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ELECTRIC MOTOR.

SPECIFICATION forming part of Letters Patent No. 552,337, dated December 31, 1895,
Application filed July 28, 1895, Serial No. 566,865, (No model.)

To all whom it may concern:

Be it known that I, ALBERT W. SMITH, a
citizen of the United States, residing at Wash-
ington, in the District of Columbia, have in-
vented a new and useful Improvement in
Electric Motors, of which the following is a

- specification.
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The object of this invention is to produce
an efficient, simple, and cheap alternating-
current induction-motor employing both the
principles of attraction and repulsion in its
operation, and one that will be self-starting
with several times its normal load without
the need of extraneous or auxiliary starting
devices, and may be run at either a synchro-
nizing or a variable speed, as desired, and be
capable of being economically operated by a
single high-pressure alternating current of
high or low frequency without the usual in-
termediary of pressure-reducing transformers
and with an electrical efficiency equal to that
of the best stationary induetion-transformers.

T'o these several ends my invention consists
in the employment of a fixed and a movable
magnetic system, one of whieh systems is
wound with non-commutable primary and
secondary coilsangularly displaced from each
other, and the other system of which is wound
with two or more independent and angularly-
displaced sets of commutable coils having
their working or torque-producing portions
wound in parallel direction with and in in-
ductive relation to the non-commutable coils
on said other magnetic system, and a com-
mutator adapted to place said commutable
coils in the primary cireuit during those por-
tions of each revolution during which attrac-
tion in the direction of rotation exists between

them and the non-commutable primary coils,

and to place said commutable coils in the
secondary circuit during those portions of
each revolution during which repulsion in
the direction of rotation exists between them
and the non-commutable primary coils.

It also consists in other details to be here-
inafter more fully described.

In the drawings herewith, Figure 1is a con-

ventional diagram of my invention. Figs. 2
and 3 show modifications thereof. Figs. 1*

and 1° are detail views.
In all the views the same letters refer to
like or corresponding parts.

« is the fixed magnetic system, and d is the
movable magnetic system.

b b are primary coils, and ¢ ¢ are secondary
coils on the fixed magnetic system a.

In Fig. 1 the movable magnetic system d
has two sets of coils. The set e e are forthe
time being primaries, and set f f are seconda-
ries. Allthecoils in Fig. 1are shownas ring-
coils of one and one-half turns each. In prac-
tice, however, each coil consists of many
turns. The form of cross-section and angular
width of those portions of the primary coils
which are inthe air-gapis shown by the cross-
hatched spaces z 2, and the form of cross-sec-
tion and angularwidth of the secondary coils
is shown by the full black spaces y i y. The
spaces % vy y and z # 2 also serve to graphi-
cally indicate the character of the coils, the
black spaces y vy vy indicating secondary coils
and the light or cross-hatched spaces 2 z 2
representing primary coils.

In Fig. 1 the commutator g has twelve seg-
ments connected in four groups of three in
each group. Each groupforms one terminal
of one set of commutable coils, alternate seg-
ments being connected to opposite terminals
of the same set of coils.

hand 1/ are primary brushes, and zand 4 are
secondary brushes. The switch 7 is adapted
to close the primary circuit, and switch k& is
adapted to close the secondary circuit. Link/,
of insulating material, mechanically connects
switches 7 and k. The two sets of non-com-
mutable coils b b and ¢ ¢ are each connected
in a separate series, as shown by full lines on
the front and dotted lines on theback. Like-
wise the two sets of commutable coils e eand
f f are each connected in a separate series.

In Fig. 1 the circuit through the motor is
as follows: Starting at the supply-wire m it
passes through the non-commutable primary
coils b b in series to brush 2, then through
commutable coils e ¢ in series to brush 7/, and
vig switch j out to supply-wire m'. The sec-
ondary circuit starting at switeh & passes
through non-commutable coils ¢ ¢ in series to
brush 7, then through commutable coils 7 fin
series to brush ¢ and out to terminal-plate %&'.

If the supply-wires m and m' are assumed
to have for the time being a current of the
polarity indicated by arrow-heads thereon,
and switches j and & are assumed to be closed,
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then a primary current will flow through all
the primary coils in series, asshown by arrow-
heads thereon, and a secondary current will

-flow through all the secondary coils in series,

as shown by arrow-heads thereon. The cur-
rentissimultaneously reversed in all the coils
when the polarity of the eurrentin the mains
is reversed.

The operation of the motor is as follows:
Agsuming the motor to be at rest with the
movable magnetic system in the position
shown in Fig. 1, then the circuit through the
commutable coils has just been commutated
and the coils ¢ e, which for the time being are
in the primary cireuit, are angularly displaced
backward from those of the non-commutable
primaries b b, having the same direction of
current therein. When in this position the
non-commutable and commutable primary
coils jointly generate the circular magnetic
Huxes n n, which, as shown in Figs. 1, 2 and
3, cut across those portions of the primary
and secondary coils lying in the air-gap, and
also thread through some of the turns of the
primary and secondary coils. 'When the coils
are in this position the self-induction of the
motor is small, because the entire magnetic
flux cannot thread through all the turns of
the primary coils, and also because currents
of opposite and counter inducing direction
are flowing in the non-commutable and com-
mutable secondary coils. A large current is
therefore permitted to flow through the mo-
tor, producing a powerful torque always in
the same direction, because the non-commut-
able and commutable primaries in their effort
to inclose the entire magnetic flux and thus
obtain greater self-induction tend to move
into alignment with each other, thus produc-
ing attraction; and the non-commutable and
commutable secondaries in their effort to
avoid the magnetic flux and obtain positions
of less or no self-induction tend to move out
of alignment with the primary coils, and thus
produce repulsion, the commutable second-
aries tending to move out of line with the non-
commutable primaries, and the non-commut-
able secondaries tending to move out of line
with the commutable primaries, but being
fixed, reacting against and repelling the com-
mutable primaries.

Ttwill thus be seen that all the coils jointly
tend to produce motion in the direction of the
arrow p until they reach the relative positions
shown in Fig. 1*, which is a diagram showing
the fixed and movable magnetic systems a
and d developed. In this position the non-
commutable and commutable primary coils
coincide in angular position with each other,
and therefore the motor is producing no
torque, but has the greatest possible self-in-
duction, and only asmall magnetizing-current
in the primary coils is required to produce the
necessary counter electromotive forece, be-
cause the entire magnetic flux now threads
through all the turns of the primary coils, and
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also because no currents are being induced in
the secondary coils for the reason thatthey are
being threaded in opposite directions by ad-
joining magnetic fluxes. When this position
isreached the circuit through the commutable
coils is again commutated, coils ./ becoming

‘primaries and coils e e becoming secondaries.

‘While the motor is being started and is ac-
celerating in speed there is very little or no
sparking at the moment of commutation, be-
cause even when the commutation happens to
coincide with the highest pointon the current-
wave the sparking can only be slight, as there
is during the commutating positions of the
coilsonly a small magnetizing-current flowing
through the motor, and when the commuta-
tion happens to coincide with the zero-point
on the current-wave thereisnosparking what-
ever.

‘When the motor is running at synchronism
the commutation always eoinecides or nearly
coincides with the zero or no-current point on
the current-wave, and hence mno sparking
whatever is possible when running at syn-
chronism.

It will be seen by comparing the position
of magnetic fluxes nn in Fig. 1* with those
in Fig. 1 that the fluxes nn in TFig. 1* have
moved forward with relation to the non-com-
mutable coils b0 and cec¢, and that the com-
mutable coils e ¢ and f f have moved forward
with relation to the fluxes n n. It is there-
fore obvious that all the non-commutable and
commutable coils are subject to translation
induction, or that induction resulting from
the relative mechanical movement between
the coils and fluxes n n, and also to self-induc-
tion, or that induction resulting from an in-
crease and decrease of the magnetic fluxes nn.

The translation induction in all the pri-
mary coils is in the same direction as the self-
induction and co-operates with or adds itself
thereto, and they together oppose the flow of
the primary current through the motor. It
will thus be seen that the counter electro-
motive force in the primary coils is produced
by combined and co-operating self and trans-
lation induction, and not by self-induetion
alone, as is the case in transformers.

The electromotive force of self-induction
in each of the secondary coils has the same
direction ag in those of the primary coils to
whose flux they are subject; but as the mag-
netic luxeshavein those positions where they
are being cut by the secondary coils oppo-
site directions to that where they arc being
cut by the primary coils, therefore the trans-
lation induction in the secondaries is oppo-
site in direction to and opposes their self-in-
duction. This fact makes it possible to place
the secondary coils on short cireuit, their
self-induction and the currents due thereto
being limited by their opposing translation
induction, and thus the secondary coils are
prevented from being destroyed by excessive

current flow therethrough, as would be the
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case in a transformer if its secondary coils
were short-circuited, because no opposing
translation induction is present therein.

T'o minimize self-induction the primary and
secondary coils have their active or torque-
producing parts which pass through the air-
gap wound in parallel direction with each
other, as shewn in all the views. Referring
to Iig. 1, which shows the relative positions
of the coils just after the moment of com-
mutation, and when producing the greatest
torque, it will be seen that the commutable
secondaries f f coincide in angular position
with the non-commutable primaries b b, and
that the commutable primaries ¢ ¢ coincide
in angular position with the non-commutable
secondaries ¢ ¢, and as the induced currents
in the secondaries are opposed in direction
to and inductively counteract the currents
in the primaries the self-induction in the
primaries is minimized and a large current
is permitted to flow through the motor-coils.
The motor is, however, in no danger of being
destroyed by excessive current flow there-
through, as would be the case with a trans-
former if its secondary were short-circuited,
because when running all the coils are when
in these positions subject to translation in-
duction, and thus the current flow therein is
limited.

It will thus be seen that when the coils are
in the relative positions shown in Fig. 1, and
the self-induction is at its lowest, as above
explained, then the translation induction in
all the coils is at its highest, and the motor
depends almost entirely upon translation in-
duction for its counter electromotive force;
but when the coils are in the relative posi-
tions shown in Fig. 1* there is no translation
induction in the primary coils and the motor
depends altogether upon self-induction for
its counter electromotive force. It is there-
fore obvious that while the motor is being
started its counter electromotive force is
small and inadequate, because its coils are
then not subject to the full amount of trans-
lationinduction andits normal self-induction
alone is adequate only in the commutating
positions of its coils. It is therefore desir-
able to temporarily increase the self-indue-
tion of the motor until partial or full speed
has been reached and translation induction
becomes available and adequate to limit the
cwrrent flow.  To attain this result the pii-
mary circuit only is closed while starting by
moving the switches jand % until switch j
closes against the extended contact-point 7,
the secondary circuit being left open until
partial or full speed has been reached. In
this condition the motor has sufficiently aug-
mented self-induction, due to the fact that
the secondary coils are inoperative by reason
of being open-circuited and the consequent
absence of secondary currents therein, to pre-
vent destructive current flow therethrough.
Its torque is, however, directly proportional
to the current flowing, as is the case in a di-

rect-current series motor, and several times

the normal load can be started with the pri-
mary coils alone.

‘When partial or fullspeed has been reached
and translation induection becomes available
and adequate for limiting the current-flow
through the coils, then the secondary circuit
is closed by moving the switches j and & until
switch % eontacts with switch-terminal %',

‘When the motor is intended to run in one
direction only its coils are wound for mini-
mum self-induction, as shown in Fig. 1°,which
is a diagram of a portion of the fixed magnetic
system ¢ and the movable magnetic system d
developed. InTFig.1?the cross-hatched spaces
z z and black spaces v y show the form of

-cross-section and the angular area of those

portions of the motor-coils which are wound
through the air-gap.

It will be seen that the non-commutable
coils O b and ¢ ¢ are wound thickest at their
front portions in the direction of arrow p,and
the commutable coils e ¢ and f f are wound
thickest at their back portions. Therefore
the centers of mass of coils b b and ¢ ¢ are
situated forward in advance of their geometri-
cal centers and the centers of mass of coils
e e and f f are situated backward from their
geometrical centers. It will thusbe seen that
any two co-operating primary coils b b andee
have their centers of mass farther removed
from each other than have the two correspond-
ing secondary coils ¢ ¢ and f f.

It is a well-known fact that the ampére
turns in the secondary coils of any inductive
apparatus are nearly equal to those of the
primary coils. It follows, therefore, that if
the centers of mass of the secondary coils are
placed closertogether than the centers of mass
of the primary coils, as is the case in Fig. 1°,
and the magnetic fluxes n n are prevented
from threading through all the turns of the
coils by adjacent and opposing fluxes, then
the secondary coils, although having a less
number of ampére turns than the primary
coils, but being more advantageously placed
relatively to the magnetic fluxes, are nearly
as effective as the primary coils, and thus the
self-induction of the motor is greatly reduced.
This method of winding can also be applied
to Fig. 2, but in Fig. 3 can only be applied to
the non-commutable coils, because the com-
mutable coils do not move as a whole with re-
lation to the non-commutable coils, but are
progressively commutated by sections, as in
direct-current machines.

‘When themotor is ranning at synchronism,
its several sets of commutable coils are suc-
cessively and alternately placed in the pri-
mary and secondary circuit synchronously
with the current alternations, the sets of coils
being commutated each time the current-
wavereachesitszero-point. It follows, there-
fore, that a slower speed is obtained than has
heretofore been realized with synchronizing
motors.

‘When running at synchronism with a fre-
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quency of eight thousand per minute, a six-
pole motor having twelve commutable coils
in two sets, as shown in Tig. 1, makes thir-
teen hundred and thirty-three and one-third
turns per minute. The motor tends very
strongly to maintain synchronism, and must
be very much overloaded before it falls out
of synchronism, which it immediately regains
when the overload is reduced.

The motor can be run at variable speed by
placing a variable inductive resistance in the
primary civeuit, thus supplying a portion of
the counter electromotive force, which before
had to be generated in the motor-coils, and
thus permitting & reduced speed of the motor.

The motor can be reversed by reversing the
circuit connections of either the non-commut-
able coils or the commutable coils.

In Trig. 2 all the coils are shown as drum-
wound coils. Each coil consists of a single
lap or crossing in the air-gap. The movable
magnetic system ¢ has four sets of coils. The
two sets e eand ¢ ¢ are for the time being in
the primary circuit, and sets f fand f' /' are
in the secondary circuit. The commutator
g has twenty-four segments connected in
eight groups of threein each group. Thesev-
eral brushes each contact with two segments
of the commutator, thus placing the twosets
of commutable primary coils in parallel cir-
cuitrelation with each otherand in series with
thenon-commutable primary coils. Likewise
the two sets of commutable secondary coils
are in parallel civeuit relation with each other
and in series with the non-commutable sec-
ondary coils. It is obvious that at the mo-
ment of commutation but one set of primary
and one set of secondary coils is commutated,
the other set remaining in circuit. It fol-
lows from this that the circuit through the
motor is never interrupted, as is the case in
Tig. 1. This motoris therefore well adapted
to be run at varviable speed, because its de-
mand on the supply-circuit is under these
conditions more uniform than that of Fig. L.

On a circuit having a current frequency of
eight thousand per minute this motor will
malke six hundred and sixty-six and two-
thirds turns per minute. To run this motor
at variable speed an inductive resistance in
the primary circuit must beused. Otherwise
the motor tends very strongly to maintain
synchronism.

It is obvious that if a still greater number
of coils is placed on the movable magnetic
system a still slower synchronizing speed can
be obtained

In Fig. 3 the fixed magnetic system a is
shown wound with drum-wound coils b b and
¢ ¢ having each a single lap or erossing in the
air-gap. The movable magnetic system is
wound with a closed-ecireuit-ring winding.
The commutator ¢ is cross-connected, as
shown by lines ¢ 7, thus requiring but a single
pair of brushes 7 and 7'. The brushes/ and

I each cover an angle of the commutator
equal to the secondary coils or sections, and

are adapted to individually short-civcuit the
commutable coils or sections to form second-
aries, and they also form primary circuit-ter-
minalsfor the movable magnetic system. The
field secondaries ave short-circuited on them-
selves, as shown at .

Tn this motor the self-induction is constant
and quite small, because the commutable
primaries do not as a whole move into align-
mentwith the con-commutable primaries, but
are progressively commutated by sections as
in direct-currentmachines. Themotor there-
fore depends almost entirely upon transla-
tion induetion for its counter electromotive
force.

This motor does not synchronize, but will
run at a nearly constant speed with variable
load, regulating similar to a shunt-wound
motor.

This motor is especially adapted for vari-
able-speed work if a variable inductive re-
gistance is placed in the primary circuit.

To start the motor it is necessary to use an
inductive resistance w in the primary cireuit,
as otherwise the current flow would be too
large, and the torque, which is directly pro-
portional to the current, whether at rest or
in motion, would be so great as to endanger
the motor itself or the machinery with which
itis connected. Withsmall motors, however,
having littleinertia, and being therefore able
to accelerate quickly in speed, the inductive
resistance u may be dispensed with.

‘Having described my invention in detail, I
will now briefly summarize its principal fea-
tures and point out their advantages.

In practice the magnetic fluxes n n fill or
permeate, when the coils are in their greatest
torque positions, as shown in Figs. 1,2, and 3,
the entire circumference of the air-gap, thus
both threading through and cutting across the
primary and secondary coils, and therefore
rendering every turn of wire on the motor
active both in the production of magnetic
fluxes n 1 and in the production of rotary ef-
fort or torque, the primary eoils directly pro-
duecing fluxes n 22, and producing torque by
reason of their attraction for each other, and
the secondary coils, by reason of the contrary
direction of currents therein, lowering the
sclf-induction in the primary coils and thus
permitting an increased current flow there-
through, and so conducing to the production
of fluxes n n, and also produeing torque, by
reason of their repulsion for the magnetic
fluxes 7 n. The magnetic fluxes n ., being
circular in form, are of the shortest possible
length, and therefore require for their produe-
tion the fewest possible ampére turns, thus
obtaining the lowest possible self-induction
and consuming theleast possible magnetizing
energy.

As the motor is adapted to work with a sin-
gle current, and as all its primary coils can
be placed in a single series, motors of quite
small size can be directly connected to high-
pressure mains, and pressure-reducing trans-
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formers can be dispensed with,thusenhancing
the efficiency of power transmission by the
amount otherwise lost in the transformers,
as well as saving the first cost and mainte-
nance of transformers.

As the torque is directly proportional to the
current flowing through the motor, whether
the same is at rest or in motion, therefore the
motor is self-starting from a state of rest with
several times its normal load, and has a high
clectrical efficiency under all operative con-
ditions.

As the self-induction of the motor is very
small,owing toshort-length magnetic circuits,
the entire absence of magnetic leakage, and
the consequent small number of ampére turns
necessary to generate the magnetic fluxes, as
well as to the induetive action between the
parallel-disposed primary and secondary
coils, thevefore it is wel ladapted to be oper-
ated with higher current frequencies than
have heretofore been used, and the output
or weight efficiency is therefore very high.

Having now specifically deseribed my in-
vention, I desire to state that many modifica-
tions thereof are possible without departing
from the spirit or essential prineciple of the
invention, which consists in the employment
of fixed and movable non-commutable and
commutable primary and secondary coilshav-
ing their active or torque-producing portions
wound in parallel direction with each other
and the method of and means for maintain-
ing the commutable coils in torque-producing
circuit relation with the non-commutable
coils.

In the drawings and specification herewith
I have shown and described what I believe to
be the best organization of the elements of
my invention, viz: a circular fixed magnetic
system ¢ without pole-pieces, wound with
coils, and a movable magnetic system d, also
of circular form and wound with coils, all of
said coils being arranged where they pass
through the air-gap at right angles both to
the direction of rotation and to the direction
of flow of the magnetic fluxes. It must be
understood, however, that my invention can
also be used with other magnetic structures.

What I therefore claim as my invention,
and desire to secure by Letters Patent, is—

1. In an alternating current motor, a fixed
magnetic system and a movable magnetic
system, both having circularly arranged pri-
mary elements, and both also having cireu-
lavly arranged secondary elements, a portion
of said total number of elements being com-
mutable, and a commutator for maintaining
the commutable elements in effective or
torque producing circuit relation with the
non commutable elements, as set forth.

2. In an alternating current motor, a fixed
magnetic system and & movable magnetic
system, both having circularly arranged pri-
mary elements, and both also having circu-
larly arranged secondary elements, one half

of said total number of elements being com-
mutable, and a commutator for maintaining
the commutable elements in effective or
torque producing circunit relation with the
non commutable elements, as set forth.

In an alternating current motor, a fixed
maonetlc system wound with wire having
those of its portions which pass through the
air gap disposed at substantially right aHOlek
both to the direction of rotation zmd to the
direction of flow of the magnetic fluxes, and
a movable magnetic system wound with wire
having its air gap portions disposed in paral-
lel direction with and in inductive rélation to

the air gap portions of said wire on said fixed-

magnetic system, alternate coils or sections
of said wire on both the fixed and movable
magnetic systemsbeingplaced in the primary
clrcult and the al’fern&te coils or sections be-
tween szud primaries on both the fixed and
movable magnetic systems being placed in
the secondary circuit, the coils on one of said
systems being commutable, and a commuta-
tor whereby the commutable coils are main-
tained in effective or torque producing cir-
cuit relation with the non-commutable coils,
as set forth.

4, In an alternating current motor, a cir-
cular fixed magnetic system without pole
pieces, and wound with equally spaced and
angularly displaced primary and secondary
coils alternating with each other, and having
their air gap pomlons disposed at substan-
tially right angles to the direction of rotation
and to the direction of magnetic flow,in com-
bination with a movable magnetic system
wound with two or more sets of independent
and angularly displaced sets of commutable
coils, as set forth.

5. In an alternating current motor, a mov-
able magnetic system Wonnd with two or more
1ndependent sets of commutable ecoils, said
sets of coils being angularly displaced from

each other, and a commutator for placing said
sets of coils in the primary circuit during
positions of attraction, and in the secondary
cireuit during positions of repulsion, as set
forth.

6. In an alternating current motor, a fixed
magnetic system and a movable maonetlc Sys-
tem one of said systems being Wound with
non commutable coils having thelr air gap
portions disposed atsubstantially right angles
to the direction of rotation, and the other

magnetic system being wound with commut-
able coils having thew air gap portions dis-
posed in parallel direction with and in in-
ductive relation to the air gap portions of said
non commutable coils on said other magnetic
system, and a commutator for placing said
commutable coils in the primary circuit dur-
ing positions of attraetion, and in the second-
ary circuit during positions of 1'epulsion, as
set forth.

In an alternating current motor, a ﬁ\ed
magnetlc system and a movable magnetic sys-
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tem, one of said systems being wound with
non commutable coils having their air gap
portionsdisposed at substantially rightangles
to the direction of rotation, and the other
gystem being wound with two or more angu-
larly displaced setsof commutable coils hav-
ing their air gap portions disposed in paral-
lel direction with and in inductive relation
to the air gap portions of said non-commut-
able coils on said othermagnetic system, and
a commutator for placing said sets of com-
mutable coils in the primary cireuit in those
positions of each revolution where their self
induction is least, and theirattractive torque
is greatest, and to take them out of the pri-
mary circuit in those positions where their

. self induction is greatest, and their torqueis
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wil, as set foith.

8. In an alternating current motor, a fixed
magnetic system and amovable magneticsys-
tem, one of said systems being wound with
angularly displaced non commutable primary
and secondary coils having their air gap por-
tions disposed at substantially right angles
to the direction of rotation, and the othersys-
tem being wound with commutable coils hav-
ing their air gap portions disposed in parallel
direction with and in inductive relation to
the air gap portions of said non commutable
coils on said other magnetic system, and a
commutator for placing said commutable coils
in the primary circuit during positions of at-
traction, and in the secondary circuit during
positions of repulsion, as set forth.

9. In an alternating current motor, a fixed
magneticsystem and a movable magneticsys-
tem, one of said systems being wound with
angularly displaced non commutable primary
and secondary coils having their air gap por-
tions disposed at substantially right angles
to the direction of rotation, and the other
system Dbeing wound with two or more angu-
larly displaced sets of commutable coils hav-
ing their air gap portions disposed in parallel
direction with and in inductive relation to
the air gap portions of said non commutable
coils on said other magnetic system, and a
commutator for placing said sets of commut-
able coils in the primary circuit in those po-
sitions of each revolution where their selfin-
duection is least, and their attractive torque
is greatest, and to take them out of the pri-
mary circuit in those positions of each revo-

lution where their self induction is greatest
and their torque is nl, as set forth.

10. Inan alternating current motor, afixed
magneticsystem and a movable magnetic sys-
tem, one of said systems being wound with
angularly displaced non commutable primary
and secondary coils having their air gap por-
tions disposed at substantially right angles to
the direction of rotation, and the other mag-
netic system being wound with two or more
angularly displaced sets of commutable coils
having their air gap portions disposed in par-
allel direction with and in inductive relation
to the air gap portions of said non commut-
able coils on said other magnetic system, and
a commutator for placing said sets of com-
mutable coils in the secondary circuit in those
positions of each revolution where their self
induection and repelling torque are greatest,
and to take them out of the secondary circuit
in those positions where their self induction
and torque are nel, as set forth.

11. In a synchronizing alternating current
motor, a movable magnetic system wound
with two or more sets of commutable coils
angularly displaced from each other, and a
commutator for successively and alternately
placing said sets of coils in the primary and
secondary circuit synchronously with the cur-
rent alternations, as set forth. :

12. In analternating current motor, a fixed
magnetic system wound with coils whose cen-
ters of mass arve displaced forward in the di-
rection of rotation from their geometrical cen-
ters, as set forth.

13. In an alternating currentimotor, a mov-
able magnetic system wound with coils whose
centers of mass are displaced inversely tothe
direction of rotation from their geometrical
centers, as set forth.

14. In alternating current motor, the com-
bination with a fixed and a movable magnetic
system, each of said magneticsystems having
both primary and secondary coils thercon, of
means for closing the circuit through said
primary coils only while starting, and render-
ing the secondary coilsinoperative until par-
tial or full speed has Dheen reached, as set
forth.

ALBERT W. SMITIL

Witnesses:

H. N. JENKINS,
II. S. WETMORE.
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