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UNITED STATES

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

SYSTEM OF ELECTRICAL

PaTEnT OFFICE.

ASSIGNOR TO THE TESLA ELECTRIC
SAME PLACE.

POWER TRANSMISSION.

SPECIFICATION forming part of Letters Patent No. 511,560, dated December 26, 1893,
Application filed December 8, 1888, Serial No,283,052, (No model.)

To il whom it may concerm:

Be it known that I, N1kora TESLA, a sub-
jectof the Emperor of Austria-Hungary, from
Smiljan, Lika, bordercountryof Austria-Hun-

5 gary, residing at New York, in the county
and State of New York, have invenled cer-
tain new and useful Improvements in Sys-
tems of Ilectrical Power Transmission, of
which the following is a specification, refer-

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

Incertain patents heretofore granted,] have
shown and described a system of electrical
power transmission in which each motor con-

13 tained two or more independent energizing
circuits through which were caused to pass
alternating currents having in each circuit
such difference of phase that by their com-
bined or resultant action they produced a ro-

20 tary progressionof the polesorpoints of max-
imum magnetie effect of the motor and there-
by maintained the rotation of its movable
element. In the system referred to and de-
seribed in the said patents the production or

25 generation of the alternating currents, upon
the eombined or resultant effect of which the
operation of the system depends, is effected
by the employment of an alternating current
generator with independent induced circuits

3o which, by reason of the winding or other con-
struction of the generator, producescurrents
differing in phase, and these currents are con-
veyed directly from the generator to the cor-
responding motor coils by independent lines

35 or circuits. I have, however, discovered that
I may produce the same or a similar result
by an alternating current from a single origi-
nal source using between the generator and
motors but one line or transmission eireuit.

40 Broadly stated, this system or method in-
volves a source of alternating or equivalent
currents, a single transmission eireuit, a mo-
tor having independent energizing circuits
connected with or adapted for eonnection

45 with the transmission cireuit, means for ren-
dering the magnetic effects due to the ener-
gizing circuits of different phase, and an ar-
mature within the influence of the energiz-
ing ecireuits; the means foraccomplishing this

5o result being of such anature as to retard the
eurrent in one energizing cireuit fo a greater

or less extent than in the other. The distri-
bution of themain ororiginal currentthrough
the two motor cireuits may be effected by in-
duction or by derivation. In other words, I 53
may pass the alternating current from the
source through one energizing cireunit, and in-
duce by such current a second current in the
other energizing ecircuit. Or, on the other
hand, I may connect up the two energizing 6o
circuits of the motor in derivation or multi-
ple arc with the main circeuit from the source.
IneithereventImake due provision for main-
taining a difference of phase between the cur-
rents in the two eircuits or branches.

In an application filed by me May 15,1888,
Serial No. 273,993, Thaveshown and described
the means which I have employed for secur-
ing this result by inducing one energizing
current from the other.

My present application relates to the means
employed when the two energizing currents
are obtained from a single original source by
derivation.

In explanation of what appears to be the ;3
principle of the operation of my invention
and of the functions of the several instru-
mentalities comprised thereby, let it be as-
sumed that the two energizing circuits of an
alternating current motor, such, for example, So
as T have deseribed in my Patent No. 882,280,
dated May 1, 1888, are connected up in deri-
vation or multiple arc with the conductors
of a circuit including an alternating current
generator. It is obviousthatif both circuits 8j
are alike and offer the same resistance to the
passage of the eurrent no rotary effect will be
produced, for althongh the periods of the cur-
rents in both eircuits will lag or be retarded
to a certain extent with respect to an un- go
retarded current from the main eireuit, their
phases will eoincide. If, however, the coils
of one circuit have a greater number of con-
volutionsaround the cores, or a self induction
coil be included in one of the circuits, the g5
phases of the current in that circuit are re-
tarded by the increased self induction. The
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degree of retardation may readily be secured
by these means which will produce the dif-
ference in electrical phase between the two 1oo
currents necessary for the practical operation
If in lieu of increasing the

of the motor.
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self induction of one cirenit a dead resist-
ance be inserted, the self induetion of such
cireuit exerts a correspondingly diminished
effect, and the phases of the current flowing
in that branch are brought more nearly in
unison with those of an unretarded current
from the main line and the necessary differ-
ence of phase between the currents in the two
energizing circuits thus secured. I take ad-
vantage of these resunlts in several ways.
For example, I may insert variable resist-
ances in both branches or energizing cireuits
and by varying one or the other so as to bring
the phases of the two currents more or less in
unison with those of the unretarded current,
I may thus vary the direction of the rotation
of the motor. In lieu of resistances I may
employ variable self induction coils, in both
eircuits, Or I may use a resistance in one
and a self induection coil in the other and vary
either or both. This system or means of op-
erating the motors is rendered of great prac-
tical value by employing an armature wound
with energizing eoils closed upon themselves,
in which currents are induced by the alter-
nating currents passing in the field coils that
serve to greatly increase the mutual attract-
ive effect between the armature and the field
magnets. This use of the armature with
closed coils I regard as an important feature
of my invention. These several features of
the invention I shall now deseribe more in de-
tail by reference to the accompanying draw-
ings.

Figure 1 is a diagram of the system in
which the motor coils or energizing circuits
are in derivation to the main line with a dead
resistance inserted in one circuit. Fig. 2 is
a diagram showing dead resistances in both
motor circuits. - I'ig. 8 is a diagram showing
a self induction coil in one motor circuit.
Fig. 4 is a diagram showing a dead resistance
in one circuit and a self induction coil in the
other. Fig.5in like manner shows a self in-
duection coil in each motor circuit. TFig. 6 is
a diagram showing the two motor circuits of
different electrical character. Fig.7is a dia-
gram illustrating means for varying at will
the electrical character of the motor cireuits.

Referring to Fig. 1, A designates a suitable
source of alternating currents and B B the
line wires running therefrom. It will be un-
derstood that the generator A may be a pri-
mary or secondary generator, and the line B
B may be the main transmission circuit or a
local circuit from a transformer connected
at any point in the line of a main or trans-
mission circuit. For convenience in this
case, it will be considered as a line from a
given source of current to one or more motors.
The motor contains a given number of pole
pieces wound with two sets of coils C and D.
The armature is wound with permanently
closed energizing coils E in which currents
are developed by inductive action when the
motor is in operation which magnetize the
armature core and greatly increase the effi-

ciency of the motor. Assuming the two mo-
tor circuits to have the same degree of self
induection and resistance no rotary effect will
be produced by the passage through them of
an alternating current from the source A.
But if in one of the motor circuits, as D, a
dead resistance represented by R be intro-
duced, the self induction of that cireuif or
branch is reduced and the phases of current
therein retarded to a correspondingly less
extent. The relative degrees of retardation
of the phases of the current in the two motor
cireunits with respect to those of an unretarded
current from the cireuit B thus produced will
set up a rotation of the motor which may be
practically utilized for many purposes.

It, as in Fig. 2, a dead resistance R,-R’ be
introduced into each motor circuit, no rotary
effect will be produced as long as the resist-
ances are equal, but by varying the resist-
ance in one circuit the retardation of the cur-
rent in that cireuit will be varied, and corre-
sponding effects produced. For example, a
reduction of the resistance in one eirenit im-
parts to the motor rotation in one direction
while a reduction of the resistance in the
other circuit will produce. a rotation in the
opposite direction. By means of the two ro-
sistances, therefore, capable of variation or
of being bodily withdrawn from or inserted
in the eirenits by any well known means, a
perfect regulation of the motors.is secured.

In Fig. 3 the arrangement of all the parts
is similar to that shown in Fig. 1 except that
a self induection coil as S is introduced into
one branch or energizing eircuit of the motor.
The effect of thus increasing the self indue-
tion in one of the cireunits is to retard the
phases of the current passing therein to a
greater extent than in the other circuit -and
in this way to secure the necessary diiference
in phase between the two energizing currents
to produce the rotation of the motor.

In Fig. 4 a self induction coil S is ineluded
in oneof the motorcircuits and a dead resist-
ance R in the other. The increased self in-
duction in one circuit thus produced acts to
increase the difference of phase between the
current in such motor circuit and the unre-
tarded eurrent ‘in the main line B. On the
other hand, the introduetion of the dead re-
sistance in the other motor circuit reduces the
retardation and brings the phases of the cur-
rent therein more closelyin accord with those
of the unretarded current, thus producing a
correspondingly greater difference of phase
between the two currents in the energizing
cireuits C and D.

In Fig. 5, two self induection coils S, 8’ are
shown, one in each motor or energizing ecir-
cuit. One of thesecoils as S’is much smaller
than the other and has less self induction or
counter electro motive force than the other,
so that the phases of current will be retarded
to a less extent than in the other. The two
self induection eoils may be of the same char-
acter or size if it is desired to use but one at
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_a time for the purpose of reversing the motor,

" or if they be constructed in well known ways

5
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so that they may be varied.

In Fig. 7 the usual means for varying the
resistance or self-induetion of the motor cir-
cuits at will are indicated by the lever M slid-
ing over a series of resistance plates, and by a
core N which is adapted to be moved in and
out of the induction coil S.

Similar results may be secured by such a
construction or organization of the motor as
will yield the necessary differences of phase.
For example, one set of energizing coils may
be of finer wire than the other, or have a
greater number of convolutions, or each ecir-
cuit may contain the same number of convo-
lutions, but composed of differentconductors,
as, for instance, one of copper, the other of
German silver. I have represented this in
Fig. 6, in which the coils C are indicated by
closer lines than coils D.

There are other ways of varyingtheretarda-
tion due to the self induction in the two ener-
gizing circuits. For example, the motor coils
may be all alike, but those of one energizing
cirenit eonnected in parallel while the others
are connected in series, or the connection in
each emprgizing circuit may be alike, but the

eurrents directed through them may be of
‘sa different strength, as when one of the cur-
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-Zyents is supphpd from asource of higher elec-
tre-motive force.

In the above description I have referred
mainly to motors with two energizing circuits,
but it is evident that the invention applies
equally to those in which thefe are more than
two of such circuits, the adaptation of the
same being a matter well understood by those
skilled in the art.

In using in the claims the term active re-
sistance as applied to the motor cirenits in
this case, it will be understood that the term
refers to the opposing or retarding force ex-
isting in the circuits to the passage of the al-
ternating currents. Thus, the two cireuits

may have the same dead resistance, but dif-
ferent degrees of self induction.

What I claim as my invention is—

1. The combination with a source of alter-
nating currents, and a cireuit from the same,
of amotor having independent energizing cir-
cuits conneected with the said cireunif, and

means for rendering the magnetic effects due
to said energizing circuits of different phase
and an armature within the influence of said
energizing circuits.

2. The combination with a source of alter-
nating currents and a circuit from the same,
of a motorhavingindependent energizing ecir-
cuits connected in derivation or multiple are
with the said circuit, the motor or energizing
circuits being of differentelectrical character
whereby the alternating currents therein will
have a difference of phase, as set forth.

3.-The combination with a source of alter-
nating currents and a circuit from the same,
of a motorhaving independent energizing cir-
cuits connected in derivation or multiple are
with the said circuit and of different active
resistance, as set forth.

4. In analternating current motor, the com-
bination with field magnets, of independent
energizing circuits, adapted to be connected
in multiple arc with the conductors of the
line or transmission circuit and a resistance
or self induction coil in one or both of the
said motor circuits, as set forth.

5. Inan alternating current motor, the com-
bination with the field agnets or cores of in-
dependent energizing co:ls adapted to be con-
nected in multlple arc with.the lime or trans-
mission eircuit, and a variable resistance or
self induction coil included ix one.orboth of
the motor circuits as set forth.

6. Inan alternating current motor, the com-
bination with the field magnets or cores and
independent energizing circuits of different
active resistance and adapted to be connected
with the line or transmission circuit, of an
armature wound with closed energizing coils
or conductors, as set forth.

7. The combination of a generator of alter-
nating currents, a pair of mains connected
thereto, a multiple circuit differential phase,
and an electric motor having one eircuit con-
nected directly to said mains, and the other
circuit connected to said mains through an
interposed electro-motive phase-changing de-
vice adapted to change the time period of the
currents passing through it.

NIKOLA TESLA.

Witnesses:

FrANK E. HARTLEY,
FrANK B. MURPHY.
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Correction in

Letters Patent No, 511,5603‘,

3

It is hiereby certified that in Letters Patent No, 511,560, granted December 26, 150,
upon the application of Nikola Tesla, of New York, N. Y., for an improvement in
“Systems of Electrical Power Transmission,” an error appears in the printed Speeificu-
tion requiring correction, as follows: In line 95, page 3, the words “ and an * should
be stricken out; and that the said Letters Patent should he read with this correction
therein that the same may conform to the record of the case in the Patent Oilip,,

Signed and sealed this 9t day of June, A. D.. 1903.

[sEav] F.I ALLEN,

Coinmissivner of It His,



