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.To all whom it 17mg concern: 
Be it known that I, NIKOLA TESLA, a sub 

ject of the Emperor of Austria, from Smilj an, 
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 Improvements in Electro ~Magnetic 
Motors, of which the following is a speci?ca 
tion, reference being had to the drawings ac 

Io companying and forming a part of the same. 
This invention relates to that form of alter 

nating-current motor invented by m e,in which 
there are two or more energizing - circuits 
through which alternating currents differing 

I have in prior 
patents and applications shown various forms 
or types of this motor-?rst, motors having 
two or more energizing-circuits of the same 

- electrical character, and in the operation of 
20 which the currents used differ primarily in 

phase; second, motors with a plurality of en 
ergizing-circuits of different electrical char 
acter, in or by means of which the difference 
of phase is produced arti?cially, and, third, 

25 motors with a plurality of energizing-circuits, 
the currents in one‘ being induced from 
current-s in another. I shall hereinafter 

1 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 ?rst 
hamed——the armature which is mounted to 
rotate .in obedience to = the cooperative in 
?uence or action of the energizing-circuits has 

35 coils wound upon-it which are closed upon 
themselves and in which currents are induced 
by the energizingcurrents 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 ?eld-coils, and 
the corresponding magnetic state or phase in 
the armature established by the current in 

4 5 duced thereby; consequently a given magnetic 
in?uence or effect in the ?eld 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 

5o ture indirectly produced has reached its 
maximum. This is a condition unfavorable 

40 

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- 55 
nations is em.ployed-—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 ?eld co 
incide, the energy developed by a motor be- 6o_ 
ing measured by the product of the magnetic 
quantities of the armature and ?eld. 
The object, therefore, in this invention is 

.to so construct or organize these motors that 
the maxima of the magnetic effects of the 65 
two elements—the armature and ?eld-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 70 
are illustrated. _ ‘ 

Figure 1: This is a diagrammatic illustra 
tion of a motorsystem such as I have described 
in my prior patents, and in which the alter 
nating currents proceed from independent 75 
sources and differ primarily in phase. 
A designates the ?eld~n1agnet 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- 80 
pieces for the coilsof 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—— 85 
for example, a ring or annular armature, 
wound with a series of coils Ii‘, forming a 
closed circuit or circuits. The action or op 
eration of a motor thus constructed is now I 
well understood. It will be observed, how- 90 
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 Ii‘. Consequently the mutual 95 
attraction between the armature and ?eld 
poles is considerably reduced. The same 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 100 
both acting together, which is the real condi 

To remedy this, I construct the motor tion. 
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field with secondary poles B’ C’, which are 
situated 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. 
The main or primary coils D and E are wound 
for a different sef-induction from that of the 
‘coils D’ and E’, the relations being so ?xed 
that if the currents in D and E differ, for ex 
ample, by a quarter-phase, the currents in 
each secondary coil, as D’ E’, will differ from 
those in its appropriate primary D or E by, 
say, forty-five degrees, or one-eighth of a pe 
riod. 

I explain theaction of this motor as fol 
lows: Assuming that an impulse or alterna 
tion in circuit or branch E is just beginning 
while in the branch D it is just falling from 
maximum, the conditions of a quarter-phase 
difference. The ideal resultant of the at 
tractive forces of the two sets of poles B 0 
therefore may be considered as progressing 
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 minimum. The polarity set up 
in the armature, however, lags behind the 
manifestations of ?eld magnetism, and hence 
the maximum points of attraction in arma 
ture and ?eld, instead of coinciding, are an 
gularly displaced. This effect is counteracted 

‘ by the supplemental poles B’ C’. The mag 
netie phases of these poles succeed those of 
poles B O by the same, or nearly the same, 
period of time as elapses between the effect 
of the poles B C and the corresponding in 
duced effect in the armature; hence the mag 
netic conditions of poles B’ C’ and of the 
armature more nearly coincide and a better 
result is obtained. As poles B’ 0’ act in con 
junction with the poles in the armature es 
tablished by poles B C, so in turn poles O B 
act similarly with the polesset 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 
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 
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 
?uence of the others. This I may do by con» 
structing a motor with two independent sets 
of ?elds, and with either one or two armatures 
electrically connected, or by using two arma 
tures and one ?eld. These modifications will 
be illustrated hereinafter. _ 

Fig. 2 is a diagrammatic illustration of a 
motor and system in which the difference of 
phase is arti?ciallyproduced. There are 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, one, 
as D, being higher than the other. For con 

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. 
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 ?eld do not coincide owing to the 
time that elapses between a given magnetic 
effect in the armature and the condition of 
the ?eld 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 
magnetic effects of poles B’ C’ should corre 
spond to that produced by a current differing 
from the current in coils D or E by ?fteen 
degrees. This I may accomplish by winding 
each supplemental pole B’ O’ with two coils If 
H’. The coilsH are included in a derived cir 
cuit having the same self-induction as circuit 
D, and coils H’ in a circuit having the same 
self~induction as circuit E, so that if these cir 
cuits differ by thirty degrees the magnetism of 
poles B’ C’ will correspond to that produced 
by a current differing from that ineither D 
or E by ?fteen degrees. 
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 I) or E by forty-five degrees, or 
one-eighth of a period. 
This invention as applied to a derived-cir 

cuit motor is illustrated in Figs. 3 and 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 ?eld. These ?gures are also drawn to 
show one of thedispositions of two fields that 
may be adopted in carrying out the invention. 
The poles B B O O are in one field, the re 
mainin g poles in'the other. The former are 
wound with primary coils I J and secondary 
coils I’ J’, the latter with coils K L. The pri 
mary coils I J are in derived circuits, between 
which, by reason of. their different self-induc 
tion, there is a difference of phase, say, of 
thirty degrees. The coils I’ K are in circuit 
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, ?fteen degrees. 
If the poles B C are at right angles, the arma 
ture-coils should be connected directly across, 
or a single armature-core wound from end to 
end may be used; but if the poles B C be in 
line there should be an angular displacement 
of the armature-coils, as will be well under 
stood. 
The operation will be understood from the 

foregoing. The maximum magnetic condition 

Let this difference be thirty degrees. - 
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of a pair of poles, as B5 13', coincides closely 
with the maximum effect in the armature, 
which lags behind the corresponding condi 
tion in poles B B. 
There are many other ways of carrying out 

this invention, but they all involve the same 
broad‘ principle of construction and operation. 
In using expressions herein to indicate a 

coincidence of the magnetic phases or effects 
in one set of ?eld-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— 
1. In an alternating-current motor, the com 

bination, with an armature wound with closed 

coils, of main and supplemental ?eld magnets 
or poles, one set of which is adapted to ex 
hibit their maximum magnetic effect simul 
taneously with that set up in the armature 
by the action of the other, as set forth. 

2. In an electromagnetic motor, the combi 
nation, with an armature, of a plurality of 
?eld 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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