfréum-
stances, as long as the primary current hasa
small value, the shield protects the secondary;
bus as 8oon as the primary current has reached
a certain strength, which is arbitrarily deter-
mined, theprotecting magneticshield becomes
satarated and the inductive action upon the
secondarybegins. Itresults,therefore,thatthe
secondary current begins to flow at a certain
fraction of a period later than it would without
the interposed shield, and since this retarda-
tion may be obtaired without necessarily re-
tarding the primary ourrent 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
& transformer may, by properly proportion-
ing its several elements dnd determining in
amanner well understood the proper relations 85
between the primary and secondary windings,
the thickness of the magneticshield,and other
counditions, be constructed to yield 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' & matter determined by experiment and
calculation in particular cases; but the gen-
eral plan of construction which I have de-
scribed will be found under all conditions to 95
conduce to the attainment of this result.

In the accompanying drawings I have illus-
trated the construction above set forth. -

Figure 1 is a cross-section of a transformer
embodying my improvement. Fig.2isasimi- 100

70
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lar view of a modified form of transformer,
showing diagrammatically the manner of
using the same.

A A is the main core of the transformer,
m:gmedof & ring of soft annealed and insu-

or oxidized iron wire. Upon this core
is wound the secondary cirenit 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 coii. 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. When the strength of the
primary reaches a certain value, the shield C,
becowming saturated, ceases to protect the sec-
ondary from inductive action, and current is
in consequence developed therein. Forsimi-
Iar reasons, when the yrimary current weak-
ens, the weakening of the secondary is re-
tarded to the same 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
iron plates or disks. The primary circuit D
is wound next the core A. Over this is a]
plied the shield C, which in this case is ma«g
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 source of alternating or rapidly
changing currents. The primary of the trans-
former is connected with the circuit of the
generator.

F is a two-circuit alternating-current mo-

tor, one of the circuits being connected with
the main circuit from the source 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 transformer or induction
device, the combination, with the main mag-
netic core and the primary and secondary
coils or circuits, of a magnetic shield or screen
itntnll;poeed between said coils, as herein set

orth.

2. In anelectrical transformeror 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 induaction
device, the combination, with the magnetic
core and the primary and secondary coils
wound thereon, of A magnetic shield or screen
wound on or built up around one only of said
coils, as described.

‘4. In an electrical transformer or induaction
device, the combination, with a main lami-

-

5

so

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 electrical transformer, the combi-
nation, with a magnetic core and primary
and secondary coils wound thereon, of & mag-
netic shield or screen inter between
said coils and surrounding one of them and
adapted to be or capable of being magnetic-
ally satarated by a predetermined current
strength below the maximum in the primary,
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., ASSIGNOR TO THE TESLA ELEOCTRIC
COMPANY, OF SAME PLACE.

ELECTRO-MAGNETIC MOTOR.

SPECIFICATION forming part of Letters Patent No. 433,708, dated August 5, 1880.
Anﬂuhn filed April 4,18080. Barial No. 846,608, (Mo model)

To all whom it may concern:

Be it known that I, NIKOLA TESLA, a sub-

ject of the Emperor of Austria-Hungary, from
Smiljan, Lika, border country of Austria-
Hungary, residing at 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 is a specifi-
cation, reference being had tothe drawings ac-
companying and forming & part of the same.

This invention is an improvement in alter-
nating-current motors, and has for its general
object to produce a single-circuiv alternating-
current torque-motor of economical and sim-
ple construction.

The nature of the invention will be under-
stood from the following statement.

Itis well known that if a magnetic core, even
if laminated orsubdivided, be wound with an
insnlated 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 partssimultaneously. This I attributeto
the fact that the action of the current is to
energize first those laminse or parts of the
core nearest the surface and adjacent to the
exciting-coil, and from thence the action pro-
gresses toward the interior. A certain inter-
val of time therefore elapses between the
manifestation of magnetism in the external
and the internal sectionsor layers of the core.
If the core be thin or of small mass, this effect
may be inappreciable; but in the case of a
thick core, or even of a comparatively thin
one, if the number of alternation or rate of
change of the current strength be very
great the time interval occurring between the
manifestations of magnetism in the interior
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—such as pulsating or undulating
currents generally—I have found it desirable
and even necessary to give due consideration:
to this phenomenon and to make special pro-
visions in order to obviaté its consequences.
The specific object of my present invention is
to take advantage of this action or effect, and

‘by rendering it more pronounced to utilize it

in the operation of motors in general. This
object I attain by constructing a field-magnet

in which the parts of the core or cores that
exhibit at different intervalsof time the mag- s5
netic effect imparted to them by alternating

or equivalent currents in an energizing coil

or coils are 8o placed with relation to a rotat-
ing armature as to exert thereon their attract-
ive effect successively in the order of their Go
magnetization. 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- 65
gression of the magnetic poles or points of
maximum attraction of the fleld of force.

In the drawingsI haveshown a simple form
of motor, which will serve to demonstrate the
principle of the mode of operation, which I 70
have above déscribed 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 75
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 8o
connected with a source E of rapidly-varying
currents. Let us consider now the magnetic
conditions existing in this core at any point,
as b, at od near the center, and any other
point, as a, nearer the surface. When a cur- 85
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- go
vening sections or layers between a and b,
does not at onceexhibit .ts magnetism. How-
ever, as the magnetization of a increases, b
becomes also affected, reaching finally its
maximum strength sonie time later than a. g5
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 a is attended by a sub-
sequent weakening of b. Assuming the cur- 100
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rent to be an alternating one, « will now be
reversed, while bstill continuesof 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, & 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. Thisaction 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. Each coreiscomposed of three main
parts B, B, and C, and they aré similarly
formed with a straight portion or body e,
around which the energizing—oil is wound, a
curved arm or extension ¢, and an inwardly-
projecting pole or end d. h 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 sec-
tions are insulated from one another in the
manner usually followed in such cases. These
cores are wound with coils D, which are con-
nected in the same circuit, 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
F, 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 in close
proximity to the coils, are immediately ener-
gized. The sections C,on the other hand, are
protected from the magnetizing influence of
the coil by the interposed layers of iron B B.
As the magnetism of I3 B increases, however,
the sectiouns C are alse energized; but they do
not attain their maximum strength until a
certain time subsequent to the exhibition by
the sections B B of théir maximum. Upon
the weakening of the current the mdgnetic
strength of B B first diminishes, while the
sections C have still their maximium strength;
but as B B continue to weaken the interior

433,703

sections are similarly weakened. B B may 6o

then begin to exhibit an opposite polarity,
which is followed later by a similar change
on C, and this action continues. B B and -C
may therefore be considered asseparate field-
magnets, being extended so as to act on the
armature in the most efficient positions, and
the effect is similar to that in my other forms
of motor—viz., a rotatioh or progression of
the maximum points of the field of force. Any
armature—sach, 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 out in conjunction
with other means, such as I have elsewhere
set forth, for securing a more favorable or
efficient action of the motor. For 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 samne principle of action
or operation may be carried out in a great
variety of forms.

‘What I claim is—

1. In an alternating -current 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
force produced by said parts, as set forth.

2. The combination, in an alternating-cur-
rent motor, of & rotating armature, & field-
magnet composed of a eoil and a core with
two sections in proximity to the coil and an
inner section betw
being formed or provided with polar projec-
tions extending in opposite directions over or
around the armature, as set forth.

3. The combination, in an alternating-cur-
rent motor, of & 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 orprovided
with independent laterally - extended pole
pieces or projections, as herein described.

NIKOLA TESLA.
Witnesses: ’ :

ROBT. F. 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 Letters Patant No. 445,207, dated January 27, 1891.
Application fled May 20, 1889, Serial No. 311,417. (No model.)

To all whom it may concern:

Be it known that I, NIKOT.A TESLA, a sub-
ject of the Elnmror of Austria-Ilungary, from
Smiljan, Lika, border country of Austria-1Tun-
gary, residing at New York, in the county and
State of New York, have invented certain new
and useful Improvements in Eloctro-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.

Among the various forms of alternating-
current motors invented by me is one which
I have described in other applications, and
whichis constracted as follows: I build a field-
core with, say, four poles, between which is
mounted an armature that is generally wound
with closed coils. On two of the opposite
poles of the field I wind primary coils, which
are connected up in the main circuit. On the
samo 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 i3 caused to passthrough the pri-
mary coils it energizes directly one set -of
poles and induces currents in.the secondary
coils, which act to energize the other poles;
but the phases of the carrent in the second-
ary coils may differ in time from those of the
primary current, and hence a rotation or shift-
ing of the poles is effectéd that imparts rota-
tion to the motor.

These motors wnay be constructed in many
other ways; but for purposes of this case it is
only necessary to consider the specific Torm
which I have thus generally described, as my
improvements relate mainly to snch form.

The object of iny present invention is to
render this form of motor more efficient and
to improve its action or mode of operation.

In the motors-constructed in accordance
with this principle I bring two energizing-
circuits into inductive relation in the motor
itself—that is to say, the secondary currents
which energize one set of the field-cores are
induced in the motor itself, 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-
rents in the ;rimary and secondary coils. To
obtain a difference of phase or lag that is

suited to working conditions is the specific
object ¢f my present invention.

The following explanations will serve to
illustrate the principle upon which said in-
vention is based. Iet it be assumed that an
ordinary alternating-current generator is con-
nected up in a circuit of practically no self-
induction, such, for example, as a circuit con-
taining incandescent lamps only. On the op-
eration of the machine alternating currents
will bedeveloped in thecircuit,and the phases
of these carrents will theoretically coincide
with the phases of the iinpressed electro-mo-
tive force. Such currents may be regarded
and designated as the “ anretarded currents.”

It will be understood, of course, that in
practice there is always more or less self-in-
duction in the circuit, which modifies tn a cor-
responding extent these conditions; but for
convenience this may be disregarded in the
consideration of the principle of operation,
since the same laws apply. Assume next
that a path of currents be formed across any
two points of the above circuit, consisting,
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
force, but will lag behind tiie same, such lag
being directly proportional to the self-induc-
tion and inversely proportional to the resist-
ance of the said coil. The insertion of this
coil will also cause a lagging or retardation

55

66
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H

.~

8o

of the currents traversing and delivered by

the gonerator behind the impressed electro-
motive force, such lag being tho mean or re-
sultant of the lag of the current through the
primary alone and that of what I have des-
ignated the “unretarded current” in the
entire working-circuit. Next consider the
conditions imposed by the association jn in-
ductive relation with the primary coil of &
secondary coil. The current generated in the
secondary coil will react npon the primary
current, modifying the retardation of the
same, according to the amount of self-induc-
tion and resistance in the secondary circuit.
If the secondary circuit have but little self-
induection—as, for instance, when it contains
incandescent lamps only—it will increase the

8
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actual difference of phase between its own
and the primary current, first, by diminish-
ing the lag Letweon the primary current and
the impressed electro-motive force, and, sec-

s ond, by its own lag or retardation Lehind’

the impressed electro-motive force. Oun the
other hand, if the secondary circuit have a
high self-induction its lag behind the cur-
rent in the primary is directly increased,
70 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. Iapply these prin-
ciples to the constraction of A motor which I
15 shall now describe.

The details of the improvements are illus--

trated in the drawings, in which—

Figure 1 is a diagram of a motor exhibiting

my invention. Fig.2 is a similar diagram of
20 a modification of the same.

In Fig. 1 let A designate the tield-magnet
of a motor which, as in all these motors, is
built up of sections or plates. B C are polar
projections upon which the coils are wound.

35 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
3o under the primary coils, and these I connect
with other coils E, which surround the poles
B B. The currents in both primary and sec-
ondary coils in such a motor will be retarded
or will lag behind the impressed electro-mo-
35 tive force; but to secure a proper difference
in phase between the primary and secondary

currents themselves I increase the resistance-

of the circnit of the secondary and reduce as

much as practicable its self-induction. I do

4o this by using for the secondary circuit, par-

ticularly in the coils E, wire of comparatively

small diameter and having but few turns

around the cores; or I nse some conductor of

higher specific resistance, such as German

45 silver; or I may introduce at some point in

the secondary circuit an artificial resistance

R.. Thus the self-induction of the secondary

is kept down and.its resistance increased

with the result of decreasing the lag between

so the impressed electro-motive force and the

current in the primary coils and increasing

the difference of phase between the primary
and secondary currents.

In the disposition shown in Fig. 2 the lag

55 in the secondary is increased by increasing

the self-induction of that circuit, while the

increased tendency of the primary to lag is

counleracted by inserting therein a dead re-
sistance. The primary coils D in this case
have a low self-induction and high resist-
ance, while the coils E F, included in the sec-
ondary circuit,have a high self-induction and
low resistance. This may be done by the
roper winding of the coils, or in the cireunit
including the secondary coils E F, T may in-
troduce a self-induction coil S, while in the
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
increased. It is evident that both means of
increasing the difference of phase—namely,
by the special winding as well as by the sup-
pfomontal or external inductive and dead re- -
sistance—may be employed conjointly. 75

In the operation of this motor the current
impulses in the primary coils inducecurrents
in the secondary coils, and by the conjoint
action of the two the points of greatest mag-
netic attraction are shifted or rotated.

In practice I have found it- desirable to
wind the armature with closed coils in which
currents are induced by the action thereon,
of the primaries. .

I do not claim, broadly, herein the method 85
of operating motors by inducing in one cir
cuit carrents by means of those in another,
nor.the other festures herein not specifically -
pointed out in the claims, having personally
filed applications for such features. 9o

What I claim is— .

1. The combination,in a motor,of a primary
energizing-circuit adapted to be connected
with the circuit of a generator and a second-
ary energizing-circuit in inductive relation
thereto, the two circuits being of different
electrical charaocter or resistance, as set forth.

2. The combination, in a motor,of a primary
energizing-circuit adapted to be connected
with the circuit of a-genorator and a second-

8o
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 ary energizing-circuit in inductive relation

thereto, the two circuits being of  different
self-induction, ‘as herein set forth.

3. The combination, in a motor, of primary
energizing-coils adapted to be connected to a
source-of carrent and secondary energizing-
coils in a circuit in inductive relation thereto,
one set of said coils heing formed by conduct-
ors of small size and few turas, the other by
conductors of larger size, as set forth.

NIKOLA TESLA.

105

Witnesses:
R. J. STONEY, Jr,,
E. P. COFFIN.
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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. 455,087, dated June 30, 1891.
Application f1ed January 97,1801, Berlal No. 879,351, (No model

To all whom it may concern:

Be it known that I, NIKoLA TESLA, & sub-
Jject of the Emperor of Austria, from Smiljan,
Lika, bordercountry of Austria-ITungary, and
reeiding at New York, in the county and State
of New York, have invented certain new and
useful Improvements in Electro-Magunetic Mo-
tors, of which the following is a specification,
reference being had to the accompanying
drawings.

The subject or my present invention is an
improyement primarily designoed 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 alternatin
currents differing in phase and -direct
through or developed in independent ener-
gizing-circuits in the motor, aid 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 alternatingorin gen-
eral an undulating current is made to pass.
Someof these effects,and thosemost important
inconnection with myinvention,areasfollows:
First, if the terminals or platesof a 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 carefully insulated as to
prevent almost completely the passage of a
current of unvarying' strength or direction
and of moderate electro-motive force; second,
if a circunit 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 greater or
less degree, dependent upoa 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 bridged
by a condenser, a variation in the strength 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 constrnection

and operation of my motors, as by proeducing
& difference in phase in the two energizing-

circuits of an alternating-current motor by s

connecting the two circuits in derivation and
connecting up a condenser in series in one of
the circuits; but such applications seem to be
obvious to one familiar with my. motors and
the facts above edumerated.

My present improvements, however, possess
certain novel features of practical value and
involve a knowiédge of facts less generally
known. These improvements comprise the
use of a condenser or condensers in connec-
tion with the induced or armature circuit of
a motor and certain details of the construe-
tion of such motors. In an alternating-cur-
rent motor of the type to which I have par-
ticunlarly 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

| complicate and render difficult the attainment

of the conditions best suited to the most efti-
cient working of the motors. The most effi-
cient working conditions, in other words, re-
quire, first, that for a given inductive 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 currents in the en-
ergizing and the induced circuits a given re-
lation of phase. Hence whatever tends to
decrease the self-induction and increase the
current in the induced circuits will, other
things being eqnal, increase the output and
efficiency of the motor, and the same will be
true of causes that operate to maintain the
mutual attractive effect between the field-
magnets and armature at its maximum. I
secure these results by connecting with the
induced cireuit orcircuits a condenser, in the
manner hereinafter described, and I also,
with this purpose in view, construct the me-
tor in a special manner.

Referring to the drawings for a particular
description of the invention, lfigure 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 a special form of armature-
core adapted to the invention. Fig. 3 is a

6o
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similar section of & modification of the same.

Fig. 4 is one of the sections of the core de-

tached. Fig. 5 is & diagram showing a modi-

fied disposition of armature or induced cir-
5 euita.

The general plan of the invention is illus-
trated In Fig. 1. A A in this figure repre-
sent the frame and field-magnets of an alter-
nating-current motor, the poles or projections

10 of which are wound with coils B and C, form-
ing independent energizing-circuits connect-
ed either to the same or toindependent sources
of alternating currents, as is now well under-
stood, so that the currents flowing through

15 the circuita, respectively, will have a differ-
ence of phase. Within the influence of this
field is an armatuore-core D, wound with coils
E. In my motors of this description hereto-
fore these coils have been closed upon them-

20 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. For this purpose
the ends of the series of coils are brought out

2g through the shaft to collecting-rings G, which
are connected to the eondenser by contact-
brushes H and suitable conductors, the con-
denser being independent of the machine.
The armature-coils are wound or connected

30 in such manner that adjacent coils prodnce
opposite poles.,

The action of this motor and the effect of
the plan followed in its construction are as
follows: The amotor being started in opera-

35 tion and the coils of the field-magnets being
traversed by alternating currents, currents
are induced in the armature-coils by one set
of fleld-coils, as B, and the poles thus estab-
lished are acted upon by the other set, as C.

40 The armature-ocoils, howéver, have necessa-
rily a high self-induction, which opposes the
flow of the currents thus set up. The con-
denser F-not only permits the passage or trans-
ferrence of these currents, but also counter-

45 acts the effects of self-induction, and -by a
proper adjustment of the capacity of the con-
denser, the self-induction of the coils,and the
grlo,ds of the carrents the condenser may

made to overcome entirely the effect of
so 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 armatare
directly, or make it a partof the armature.

ss 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 F, generally by winding the

60 two insulated plates thereof spirally around
the shaft. In other cases I utilize the plates
of the core itself as the %lsteu of the con-
denser. For exaniflo, in Figs.3and 4, N is
the driving-shaft, M M are the heads of the

65 aroature-core, and K K’ the iron plates of
which the core is built up. These plates are
insulated from theshaft and from oneanother,

and aro held together by rods or bolts L. The
bolts pass through a large hole in one plate
and & small hole in the one next adjscent,
and so on, connecting electrically all of plates
K, as one armature of a condenser, and all of
plates K’ as the other.

To eitherof the condensersabove described
the armature-coils may-be connected, as ex- 7§
plained by reference to Fig. 1.

In motors in which the armature-coils are
closed upon themselves—as, for example, in
any form of alternating-current motor in
which one armature coil or set of coils is in
the position of maximam induction with re-
spect to the field coils or poles, while the other
is in the position of minimum induction—the
coils are preferably connected in one series,
and two points of the circait thus formed are 85
bridged by a condenser. This is illustrated
in Fig. 5, in which E represents one set
of armature-coils and E’ the other. Their
points of -union are joined through a con-
danser 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
branchisalternately the predominatingsour~a
of the induced current. Hence the effect of 95
the condenser Fistwofold. First,it increases
the current in ench of the branches alter-
nately, and, secondly, it alters the phrase of
the currents in the 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
increases the flow of current inthe armature-
circunits due to a given inductive effect, and
also because it brings more nearly into coin-
cidence the maximmum magnetic effects of the
ooacting field and armatare-poles.

It will be understood, of course, that the
causes thatcontribute to the efficiency 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 thesd is, as is well
known, the periodicity of the current, and
hence the improvements which I have here-
in ‘desoribed 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 speocial form of
motor, it will be understood that it is equally
applicable to any other alternating-carrent
motor in which there is a closed armature-
coil wherein the currents are induced by the’
action of the fleld, and, furthermore, I would
state that the feature of utilizing the plates
or sections of a magnetic core for forming the
condenser, I regard as applicable, generally,
to other kinds of alternating-current appa-
ratus.

Having now desoribed my invention, what
I olaim is—

1. Inanalternating-current motor, the com-
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