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To all whom i may concern: '
- Be it known that I, NTROLA TESLA, a sub-

ject of the Emperor of Austria-ITungary, from.|.

Sniiljan, Lika, border country of Austria-Hun-
5 gary, residing at New York, in the county and
State of New York, have invented certain new
and useful Improvements in Electro-Magnetic

Motors, of whieh the following is a specifica-

tion, reference being had to the drawings ac-

to companying and forming # part of the same.
Among the various forms of alternating-
“current motors invented by me is one which

I have described in other applications, and
whichisconstructed as follows: I build a field-

.15 cove with, say, four poles, between which is

mounted anarmature thatis generally wound-

with closed coils. On two of the opposite
poles of the field I wind primary coils, which
. are connected up inthe main circuit. On the
~ 20 same cores I also wind secondary coils, which
are closed through coils-on the other pair or
set of poles. In this motor when an alternat-
ing current is caused to passthrough the pri-
mary coils it energizes directly one set of

25° poles and induces currents in the secondary .

coils, which act to energize the other poles;
but the phases of the current in the second-
ary coils may differ in timefrom those of the

primary current,and hence a rotation orshift-

30 ing of the poles is effected that imparts rota-
tion to the motor.

These motors may be constructed in ma,ny‘

other ways; but for purposes of .this case itis
only necessary to consider the specific form
35 which I have thus generally described, as my
improvements relate mainly to sach form.
The objeet of my present invention is to
render this form of motor more eflicient and
to improve its action or inode of opération.
In the motors constructed in ac¢eordance
with this priuciple I bring two energizing-
- circuits into induetive relation in the motor
itself—that is to say, the secondary cnrrents
. which energize one set of the field-cores are
45 induced in the motor itsclf, and the employ-
ment of an external induction device is thus
avoided. The operation of these motors, how-
ever, is dependent upon the existence of a
certain difference of phase between the cur-
50 renis in theprimary and secondary coils. To
obtain a differcnce of phase or Jag that is

40

-since the sanie laws apply.

] suited o \\joi%'iug_._condilio'ns'js the specific

object ¢f my present.invention.

-The following esplanations will serve to
illustrate the principle itpon which said in- 55
vention is based. . 'Tet it be assamed that an

-ordinary altornating-current generator Is con-

nected up in a.cirenit of practically no -self-
induection, sucl;, for example, asa circuitcon-
taining incandeseent lamps only. - Onthe ep- Go

-eration of the machipe alterhating currepts

will bedeveloped in the circuit, and thoph@es
of. these currents will theoretically coinoide
with the phases of the impressed electro-mo--

 tive force. Such currents may be regarded 65 -

and designated as.the “unretarded currents.”
It will be understood, of course, that in
practice there is always more or less self-in-
duction in thae girenit, which modifies to a cor-
responding extent thesc conditions; but for 7o
convenience this way be disregarded in the
consideration of the principle of operation,
Assume next
that & path of currents be formed across any
two points of the above cireuit, consisting, 75
for example, of the primary of an induction
device. The phases of the currents passing
through the primary, owing to the self-in-
duction of the same, will not coincide with
the phases of the impressed electro-motive 8o
force, but will lag behind tiic same, such lag
being-directly proportional to the self-induc-
tion and inversely proportional to theresist-
ance of the said coil: The insertion of this
coil will also cause a lagging or retardation 8;
of the currents traversing and delivered by
the generator behind the impressed @&lectro-
motive force, such lag Leing the mean or re-

sultant of the lag of the current through the

primary alone and that of what I have des- go
ignated the “unrctarded current” in the
entire working-circuit. Next consider the
conditions imposed by the association in in-
duetive relation with the primary evil of a
secondaryeoil. T'he current generated in the g3
sceondary coil will react upon the primary
current, modifying the retardation of the
same, according to the amount of self-indue-
tion and resistance in the secondary cireuit.

If the secondary circuit have but little self- 100
induction—as, for instance, when it contains
incandescent lamps only—it will inerease the



2 o - 445,207

10

15

25

30

35

40

45

-sthall diamgter and having

actual difference of plhase between its own .

and the primary current, first, by diminish-
ing the lag between:the primary current and
the impressed electo-motive force, and, sec-

ond, by its own lag or retardation behind-
On the -

the impressed electro-motive force.
_other hand, if the secondary cireuit have a
high self-induction its lag behind the cor-
rent in the primary is directly increased,
while it will be-still further increased if ‘the

primary have a verylowself-induction.” The

better results.are.obtained when the primary
‘has a low self-induction. I apply these prin-
ciples to the -construction.of a motor whichI
shall now describe. .

. The details of the impr‘oveménts

trated in the drawings; in which—

- Figurel is a diagram of a motor exhibiting |
amy invention. I'ig’2 is a similar diagram of |-
20

a modification of the same.

. In Fig. 1 let A designate the field-magnet
of & motor whick, as. in ‘all these motors, is
built up of sections or plates. .B C are polar
projections upon which the coils are woand.
Upon one pair of these. poles, as” C, I wind
primary coils D, which are directly connected

to the circuit of an alternating-current gen-
erator G.  On the same poles I also wind sec-
-ondary coils F, either side by side or over or

under the primary coils, and these I connect
with other coils E, which surround the poles
B B. The gurrents in both primaryand sec-

ondary coils in such a motor will be retarded-
or will lag behind the impressed electro-mo- |
tive force; but to secure a proper difference-

in phase between the primary and secondary
currents-themselves I increase the resistance
of the circuit of the secondary and reducs as
much as practicable its self-induction. I do
this by using for the secondary circuit, par-
ticularly in the coils E, wire of comparatively
ut few turns
-around tho cores; or I use some-conductor of
highet specific resistance, such as German
silver; or I -may introduce at somé -point in
the secondary circuit.an artificial’zesistance
R. Thus the self-induction of the secondary
is kept down and its resistance increased

- with the result of decreasing the lag between

50

the impressed electro-motive force and .the

~ecurrent in the primary coils and increasing

55

the difference of phase between the primary
and secondary currents. .

In the disposition shown in Fig. 2 the lag
in the secondary is increaserl Ly increasing

. the self-induction of that circuit, while the
“increased tendency of tlie primary to lag is

"have n low self-induction and high resist.

“troduce a self-induction coil'S, while in the

.are illus-.

filed applications for such foa.tnreg.

-connteracted by inserting therein a dead re-

sistance. .The primary coils D-in this case .’
-6o

ance, while the coils E F, included in the see- :
ondary circuit, iave a high self-indaection and
low resistance. This may be done by the
proper winding of the coils, or-in the cireuit. -
including the secondary. coils E IF, I may in- 65 -

primary circuit from the generator G and in-
cluding coils D, I may insert a dead resist-
ance-R. By this means the-difference of .
phase between. the primary and secondary is 7o
iacreased. Tt is evident that both means:-of -

.increasing the difference of phase—namely, -
‘by ‘the special winding as well as bythesup- -

plemental or external inductive and dead re- -
sistance—may be employed conjointly. 15

In the oparation of this motor the current
impulses in the primary coils induce currents
in-the secondary coils, and by the conjoint
action of the two the points of greatest mag-
neti¢ attraétion are shifted or rotated.

In practice I have found it desirable to
wind the armature with closed ceils in which

8o

1 earrents are indaced by the action thereon

of the primaries. . — .

I do not claim, broadly, herein the method 85
of operating motors by indaeing in one ecir-
cuit currents by means of those in another, .
nor the other features herein not specifically
pointed out in the claims; having personally

go
" What I claim js— o

1. The combination,in a motor,of a primary
energizing-circuit adapted to be connected
with the circuit of & generator.and a second-
ary energizing-circuit in inductive relation
thereto, the two circuits being of -different
electrical character or resistance, as set forth.
2. Thecombination, in a motor,of & primary
energizing-circuit” adapted to be connested
with the circuit. of & generdtor anda second- roo

ary energizing-cirguit in induective relation

95,

-thereto, the. twa zircnits beinmg of different

self-induction, as herein set forth. .

~ 8."The combination,in a motor, of primary
energizing-coils adapted to be connected to a sog
source of current and.secondary energizing-
coils in a eirounit in inductive relation thereto,

-one set of said coils being formead by conduat-

ors of small size and few turns, the other by

,condnctor_s of larger size, as set.forth. .

_ . NIKOLA TESLA..
Witnesses: : :

R. J. STONEY, Jr.,
E. P. COFFIN. '
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