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TRANSMISSION OF POW ER.

THE MULTIPHASE OR POLYPHASE SYSTEM.

Tesla Patents.

There are to- day thousands of waterfalls with m illions 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 beequ ivalent 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 su it

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 distri bution of power

and for heating. The wide extent of its successful application to
lighting, and the distribution of power are fam iliar to every one

,
and

its utilization in heating bids fair to make this method a form idable
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 c ities

within a suitable radius
,
but itmay be safely predicted thattherewill

be a rapid building up of industries in such localities, and a couse

quent shifting of centers of population,
with also a development of

industries which have heretofore lain dormant on account of the

cost of power.

W hen the W estinghouseElectric 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 theGaulard and Gibbs inventions

,

and many other fundamental ones bearing on this important field,

which field had theretofore been considered unworthy of more than



experimental attention. Prior to our operations the alternating

system had been emphatically condemned as uncommercial by the

most eminent eng ineers of the world
,
almost without exception ;

but
,
in the face of unusual opposition,

we su cceeded in rapidly

introducing a comprehensive system for lighting ,
which not only

proved a success ful competitor of other systems , butby itsflexibility
and adaptation to great distances , has opened up and developed

extensive fields which could not otherwise have beenoccupied. 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 sufiect of power

transmission we came upon the inventions of Mr. N ikolaTesla, now
so well known for his remarkable achievements

,
and recognizing

the value and originality of h is discoveries
,
and the fundamental

character of his patents, at once secured the exclusive right to
manufacture and sell apparatus c overed by these patents, wi th a

right to any further inventions Mr. Tesla m ight make relating

thereto. W e thereupon immed iately began to develop and determ ine
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 Multiphase or PolyphaseSystem ,
which is the original

di scovery of Mr.Tesla
,
and is so fully covered by h is 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

pres ented 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 transm itting apparatus.

W ESTINGHOUSE ELECTRIC Manuracruame 00.

Pittsburgh, Pa.
,
January l6th ,

1893.
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UN ITED STATES PATENT OFFICE.
fi

auroraTESLA, or new roux, N.Y., assmxoa or onenanr TO CHARLES
r. PECK, or snotewoon, new JERSEY.

ELECTRO -MAGNETIC MOTOR.

M ON ICATIOR forming part of bottomPatent l o. dated May 1, 1 288 .

Applicationllod October ll.rm . SerialRau l” . (Nomodel.)

Be it known that I, N ixon Tu na, from
SmiljanLike, border country ofAustria-Huc

gary, resid ing .“ New York, N. Y., have in

5 vented certain newand useful Improvements
inElectro -Magnetic Motors, ofwh ich the fol
lowing is aspec ification, reference being bad
to the drawings accompany ing and forming a

part of the same.

to The practicalsolutionof theproblemof the
electric al conversion and transmissionof me
chanical energy involves certainrequirements
wh ich the apparatus and systems heretofore
employed have notbeen capable of fulfillin

85 Such a solution, primarily, demands a nu
formity of speed in the motor irrespective of
its load with in itsnormalworking limits. On
the other hand, it is necessary, to attaina

gmatcr economy of conversion thanhas here
10 tofore existed, to construct cheaper and more

reliableand simpleapparatus, and, lastly, the
apparatus must be capable of easy manage
ment, and such thatall danger fromtheuseof
currents of h igh tension, wh ich are neces

35 sary to an economical transmission, may be
avoided.

l y present invention is d irected tothepre
ductiou and improvement of apparatus capa
bleof morenearlymeeting these uirementa

30 thanthose heretoforeavailable, an though I
havedescribed various metros forthepurp

ose,
they involvethesamemainprinciplu o con

structionand modeofoperation,wh ich may be
described as follows: Amotor is employed in

35 which therearetwo ormore independent cir
cuits th rough wh ich alternate currents are

pu ed at pwper iutervals,inthemaunerhero
inalter described, for thepurposeof effecting
aprogrw ivc sh ifting of themagnetism or of

to the
“Jines of force” in accordance with the

well-known theory and,

a consequentaction
of the motor. It obvious that a proper

rop
'enivesh ining of the lines of force may

heuti lized to set up a movement or rotation

45 of either elementof themotor, thearmature,
or the deid -magnet, and that if the currents

directed through the several ci rcuits clothe

motorare intheproper directionno commu
themotor will be required; but to

so avoidalltheusual ccmmutatiug appliances in

thesystem I prefer to connect the motor-cir
cuits directly with those of a suitable alter
nate-currentgenerator. Thepracticalresults
of such asystem, its economical advantages,
and themode of its construction and opera 55
tiou will be described more in detail by ref
erence to the accompanying diagrams and
drawings.

F igures 1 to8and l
“to inclusive,ared ia

grams i llustrating the principle of theaction 6c
of my invention. The remaining figures are
views of the apparatus in various forms by
means of wh ich the inventionma be carried
into elect, and wh ich will be ascribed in
their order.
Referring firstto F ig. 9,wh ich isadiagram

matic representationof amotor, agenerator,
and connecting

-circuits inaccordancewith my
invention, M is the motor, and G the gener
ator for driving it. The motor comprises a 70
ring or annulus, ll, preferably built up of
th in insulated ironrings orannular plates, so
as to be“susceptibleaspossibleto variations
in its magnetic condition. Th is ring is sur
rounded by four coils of insulated wire sym 75
metrically placed,and designated by COO’O

'

.

Thediametrically-oppositecoilsareconnected
up so as to co operate in pairs inproducing
free les on diametrically-opposite parts of
ther ng. Thefour freeends thus leftarecon .ao
nected to terminals TTT’ T', as indicated.
Near thering,andpreferably insideof it,there
is mounted onanaxis or shaft, «3, amagnetic
disk, D, generally circular inshape, buthav
ing two sag-ens cutaway, as shown. Th is 83
disk is mounted soas to turnfreelywithinthe
ring R. Thegenerator G is of any ordinary
type, thatshown inthepresent instancehav
ing neld-magnets N 8 and a cylindricalarma
ture-core,A wound with thetwo coils BB'. 90
The freeon of each collars carried th ro h
theshame'and connected, respectively, to n
sainted contact-rings b b V b

’

. Any conven
ient form of collector or brush bears oneach
ring and forms a terminal by which the can 9;
rent to and from aring is conveyed. These
terminals are connected to the terminals of
themotor by thewires Land L

'
in theman

ner indicated, whereby two completecircuits
formed—one including,my, thecellsBof i on





the generator C
’

C
’

of themotor,and theother
theremaining coilsB

'
and C Cofthegenerator

and themotor.

It remains now to explain themode of ep
5 erationof th is system.and for th is purpose I

refer to thediagrams, F igs. 1 to 8, and 1
‘
to

foranillustrationofthevariousphases through

wh ich the coils of thegenerator pass when in
operation, and the corresponding and result

0 antmagnetic changes produced in themotor.
The revolutionof thearmature of the gener
’

ator between the field -magnets N Sobviously
produces inthecoilsBB’

alternating currents,
the intensity and direction of wh ich depend

5 ripenwell-knownlaws. Inthepositionof the

coils indicated in F ig. 1 the current in the

coil B is practically nil, whereas the coilB’at
thesametime is developing itsmaximumcur
rent, and by the means indicated in thede

ao scriptionof F ig, 9 the c ircuit includin th is

coilB’ may also include, say, the coi ls O of

themotor,Fig. 1
' Theresult,with theproper

connections, would be the magnetization of

the
'

ring R
’

, the poles being on the lineN S.

35 Thesame order of connections being observed
between the coilB and thecoilsC', the latter,
when traversed by a current, tend to fix the

p
oles at rightanglesto thelineN Sof Fig.
t results, therefore, that when thegenerator

30 coils have made oneeighth of a revolution,
reach ing the position shown in Fig. 2, both

pairs of coils C and C
’

will be traversed by
currents and act in opposition, inso far as the
locationof thepoles 18 concerned. Thepost

35 tionof the poles wi ll therefore be the result

antof themagnetizing forces of thecoils: that
is to say, itwill advance along the ring to a

position corresponding to one-eighth of the

revolution of the armatureof thegenerator.

p In Fig. 3 the armature of the generator has

progressed to one quarter of arevolution; At
thepoint indicated the current in the coil B
is maximum,

while inB’
it is ail, the latter

coil being in its neutral position. The poles
gs of the ring R in F ig. 3‘ will, inconsequence,
be sh ined to a positionninety degrees from
thatat the start, as shown. I have in like

manner shownthe conditions existing at each
successiveeighth of one revolution in the re

5° mainiugfi gures. Ashortreference to these
figureswillsnfiiceforanunderstandingof their
significance. F igs. 4 and 4

‘ illustrate thecon
ditions wh ich existwhen thegenerator-arma
ture has completed threeeighths of arevolu

55 tiou. Hereboth coilsaregenerating current;
but thecoll-B’, having new entered theeppo

sitefield, is generating a current intheoppo

sitedirection, having the oppositemagnetic
ing efi

'

ect° hence the resultant polewill beon

theiineN8, as shown. InFig. 5 one
-half of

one revolutionof thearmature of the gener

ater
'

has been completed, and the. resulting
magnetic conditionof thering isshowninF ig.

Inth is phasecoilB is in the neutral posi
5 5 tiou wh ile coil B

’
is generating its max imum

current, wh ich is in thesame d irection as in

Fig. 4. Thepoles will consequently besh ifted

through onehalf of the ring. InFig. 6 thear
mature hascompleted five-eighths of arevolu

ties. Inth is positioncoil B
'

develops a less 70

powerful current, but inthe samed irectionas
before. ThecoilB, on the other hand, having
entered afield of Opposite polarity, generates
acurrent of opposite d irection. The resultant
poleswill thereforebh in thelineNS, F ig. 75
or, in other words, the poles of the ring will

be sh ifted along nve-eighths of its periphery.

Figs. 7 and 7
“ in the same manner i llustrate

the phases of the generator and ring at th ree

qnarters of a revolution, and F igs. 8 and 8
‘
80

the same at seven-eighths of a revolution of

the generator
-armature. These figures will

be read ily understood from the foregoing.

W hena complete revolution isaccomplished,
the conditions existing at the startare re-es 85
tablished and the sameaction is repeated for

thenextand allsubsequent revolutions, and.
ingeneral, itwillnow beseenthatevery revo

lution of the armature of the generator pro
duces a corresponding sh i fting of the poles or 90
lines of forcearound the ring. Th is effect I
utilise inproducing the rotation of a body or

armature in a variety of ways
—for example,

applying the principleabove described to the
apparatus shown in Fig. 9. The d isk D, ow 95
ing to its tendency to assumethat position in
wh ich it embrhces the greatest possible num
ber of the magnetic lines, is set in rotation,
following themotionof the lines or the points
of greatestattraction.

The disk D inF ig. 9 is shownas c ut away
on Oppositesides;but th is, Ihave found.isnot
essential to effecting its rotation, as aci rcular

disk, as indicated by dotted lines, is also set

inrotation. This phenomenon I attribute to 10 5
a certain inertiaor resistance inherent in the

metal to the rapid sh i fting of thelinesof force
th rough thesame, wh ich results ina continu

ous tangential pull upon the disk, causing its
rotation. This seems to be confirmed by the n o

fact that acircular disk of steel is morean
'

cot

ively rotated than oneof soft i ron, for therea

son that the former is assumed to possess a

greater resistance to the sh ifting of the mag
netielines.
In illustrationof other forms of my inven

tion, I shallnow describetheremaining figures
of the drawings.
Fig. 10 isaview lll elevationand part ver

tical
‘

sectionof amotor. F ig. 12 is atap view l 2o

of thesamewith the field insectionand adia

gram of connections
.
F ig. 11 is an end or

side viewof agenerator with the fields insec

tion. This form ofmotormay beused inplace
of that shown above. D is acylindrical or 12 5
drum-armature core, which, for obvious rea

sons, should besplitupas far as practicable to

prevent the circulationwith in it of currents

of induction. The core is wound long itud i

nallywith two coils, EandE
'

, theendsof wh ich l 30

are res pectively connected to insulated con

tact- riu s d d d
’

d
’

, carried by theshaft a, upon
wh ich t to armature is mounted. Thearms
ture is set to revolve with inan ironshell,B





wh ich constitutes the field-magnet, or other

elementof themotor. Th isshellis preferably
fi rmed with aslot or opening, r, but it may
be continuous, as shown by the dotted lines,
5 and inth isevent it ispreferablymadeOf steel.
It is also des irable that th is shell should be
divided up similarly to thearmatureand for
similar reasons. As a generator for driving
th is motor I may usethe device shown inF ig.

o 11. Th is represents anannularor ring arma
ture,A, surrounded by four coils, F F F

’
F
’

,of

wh ich those diametrically Opposite are con

b eeted inseries, so that four freeends are left,
wh ich are connected to the insulated contact

r ings b b b
’

b
'
. The ring is suitably mounted

on a shaft, a
’

,
between the poles N S. The

contact- rings of each pair Of generator
-coils

are connected to these of the motor, respect

i vely, by means Of contact-brushes and the

0 two pairs of conductorsLLand L
’ L', as in

d icated diagrammatically inFig. 12 . Now it

is obvious from a considerationOf the preced

ing figures that the rotationOf thegenerator

ring producescurrents inthecoilsF F
’

,
wh ich,

5 being transmitted to themotor-coils, impartto

thecoreOf thelattermagneticpoles constantly
sh i fting or wh irling around the core. This
efi

'

ect sets up a rotationof the armature ow
ing to the attractive force between the shell

and the poles of thearmature, but inasmuch

as the coils in th is case move relative to the

shell or field - magnet the movement
'

of the

coils is inthe Opposite directionto the pro

greasive sh ifting of the poles.

35 Other arrangementsof the coilsof both gen
erator and motor are possible, and agreater
numberof circuitsmaybeused, aswill beseen
inthe two succeeding figures.

Fig. 13 is a diagrammatic illustrationof a

40 motor and a generator constructed and con~

nested inaccordancewith my invention. F ig.

14 is an end view of the gener ator with its

field-magnets insection. The field of themo
torM isproduced by sixmagnetic poles,G

’

G
'

,

45 secured to or projecting from a ring or frame,
H. Thesemagnets or poles are wound with
insulated coils, those diametrically Opposite
to each other being connected inpairsso as to

rodnos Opposite poles in each pair. This
reeves six freeends, wh ich are connected to

the terminals-TTT'T'T"T”
. Thearmature,

which is mounted to rotate
’

betweenthepoles,
is a cylinder or d isk, D, of wrought

- i ron
,

nrounted on the shaft a. Two segments of

55 thesameare cut away, as shown. The gen
erator for th is motor has in th is instan

an armature, A, wound with three coils,
K

’

K
"
, at sixty degrees apart. Theends

these coils are connected, respectively, to i
60 sulated contact- rings e e e

’

e
’
.e
"
e
"
. These

rings are connected to those Of the motor
'

ia

proper order by means of collecting
-brushes

and six wi res, form ing th ree independent cir

cuits. Thevariations in the strength and di
65 .rection of the currents transmitted th rou

i
h

these circuits and traversing the coils of t e

motor produceasteadily
-

progressive sh itting

Of the resultant attractive force exerted by
thepoles G

’

upon thearmatureD, and conse

quently keep the armature rapidly rotating. 70

The
'

peculiar advantageof th is disposition is

inObtainin amore concentrated and power
ful field. heapplicationOf th is principleto

systems involving multiple circuits generally
willbe understood from this apparatus.
Referring, now, to Figs. 15 and 16

, Fig. 15

is adiagrammatic representationof amodifi
fied d ispositionOf my invention. F ig. 16 isa

horizontal cross sectionOf themotor. Inth is
caseadisk, D, Of magnetic metal, preferably 80

cutaway at opposite edges, as shown in dot
ted lines in Fig. 15 , is mounted so as to turn
freely insidetwostationary coils,N

'
N placed

at rightangles to oneanother. The coils are
preferably wound ona frame, 0, of insulating 85
material, and their ends are connected to the
fixed terminalsTTT’T'. Thegenerator 0 is
a representative of that class of alternating
currentmach ines inwh ich astatiouary indnced
element isemployed. That shown consists Of 90
a revolving permanent or electro magnet, A,

and four independent stationary magnets, P
P’

,
wound with coils, those diametrically 0p

°

posits to each other being connected inseries
and having their ends secured to the termi 95
nals t t t

’

t
'
. F rom these terminals the cur

rents are led to the terminals of the motor
, as

shown inthe drawings.
’

Themode of Opera
tion is substantially thesameas intheprevi .

ous cases, the currents traversing the coils of ( 00

themotor having theefi
‘

eet to turn the disk

D . This modeof carrying out the invention
has theadvantageof dispensing with the slid
ing contacts in thesystem.

Inthe forms of motor above descri bed only tos
oneof theelements, thearmatureor the field
magnet, is provided with energizing

-coils. It
remains, then, to show how both elementsmay
bewound.with coils. Reference is therefore
had to F igs. 17, 18, and 19. Fig. 17 is anend no

view Of such a motor. Fig. 18 is a similar
view of the generator with thefield

-magnets
insection, and F ig. 19 isadiagram of thecir
suit-connections. InFig. 17 the field -magnet
of themotor consists ofaring, R, preferably of r 5
th in insulated ironsheets or bandswith eight

polepieces, G
'

,and corres ponding recesses, in
wh ich four pairs of coils, V , arewound. The
diametrically opposite pairs Of coils are con~

useted inseriesand the freeends connected to ( 20

four terminals, to, the rule to be followed in
connecting being thesameas hereinbeforeex

plained. Anarmature,D,with twocoils, EE
’

,

at rightangles to each other, ismounted to ro
t-ate insideof thefield -magnetR. Theends of ( 2 5
thearmature-coilsare connected to two pai rs
of contact- rings, d d d

'

d
'

, F ig. 19. Thegener
ator for th is motormay beOf any suitablekind
to producecurrents of the desi red character.
Inthepresent instance it consists Of afield 130
magnet, N S, and an armature, A, with two
coilsat rightangles, theendsof wh ich arecon
useted to four contact-rings, b b b

’
b
’

, carrief
by its shaft. The circuit-connections are cl





tablished Mtwceu the-

rings onthe aerator

shaftand thoseonthemotor'shatt y collect
ing bmsha andwires,aspreviouslyexplained.
Inorder to properly energizetheneid -magnet

5 of the motor, however, the connections are so
madewith thearmaturecoils orwires leading
thereto thatwh ile the points of greatest at
tractionor greatest density of magnetic lines
of force upon thearmaturearesh ined inone

to d irectionthoseuponthenold -magnetaremade
to progress inanopposite d irection. Inother
respects theOperation is identically the same
as in.the other cases cited. Th isarrangement
results inan increased speed of rotation. In

I; Figs. 17 and 19, for example, the terminalsOf

each set of neid -coils are connected with the
wires to the two armature-coils in such way
that thedeid -coilswillmaintainoppositepoles
inadvanceof thepoles of thearmature.

so Inthedrawings thefield
-coilsare inshunts

to thearmature, but they may be in
‘

series or

in independent circuits.

It is obvious that thesame principlemay be
applied to thevarious typical forms Of motor

35 hereinbeforedescribed.
Having now described thenature of m ia

ventionand someOf thevariousways inw ich

it is or may be carried intoeffect, Iwould call
attentiqnto certain characteristics which the

30 applications of the invention possess and the

advantages wh ich the inventionsecures.
In my motor, considering

for convenience

that represented inF ig. 9, t
'

will be Observed
that since the disk D has atendency to follow

35 continuously thepointsOf greatestattraction,
and since thesepoints are sh ified around the

rln Once for each revolution of thearmature
of egenerator, it follows that themovement
of the disk D will besynchronouswith thatof

4c the armature A. Th is feature by
'

practical

demonstrations I have found to exist in all

other forms inwh ich one revolutionof the

armatureof thegenerator produces ashifting
of the poles of the motor through three h un

45 ti red and sixty degrees.

Intheparticular constructionshowninF ig.

15,0r inothers constructed ona similar plan,
thenumber of alternating impulses resulting
from one revolution Of the generator arma

50 ture is double as compared with thepreced

i cases, and thepolarities inthemotor are
sh fled around twice by one revolutionof the

generator
-armature. Thespeed of the

'

motor

will, therefore, betwice that of thegenerator.

55 Thesame result is evidently Obtained by such
adispositionas that shown inF ig. 17, where

the poles of both elements are sh ifted inOp

pdsite directions

Again, consideriug theapparatus illustrated
60 by Fig. 9 as typical of the invention, it is oh

vious that since theattractiveeffect uponthe

disk D is greatest when the disk is in i ts

prOper relative position to the poles devel

oped -inthe
‘

r ing R
—that is to say, when its

65 ends or poles immediately follow thoseof the

rl —thespeed of the motor for allthe loads
wfiin thenormalworking limits of themo

torwill bepractically constant. It is clearly
apparentthat thespeed cannever exceed the
arbitrary limit as determined by the gener 70
ator, and also that with in certain limits at
least thespeed Of themotor willbe independ
ent of the strength of the current.
It will now bemore read ily seen from the

abovedescriptionhow far therequirementsof
apractical system of electrical transmis ion
of power are realized inmy invention. I as
cure, first, a uniform speed under all loads
with inthenormal working limits of themo
tor withouttheuseOfany auxiliary regulator; 80
second, synch ronism betweenthe motor and

generator; th ird, greater efficiency by the
more d irect application of the current, no
commutating devicesbeing required oneither
themotor orgenerator fourth, cheapnessand

simplicity of mechanical construction and

economy inmaintenance; fifth, thecapability
of being very easily managed or controlled;
and,sixth ,diminutionofdanger from injury to
persons and apparatus. 90
Thesemotorsmay berun inseries, multiple

are or multiple series, under conditions well
understood by thoseskilled intheart.
The means or devices for carrying out the

principle may bevaried to a far greater ex

tent than I have beenableto indicate; but I

w ard as with inmy invention,and I desireto
secure by Letters Patent in general, motors
containing two or more independent circuits
through which the Operating-currents are led
inthemanner described. By independent

"
I do not meanto imply that the circuits are
necessarily isolated from one another, for in

some instances there might beelectrical con
nections betweenthem to regulateor modify
the

'

action of themotor without necemarily
producinganew ordifferentaction.

I am aware that the rotationof thearms
ture of a motor wound with two energizing
coils at right angles to each other has been

effected byan intermittent sh ining of theen
ergizing efiect of both coils through wh ich a
d irect current by means of mechanical de
vices has been transmitted inalternately-Op
positedirections; butth ismethodorplanI re

gard asabsolutely impracticable for the pur
poses for which my invention is designed

—at
len t on any extended scale

—for the reasons,
mainly, thata

'

greatwaste of energy is neces
sarily involved unless thenumber of energiz
ing

-circuits is very great, and that the inter

ruptionand reversal of acurrent of any con

siderable strength by means of any known
mechanicaldevices is amatter of thegreatest
difficulty and expense.
Inth isapplicationI do notclaimthemethod

of Operating motorswh ich is hereininvolved,
having made separat

e application for such

method.
I therefore claim the following
1. The combination, with amotor contain-1

ing separate or independent circuits on the

armatureor fieldvmagnctpor both ,of analter
nating

ocnrrent generator containing induced





circuits connected independently to corre

spondin circuits inthemotor,whereby s ro
tationo thegeneratorProducesaprogressivesh ifting of the poles o the motor, as herein

5 described.

2. In a system for theelectricaltransmis
sionof power, thecombinationof amotor pro
vided with two or more independentmagnet
izing-coils and analternating-currentgener

no atorcontaining induced coilscorresponding to
the motor-cells, and circuits connecting di
rectly the motor and generator coils insuch
order that thecurrents-developed by thegen
cratorwillbe passed through thecorrespond

15 ing motor
-coils

, and thereby produce a pro

gressive sh itting of the poles of themotor, as
hereinset forth.

3. The combination, with a motor having
anannular or ring

-shaped field
-magnetand a

so cyliz
drical

fi
)

:
equg

vta
le

lnitarmature,and indepen entco ont e e ~magnetorarmature,
or both , of an alternating -current generator

NIKOLATE LL
having correspondingly independent coils, W it-u ses
and circu its including thegenerator

-coils and Fu n E.HARTLEY,
2 5 corresponding motor coils insuch mannerthat FRANKB.MURPHY.

the rotation of the
g
enerator causes a pro

greniveshiftin of t e poles of themotor in

themanner set orth.
4. In a system for theelectrical transmis

sionof power,thecombinationof the follow 30

ing instrumentaliti to wit: a motor com

posed of a disk or ts uivalent mounted

withina ring or sah itler eld-magnet.wh ich
is provided with magnetizing

-coils connected

in diametrically-opposite pairs or groups to

independentterminals;agenerator having ln
duced coilsor groupsof coils equal innumber
to thepairs or groups of motor

-coils, and cir

cuits connectin the terminals of said coils to
the terminals 0 themotor, respectively, and 40
in such order that the rotationof thegener

ator and theconsequent productionof alter
nating currents in the respectivecircuits ro

ducesaprogressiveshifting of thepoles o the

motor, as hereinbeforedescribed
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To all wh om, i t nmy concern:

Be it known that I, N IKOLATessa, from
SmiljanLike, border country ofApetrih -Hun

gary ,now residing inNewYerk, in thecounty

5 and State of New York,have invented certain

new and useful improvements inElectro-Mag
netic Motors,of wh ich the following is aspec i
fication, reference being had to the drawings

accompanying and formingapartof thesame.
a Inan application filed by me October 12 ,
1887, No.252,l32, l haveshownand described

a novel form of electro-magnetic motor and a
mode of operating the same, wh ich may be

generally described as follows: The motor is
5 wound with cells forming independent ener

g izing
-c ircuits oneither thearmature or field

magnet,or both,(it isenllleient forpresentpur

poses to consider the case in wh ich the coils

are onthe armaturealone,) and thesecoilsare
a connected up with corresponding circuits on

analternating
-currentgenerator. As the re

sult of th is, currents of alternately
-opposite

d irectionaresentthrough theenergizin c oils
o f themotor insuch manner as to pr ucea

5 progressive sh itting or rotation of themag
netic poles of thearmature. This movement
of the poles of thearmature obviously tends

to rotate the armature intheopposite direc
tiontothat inwh ich themovementof thepoles

0 takes place, owing to the attractive force be.

tweensaid polesand thedeid -magnets,and the
speed of rotation increases from the start un

ti l it equals that of the generator, supposing
both motor and generator to bealike.

5 As thepoles of thearmature are sh ifted in
ad irectionoppositeto that inwh ich thearma
ture rotates,itwill beapparent thatwhen the
normals peed is attained the oles of the

armaturewillassumea fixed pos tionrelative
p to the field -magnet, and that in consequence
the field -magnets will be energized by mag
netic induction, exh ibiting twodistinct poles,
one in each of the pole

-

pieces. In starting
the motor, however, the s iced of the arma
ture being comparatively ow,the ole-

pieces
are subjected to rapid reversals o magnetic

polarity
"butas thespeed increases thanno

-
vcrsals become less and less f neat, and
finally ceasewhenthemovement

re

ohhearma
p turebecomesynchronouswith thatof the gen

I“

crator. Th isbeing the case,the deid -coresand

the pole
-

pieces of the motor becomeamag
net. but by inductiononly.

I have found that advantageous results are

secured by winding the field
-magnets with a 55

coil or coils and passing a continuous current

through them, thus maintaining apermanent
field,and in th is feature my present invention

consists.

I shallnow describe theapparatus wh ich I 60
havedevised for carryin out th is invention

and explain the mode 0 using or operating
thesame.
F igure 1 is anend v iew in elevation of my

improved motor. F i

lg
. 2 is a part horizontal 65

central section, and ig. 3 is a diagrammatic

representation of the motor and generator

combined and connected for operation.

LetAAinFig. 1 represent the legs orpole

pieces of a field -magnet, around wh ich are 70

coils B B, included in the circuit of a contin
uous-current generator, 0, wh ich is adapted

to impart magnetism to the said poles in thr

ord inary manner.D D'

are two independent coilswound upon 75
a suitable cylindrical or equivalentarmature
core, which , likeall others used inasimilar
manner, should be split ord ivided up intoai

ternatemagnetic and insulating parts in the
usual way. {Th is armature ismounted innon 80

magnetic cross
-bars E E, secured to the poles

of the deld -magnet. Theterminals of thear
mature-co ils D D’

are connected to insulated

slid ing contact-rings aa b b,carried by thear
e

matureshall, and brushes 0 c
’
bear uponthese 85

rings to convey to thecoils thecurrentswh ich
Operate the motor.
The generato r for Operating th is motor isor

may be of precisely identical construction
and forconvenienceof referenceIhavemarked 90
ip F ig. 3 its parts, as follows: F F, the field
magnets, energ ized by a continuous current

passin in its field-coilsG G; H H
'

, the coils

earri by the c liudrlcsl armature; d d ee,
the frictionor co leeting rings

h
earried by the 95

armature-shalt and forming t e terminals Of

the armature-coils; and f f the collecting
brushes which deli ver the currents developed
in thearmatur

'

s to the two circuits 9 g
'

,

\1 Erich conner-z generators with themotor. roo





TheOperationof this systemwill beunder
item the foregoing. The actionOf the

ratcr,hy
‘

causing aprogreu iveshitting of

epoles inthemotor
-armature,setsup inthe

atterarotationOpposite indirection to that
inwhich thepolesmove. If, now, the continu
ouscurrentbedirected through thefield coils,
soas tostronglyenergizethemagnetAA,tbe

Of themotor, wh ich depends uponthat

thegenerator,willnot beincreased, butthe

power which produces its rotationwill beia
creased iaproportion to theenergy supplied

through thecoilsBB.
It is characteristic of th ismotor that its di

notionof rotation is not reversed by revers

ing the directionof the current through its

field -coils, for the direction of rotation de

pends not uponthe polarity Of the field, but

uponthedirection inwh ich thepoles of the
armatureare sh ifted. To reverse themotor,
the connections of either of the circuits 9 g

’

mat bereversed.

Ihave found that itthefield -magnet Of the

motorbestrongly energized by its coils BB
and the circuits through the armature

-coils

closed, assuming thegenerator to be running
at a certain speed, the motor will not start;
M if thefield be but slightl energ ized or in

f
uneral in such condition t at themagnetic
nfiuence Of the armature preponderates in
determining its magnetic conditionthemotor
will start and, with sumcient current, will
reach itsmaximum ornormalspeed. For this
reason it is desirableto kee at thestartand
until themotor has attain itsnormalspeed,
or nearly so, the field -circuit openor to per

mitbut little current to pan throu h it. I
havefound, however, if thefields of h the

rator and motor bestrongly energized
starting the generator starts themotor.

Old that thespeed of
‘

the motor is increased

W itnesses
F irm B.Hears t ,
Fm : E. Han an .

in synchronismwith the enerator. Motors
constructed and opera on this principle
maintainalmostabsolutely the

‘

sensspeed for
all loads withintheir normalworking-limits; 45
and in practice I have observed that it the
motor beoverloaded to such an extentas to

check its speed thespeed of thegenerator, i f

its motivepower be not too g is dimin
ished

'

synchronously with thatof t emotor. 50

I have inotherapplications shown howthe
constructionof these or similar motors may
be varied incertainwell-knownways—as, for
instance, by rotating thefield aboutastation

ary armature or rotating conductorswith in 55
thefield; but I do not illustratethesefeatures
further herein, as with the illustrationwh ich
I havegiven I regard the rest as with inthe

power of a person skilled in the art to con
struct. 60

The present form of motor is cheap.simple,
reliable, and easy to maintain. It reqnires

thesimplest type of generator for its Opera
tion, and whenproperly constructed shows a
bi h efi cieney.

do not claim herein themethod of trans

mitting power wh ich th is system involves,
having made it the subject of another appli~
cation for patent.

W hat I claim is:

Thecombination, with amotor having in
dependent energizing or armature circuits, of
analternating

-current generator with corre

sponding induced circuits connected with the
motor for efi

'

ecting a progressive sh ifting of 75
thepoles of themotor -armature

,
and asource

of continuous current for energ sing thefield
of said motor, as set forth.

NIKOLATESLA.
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1h all whom it mam concern..

Be it known that f, Huron TESLA, from
SmiljanLika,bordercounlr ofAustria-Hun

gary,now residing atNew ork,inthecounty
Sand State of NewYork, have invented certain
new and useful Improvements inSystems of
Electr icalD istribution,of wh ich thefollowing
is a specification, reference being had to the
drawingsaccompanying and forming apartof

to the same.
Th is invention relates to thosesystem of

electricaldistribution inwhich acurrentfrom
asingle source of supply ina main or trans

mitting circuit is caused to induce by means
(5 of suitable induction a paratus acurrent or

currents inan indepeu entworking circuitor
circuits.

Themain objects of the inventionare the
m eas havebeenheretofore obtained by the

so use
o

of thesesystems—vim, to divide the cur
rent from asingle source,whereby a number
of lamps, motors, or other translating devices
may be independently controlledand operated
by the same source of current,and in some

35 case to reduceacurrent of h igh potential in
themaincircuitto oneof renter quanti tyand
lower potential inthe in e ndout consump
tionor working circuitor c renita.
The general character of the devices em

30 ployed in these systems is now well under

stood. An alternating-current magneto-ma
chineis used as thesourceof supply. Thecur
rent developed thereby is conducted through

atransmission-circuit to-

one or moredistant

35 points at wh ich the transformers are located.
Theseconsistof induction-machinesof various
kinds. Insomecnsm ord inary formsof induc
tion-coil havebeen used with one coil in the

transmitting-ci rcuit and the other inalocal

so or consumptionci rcuit,the coils being diaer
ently proportioned according to thework to
be done in the consumption-circuit—that is
toany, if thework requiresacurrentof higher
pd artialthanthat in thetransmissionci rcuit

45 the secondary or induced coil is of greater
length and resistancethan theprimary,wh ile,
on the other hand, if a quantity current.of
lov e ntini is wanted the longer coil is
nu de e primary. In lieu of thu s devica

various forms of electro-dynamic induction so
machines, including thecombined motorsand

generators, havebeendevised. For instance,
amotor isconstructed inaccordancewith well
understood princi ice,and onthesamearma
turearewound in need coils wh ich constitute 55
agenerator. Themotor-coilsaregenerally of
finewire and the nerator-coils of coarser

wire, so as to p cos a current of greaterquantity and lowerpotential thantheline-our

rent,wh ich is of relatively h igh potential, to 60
avoid loss inlong transmission. Asimilar ar
rangement is to wind coils corresponding to
those described inswing or similarcore, and
b means of acommutator of suitablekind to
d rect the current th rough the inducing

-coils 63
successively,” as to maintainamovementof
thepoles of thecoreand of the lines of force
wh ich set up thecurrents inthe induced coils.
W ithoutenumeratin theobjectionstothese

s toms indetail, itwi i sumce tosay that the yo
eory or the rinciple of theactionor Opera

tionof these evices has apparently been so

littleunderstood that their proper construc
tionand use have up to thepresenttimebeen
attended with various diflcultia and
expense. The transformers are very liab eto
be injured and burned out, and themeans re
sorted to for curing th is and other defects
havealmost invariably beenattheexpense of
emciency.
The form of converter or transformerwh ich

I havedevised appears tobe largely freefrom
the defects and objections to wh ich I haveal
indod. W h ile I do not hereinadvance any
theory as to its mode of operation, I would 85
state that, in so far as the principal of con
struction is concerned it is analogousto those
transformers which I haveabovedescribedas
electro dynamic induction mach ines, except
thatit involvesnomoving parts whatever,and
is hencenot liable to wear or other derange
ment,and requ iresno moreattentionthanthe
other and morecommon induction-mach ines.
In carrying out my invention I provide a

series of inducin -coi is and corresponding in 95
(1q coils,which, by preference, I wind upon
acoreclosedu n itself—such asanannulus or
ring subdivi ed in the usual manner. The









done, the currents are produced by dynamo
magnetic inductiononly, the same result be
ing obtained as though thepoles were shi fted
by a commutator with an infinite number of

5 ag
ents.

e modifications wh ich are applicable to

other forms of converter are inmany respects
applicable to th is. I refer more particulu

-ly
to the form of the core, the relative len

g
ths

and resistances -of theprimary and secon ary
coil; and thearrangements for running or op
erating the same.
The new method cl electrical conversion

wh ich th is system involves I havemade the
subject of another application, and I do not
claim i t therefore herein.
W ithout limiting myself therefore to any

specific form,
what I claim is

1. Thecombination,with acoreclosed upon
so itself, inducing or primary coilswound thereon
and connected up inindependentpairs or sets,
and induced or secondary coils wound upon NIKOLATmLA.

or near the primary coils, of a aerator of
alternating currents and indepen entconnec W itneu cs
tions to theprimary coils,whereby by theop Rom . H. DUNCAN,
eraticnof the generatoraprogressiveshi fting Ron'r. F. (h u nch .

of thepoles of thecore iseflected , as set forth .

2. Thecombinatlon,with anannularcrsimi
lar magnetic coreand primary and secondary
coils wound thereon, of an alternating

- cm 30
rent generator having induced or armature.

coils correspondin to the primary coils, and
independent circu ts connectin

gs
theprimary

coils with thecorres cnding 001 of thegen

crator, as h ereinset crth.
‘

8. The combination,with independentelec
tric transmission-circuits, of transformers con
sisting of annular or similarcoreswound with

primary and secondary coils, theoppositepri
mary coilsof each transformer being connected
to oneof the transmission-circuits.an alter
natin c urrentgeneratorwith independent in
dc or armature coils connected with the

transmission-circuits,whereby
‘

aiternatingcur
rents may be directed through the primary
coils of thetransformers intheorderand man
ner hereindescribed.
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To all whom it may concern.

Be it known that I, Nmou Team ,asub
ect of theEmperor ofAustria, fromSmiljan,
ha,bordercountryofAustria-Hungary,

now
resid ing

y
atNewYork

,
inthecountyan State

of New ork
,
have invented certain new and

useful Improvements inElectra-MagneticMo
tors,of wh ich the following is a specification,
reference being bad to thedrawings accom

o panying and formin apartof the same.
In a former app ication, filed October 12,

1887,No. I haveshownand described
amode or planof operating electric motorsby
causing ap

rogressive sh ifting o f thepoles of

one or but of theparts or elements of a mo
tor—that is to say, of either the field magnet
or ma
g
nets or armature, or both. I aecom

plish is by constructin amotora ith two or
more independent ener

g
zing -circu its, on the

so field -magnets,fercramp e, and I connectthese
up with corres

p
onding induced or generating

circuits inanaternating-currentgenerator,so
thatalternating currents are caused to trav
erse the motor circuits. By so doing the

33 palm of the deid -magnetof themotorarepro

grg ively sh ifted,and by theirattractionupon
arotary armature setupa rotation inthelat
ter inthe d irection of themovement of the

poles. Inth is case
,
however, the rotation is

producedand maintained by thedirectattrac
tionof themagnetic elements of themotor. I
havediscovered thatadvantageousresultsmay
besecured inth issystemby utilizing thesh ift
in
g!
of thepolesprimarily to setup currents in

a used conductor locatedwith intheinfluence
of thefield of themotor, so that the rotation
may result from thereactionof such currents
uponthe ileld.
To illustratemorefully thenatureof th e ia

so ventionI refer to theaccompanyingdrawin
Figure 1 represents in side elevhliu'

n e

operative parts or elements of a motor em
bodying theprinciples of my invention, and
insectionthe

g
enerator foroperating thesame.

Fig.2 isahor zontalcentralsectionof themo
tor inFig.l,thocircuits being shownpartly in
d m. F ig. 3 is amodified form of motor
inadc elevation. Fig.4 isacentral horizon
tal cross-sectionof F ig.3.

so InFigs. 1 and 2,Ais anannularcoreofsoft
iron

, preferably laminated or formed of in

sulstedsections.sonetc hesusceptibleto rapid
variations of ma netism. Th is core iswound
with four cells, 00

’

C’, thediametrically
-ep

posite cells being connected inthe same cir

cult, and the two freeends of each pair being
brought to the terminalstand t

'

,
respectively,

as shown. W ith in th is annularneid-magnet

Ais mounted asoft‘ iron cylinder or disk,D,

on an axis, a, inbearings b b, properly sup 6c

ported by the framework of the mach ine.

Thedisk carries two coils, E E
'

,
of insulated

wire,wound atrightanglesto oneanother,and

having their respective ends joined, so that

each coil forms aseparateclosed circuit.

In illustrationof theactionor mode of op
erationof th isapparatualetithoassumed that
the annular field -magnet A is permanently
magnetized,soas topresent two freepoles dia
metrically Opposite. If suitable mechanical

provisionbe now made for rotating theneid
magnetaround the disk,theapparatus exem

plinse the cond itions of anordinary magneto
generator,and currents would be set up inthe

coils or closed conductorsE E
’
on thedisk D.

Evidently these currents would be the most

powerfulat or nearthepoints of thegreatest
density of the lines of force, and they would,
as inallsimilar cases, tend, at least theoreti

cally, to establish magnetic else inthe disk
D atright angles to thoseint eannular field

magnet A. As a result of the well-known
reactionof these polarities uponeach other,
amore or less powerful tendency in the disk

to rotate inthesame directionas that of the

field-magnetwould beestablished. If, onthe

other hand, the ring or annular field -magnet
A.be held static i

‘

i

‘ae?
and its magnetic oles

progressively sh i by passing throng its

coils C C’

properly
-alternated currents, it is

obvious that similar results will follow, for

thepassageof the currents causing the sh i ft

ing or wh irling of the poles of the field
-mag

netAinduces currents in the closed circuits

of thearmaturecells E E
'

,
with the result of

setting up a rotationof the d iskD inthesame

directionof such sh ifting. Inasmuch as the

currents arealways induced or generated in

the coils E E
'
in the same manner, thepoles

of the disk or cylinder follow continuously
the lee cf the annular deid -magnet, main
tain cg, at least theoretically, the same rela





tive positions. Th is results in aneven and
perfectactionof theapparat
Inorder that thesystem as awholemay be

better understood, I shall now describe the

5 modeor plandevised bymeforproducing the
currents thateflecttheprogressiveshi fting of
thepoles of themotor.
InF ig. 1,BB

'
are the poles or polepieces

of an alternating
-current aerator. They

rc arepermpnently magneti and of opposite

polarity. F isacylindricalorother armature
containing the independentcoilsG G

'
. These

coils are wound at right angles, so thatwhile
one is cromin the strongest portion of the

15 field of force eother is at theneutralpoint.
The coils G G’

terminate in the two pairs of
insulated collectingf rin f and f

’

,uponwh ich
bear the brushesg g

'
. ourwires connectthe

motor-terminals tand t'with thebrushcsgand
so respectively. W henthegenerator is re

toted,thecoilGwillatthecertainpoint shown
in the drawings be

’

generatin its maximum
current,wh ilecoilG

'
is neutra Let itbeas

sumed that th is current is conveyed from the
3; rings

L4
“

1
’

to theterminalstland through the
coils 0. Its effectwill be to establish poles
in the ri

ps1
midway between the two cells.

By the in or rotation of the eneratcr the
coilG

’
is broughtwith in the in uenceof the

30 field and begins to produce a current-
”
which

grows stronger as the said cell approaches
the maximum points of the field, while the
currentproduced in thecoil G diminishes as
thesaid coil recedes from thosepoints. The

35 current from the coil G
'

, being conveyed to
theterminals i’ t

'
and th rough coils has

atendency toestablish poles at ri ht angles
to thoseset up by the cells 0 0; at owin
to thegreater efi

’
ect of the current incoils

4c 0 the result is merely to advance the poles
from theposition inwhich they would remain
if due to themagnetizing infiuencec f cells 0
0 alone. This progression continues for a

quarter-revolution until coil G G becomes

45 neutraland coilG
’

G
’

produces its maximum
current. The action described is then re

peated the les having beensh iited throu
one-half of efield,or shalt-revolution. Te

second half-revolution is accomplished in a

so similar way, the same polarity being main
tained inthesh ifting poles by the movement
of the generator coils alternately through
fields of oppositepolarity.
Thesameprincipleof Operationmay besp

55 plied to meters of various forms,and I have
shown oneof such modified forms inFigs. 3
and 4 of the drawings.

- Inthesefigures,MM
'

are field -m nets secured to or forming art
of a frame, mounted ona base,P. T see

60 magnets should be laminated or composed of
a number of electrically

- insulated ma etic
sections, to revent thecirculationof in need
currents an to render them capableof rapid
magnetic changes. These magnetic cores or

65 poles arewound with insulated coils 0 the
diametrically -opposite coils being connected

together inseries and their freeends brought
to terminals i t

’

, respectively. Between the
polesthereismounted, inbearings iu thecross

pieces acylindrical iron core, D, wh ich , 70
inorder to prevent the formationof eddying
currents, and the loss consequent thereon, is
subdivided inthe usualway. Insulated cen

ducters or coils areapplied to the cylinder D
longitudinally, and for these I may employ 75
c

op
per plates E E

'

, wh ich are secured to the

si es and ends of thecylindricalcore inwell
knownways. Theseplates or condactorsmay
form one or preferably several independent
circuitsaround thecore. Inthedrawings two 80
of such circu itsareshown, formed respectively
hy

~the conductors E and E
'
,wh ich are insu

lated fromeach other. Itisadvantageeuzalso
to slot these plates longitudinally, to prevent

the formation of eddy currents and wasteof 85
energy.
F rom what has now been given the opera

tionof th is ap aratus will, be readily under

stood. Tothe inding
-

pests t t
’

are
'

ccnnected

theproper circulmfrom thegenerator teenuse go
a progressive shifting of the resultantmag
netic poles produced by themagnets M u on

thearmature. Thus currents are indu in

the closed circuits ontheco wh ich ,energize
ing the core strongly,maintanapowerfulat 95
tractionbetweenthesameand thefield,whlch
causes arotationof thearmature inthedirec
tion inwh ich the resultant poles aresh ifted.
The particular advantageof the construc

tion illustrated inF i 3 and 4 is th
'

atacon zoo
centrated and power ul field is obtained and
a remarkably powerful tendency to rotation
in the armature secured. The same results
may beobtained in the form i llustrated in

F igs. 1 and 2 , however, by forming polar pre res
jectiens onthefield and armature cores.
W henthesemetersarenot loaded, but run

ning free, therotationof thearmatureisnearly
synchronous with therotationof the poles of

the field,and under these circumstances ver
little current is percepti ble inthe cells E
but i f aload is added the speed tends to di
minish and the currents incells EE

’
areang

meated, so that the rotary cfiert is increased

preportienately.

Obviously theprinciple of th is inventionis
capableofmanymodified apPlicatiens,mostofwh ich followas amatter 0 course from the

constructions described. For instance, the
armature-colla,er these inwhich the currents m
aresetupbyinduction,may beheld stationary
and thealternating currents from thegenera
tor conducted through the rotating inducing
or field coils by means of suitableelidiu cen

tacts. It is also apparent that the in need res
coils may bemovableand themagnetic parts
of themeter stationary;butI have illustrated
these modificationsTully in theapplicationto
wh ich referencehas hereinb eenmade.
Inthecaseofmeters wound with independ 130

ent field and armature circuits and operated
by sh ifting theirpoles,asdescribed inmysaid





prior application, I may by short~circuiting
thearuiature-coilsapply thepresent invention
inorder to obtaingreater power onstarting.
Anadvantageand characteristic featureof

‘

5 metersconstructedandoperated inaccordance
with this invention is their capability of al
most instantaneous reversal by a reversal or
oneof the energizing

-currents from the gen
erator. Th is will be understood froma con
siderationoftheworking conditions. Assum
ing thearmature to berotating inacertaindi
rection-following themovementof thesh ifting
poles, then reverse the directionof the sh ift
ing,wh ich may be doneby reversing thecon

‘5 nections of one of the two energizing -circuits.
If it be borne in mind that inadynamo-elec
tric machine the energy developed is very
nearly proportionateto thecubeof thespeed,
it is evident that at such moment anextra
ordinary power is broughttc play iareversing
themeter. Inadditionto th is the resistance
of the motor is very greatly reduced at the
moment of reversal, so thata

‘much greateramount of current passesthroug th
'

eenergia

2 5 ing
-circuits.

Thephenomenonalluded te- b viz., thevaria
-tionof the resistanceof themotor apparently
likethatinordinary motors—Iattributetothe
variation in the amount of self‘ inductiou in

30 theprimary or energizing circuits.
Thesemotors presentnumerousadvan

ch ief among wh ich are their simplicity, ia NIKOLATESLA.

bility, economy in construction and mainte W itnemes
sauce,and their easy and dangerless manage a xB.MURPHY,

35 meat. As no commutators are required on FRANK E. HARTLEY.

either thegeneratorsor themotors, thesystem
is capableofavervperfectactionand involves

but little less.

I donot claim hereinthe mode or plan of

producing currents inclosed conductors in a 4t

magneticfield wh ich ishereindisclosed,except
in itsapplicationto this particular purpose;
but

‘

W hat I claim is
1. Thecombination, with amotor contain 4 ,

ing indg
mndent inducing or ener izing ci r

cuits an closed induced circuits, 0 analter

nating
-current generator having induced or

generating circuits corresponding to and con

nected with theenergizing-circuits of themo 5<

tor, as set forth.

2. An electro magnetic motor having its
field-magnets wound with independent coils

and its-armaturewith independentclosed coils,
incombination with a sourceof alternating 5
currents connected to thefield -coils and caps

ble of progressively shi fting the poles of the

fieldm agnet, asset forth.
8.

.
A motor constructed with anannular

iield-m et wound with independent coils 6
and acy indricalordiskarmaturewoundwith
closed coils, in combination with asource of
alternatingnurreuts connected with the deid
magnetcoils and acting toBrtgressively shift(

f

i r

rzho
tateo thepoles of the el as herein set

0
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To all whom it an y concern: mode of its construction and

Be it known that I, Nixon Ta u , from be described more indetail by
Bm ilian,Lita,border country of And ria-Hun referenee to the accompanying d iag rams and

,a.nd ra iding inthecity,caunty,andState drawings. 35

5 of ew York, have invented certain new and F ignra 1 to 8 and l‘ to inclusive.aredis

uaeful Improvements in theTransminiou of grams illustrating the principle of the tion

Power,ofwh ich thefollowing isaspccificatioa, of my invention. The remaining fign are

reference being bad to the drawings aecom views of the apparatus in various forms by
panying and forming apart of thename. means of wh ich the inventionmay be carried 60
This application is ad iv isionof anapplica into effect,andwhichwillbedescribed intheir

tionfiled by me October 12, 1887,No. order.

Thepracticalsolutionof theproblem of the Referring first to Fig. 9, wh ich is a d ia

clectr ical conversionand transminionof me grammatic reprmentation of a motor
,
a gen

chanicalenergy involvu certainrequirements orator, and connecting
-ci rcuits in accordance

r5 wh ich theapparatus and systems heretofore with my invention, DI is the motor, and G
employed havenot beencapable of fulfilling. the generator for driving it. Themotor com
Buch a solution primarily demands a uni prises a ring or annulus, B, .prcferably built

formity of speed in themotor irm peetive of up of th in insulated iron rings or annular
i ts land with in its normalworking limits. On plate .so as to beas susceptibleaspossible to

the other hand, it is aces-ary, to attain a variations iaih msgneticcondition. Th isring
gra ter economy of conversionthan has here is surrounded by four coils of insulamd wire
tofore existed, to construct cheaper and more symmetriaslly placed and designated byCCC

’

reliableand simple apparatus, and such that C
'
. Thediametrically-opposite coilsare con

all.danger from the use of currents of h igh nected upsoas toco
-operate inpaim inproduc

as tension,wh ich are necessary to aneconomical ing freepols on diametrically-opposite parts

transmimioa,may beavoided . orthe ring. The four freeends thus leftare
My present invention is a newmethod or connected to terminalsTTT

’T
'

,as indicated .

mode of effecting the transmi- ion of power Near the ring, and preferably inside of it,
by electrical agency, whereby many of the there is mounted on anaxis or shaft a mag 80

go present objections are overcome and great notic disk, C, generally circular in shape, but

economyand efficiency secured. having two segments, cut away as shown.
In carrying out my invention I employ a Thisdisk ismounted so asto turu freelywith ia

motor inwh ich there are two or more inde the ring R. The generator (l is of any ord i ~

pendentenerg izing
-circuits, through wh ich I nary type, that shown in thepresent instance

35 pan;inthemanner hereinafier described,al having deid
-magnets N Band acyhndrrcalar

ternating currcnis ,effecting therebyap mature-core, A,
wound with the two coils B

sive sh ifting of themagnetism or ofthe“ ines B’
. The free ends of each con are carried

offorce,
” which ,iaaccordancewithwell-knowa through the shaft a

'

and connected , respect

theories,produces theactionof themotor. ively, to insulated contact-rings b b b
’

b
'

. Any 90
40 It is obvious thataproperprogressivesh ift convenient formof collector orbrush beers on
ing of the lines of forcemay be utilised to set each ring and forms aterminal by wh ich th r
up amovement or rotati on of either element i current to and from aring is conveyed . Thesi
o f themotor, thearmatureor thefieldm agnet, Iterminals areconnected to theterminals of thc
and that i f the currents d i rected through the lmotor by thewiresLand L

’

m themanuerm

45 severalcircuits of themoror are in proper d i 1dicatsd, whereby two complete ci rcuits an

rection no commutator for themotor will be formed, one including.say.the coils onthe

requi red; but to avoid alltheanal commu r and C O of themotor and th e other
hating appliances i ll the system I connect the remaining unit 13 and C t

"
of the gen

motor-c i rcui tsdirectlywith thoseofasuitable t utor and themotor.

50 alternating
-currentgenerator. Thepractifl l It remain“ to r tin themodeof 0p

results of such asystem,
itseconomicalM a ovations sh .i for thisbnrpose i





refer to the diagrams,Figs. 1 to 8 and 1
'
to B’ develops aless powerfulcurrent, but inthe

for an illustration of the various phases samedirectionas before. The coil
through wh ich the coils of thegenerator pass
when inoperation, and thecorres codingand polarity, generates a current of op
resultant magnetic changes p need inthe5
motor. Therevolutionof thearmatureof the
generator betweenthe field

-magnets N 8 oh

viousiy produces inthe coils BB’ slternatin
currents the intensity and directionof wh i

to depend upbu well
-known laws. In theposi

tionof thecoils indicated inFig.1 thecurrent

in the coil B is practically ail, whereas the

coi l B’ at the same time is developing its
maximum current,and by themeans indicated

15 inthedescriptionof Fig. 9 the circuitinclud
ing th is coilmay also include,any the coils 0
0 of themotor, F ig. The result, with the

proper connections,would be the magnetiza
tionof the ring R, thepoles being ontheline

so N 8. The same order of connections being
observed betweenthe coilB and thecoil
the latter whentraversed by acurrent tend to
fix thepoles at rightangles to the lineN 8 of

Fig. It results, therefore, that when the
35 generator

-coils havemadeone-eighth of a re
volutiou, reach ing the positionshown inF ig.
2, both pairs of coils, C and will be trav
ersed by current and act inopposition in so

far a thelocationof thepoles is concerned.

30 Thepositionof thepoleswilltherefore be the
resultantofthemagnetizingforcesofthecoils
that is to say, itwilladvancehloa

g
thering to

aposition corresponding to one
-eghth of the

revolutionof thearmatureof thegenerator.

35 InF ig. 3 thearmatureof thegenerator has

progrased to one
-fourth of arevolution. At

thepoint indicated the current in thecoilB
is maximum

,while inB
’
it is ail, the latter

coil being in its neutral position. The poles
so of the ring R inFig.8

‘will inconsequencebe
shifted to apositionninety degrees from that
at the start, as shown

“

. I haveinlikemanner
shown the conditions existing ateach succes
siveeighth of one revolutionintheremaiaia

45 figures. Ashort referenceto thesefi areswil
suflce to an understanding of th r signifi

f

sauce.

Figs.4 and 4
'illustratetheconditionswhich

existwhen the aerator-armaturehas com

50 plated thm ig ths
'

of a revelation. Here
both coilsaregenerating currents;butthecoil
B'

, having nowentered the opposite field, is
aerating acurrent intheopposite direction
ving theoppositemagnetizing enect° hence

55 th
eresultantpolewill be on the line if S, as
own.
InFig. 5 one-half of onerevolution of the

armatureofthegenerator hasbeencompleted,
and the resultin

g.
magnetic condition of the

60 ring is shown in ig.B'. Inth isphase coilB
is intheneutral position,wh ilecoilB’ is gen
eratin its maximum current, wh ich is inthe
same on as in Fig. 4. The

B, on the
other hand, having entered afield of opposite 70

posits di

rection. oThe resultantpoleswill thereforebe
in the line N S, F ig. or, in other words,
thepoles of the ring will beshiftedalongdve
ci bths of its periphery.

7 and 7' inthesamemanner illustrate
thep of thegenerator and ring at threequarters of a revolution, and Fi gs. 8 and 8

‘

thesame at seveneighths of a revolution of

the aerator-armature. Thesefigureswillbe So
rea ily understood from the foregoing.
W henacompleterevolutionisaccomplished.

the conditions existing at thestart are re-es

tablished, and the
'

nameaction is repeated for
thenextand allsubsequentrevolutions,and in 85
general itwillnow be seenthatevery revola
tionof thearmatureof thegeneratorproduces
acorresponding sh ifting of thepoles or line
of forcearound thering. Th is efiect I utilise
inproducing the rotationof abody or arma go
ture inavariety of ways

-forexample,apply
ing the principleabovedescribed to theappa
ratus shown inF ig. 9. The disk D, owing to
its tendency to assume that caitica inwh ich
itembraces thegreatestp is number rf the 95
magnetic lines.is set inrotation, following the
motionof the lines or the points of greatu t
attraction.
The disk D m F ig. 9 is shownas cut away

onopposite sides
' but th is I have found isnot 100

essential to efi
’

ectin its rotation,as acircular
disk, as indicated y dotted lines, is also set
in rotation. This phenomenon I attribute to
acertain inertiaor resistance inherent inthe
metal to the rapid sh ifting of thelines of force res
through thesame, which results inacontinu
ous tangential pull upon the disk, causing its
rotation. This seems to be confirmed by the
fact thatacircular d isk of steel is moreeffect
ively rotated thanoneof soft iron;for the rea r to

son that the former is assumed to possess a
greater resistance to the sh illing of the mag
netic lines.
Inillustrationof other forms of apparatus

by means of which I carry outmy invention. i t;
I shallnow describe the remaining figures of
the drawings
F ig. 10 is aview inelevationand part ver

ticalsectionof amotor. Fig. 12 isatop view
of the same with the field in section and a n o

diagram of connections. Fig. 11 isanend or
side view of ageneratorwith thefields insec
tion. Th is formofmotormay beused inplace
of that shown.
D is acylindrical or drum armature-core

,
u s

wh ich
,
for obvious reasons, shouldbesplithp

as far as practicable topreventthecirculation
with in it of currents of induction. The core

is wound longitudinally with two cells,E and

poles will E
’

, the ends of wh ich are respectively con
consequently be sh ined through one half of nected to insulated contact-ringed d d

'
d
'

,car
65 theria

IaFfi. 6 thearmature has completed five
eighths of arevolution. Inthis positioncoil

ried by theshaftn,jnpou which thearmature
ismounted.
Thearmature is set torevolve with in an





ironshell,B, which constitutesthefield-mag
net or other elementof themotor. Thh shell
is preferably formed with aslotor opening, 7,
but it may be continuous, as shown by the

5 dotted lines, and in thisevent it is preferably
made of steel. It is also desi rable that th is
shell should be d ivided up similarly to the
armature,and for similar reasons: As agen
erator for drivin this motor, _

I may usethe
to deviceshown in

‘

g. It. This representsan
annular or ring armature, A, surrounded by
four coils, F F F

'
F
'

, of wh ich those diamet
riesil
i

op to are connected in series, so

that our ree ends are ieit,wh ich are con

i s useted to the
insulated contact-rings b

'b V b
'
.

The ring is suitably mounted ona shaft, a
’

,

betweenthe poles N 8. The contact-rings of

each pai r of generator coils are connected to
thoseof themotor, respectivel by means of

so contact-brushes and the two pa rsof conduct
ors.LLandL

‘

II
,
as indicated diagrammat

leally inF ig. 13
Now,

it is obvious from a considerationof
the preced ing figures that the rotationof the

g
enerator-ring reduces currents in the coils

E", wh ich, ug transmitted to themotor
coils,impart to the coreof thelattermagnetic

poles constantly shi fting or wh irlin around

thecore. Th is efiect sets uparotat onof the

30 armatureowing totbeattractiveforcebetween

the shelland the poles of thearmature; but
inasmuch as the coils in this case move rela

tively to theshell or field
-magnet the move

ment of the coils is inthe opposite direction

35 to the progressive sh ifting of thepoles.

Otherarrangementsof thecoils of both gen
orator and motor are possible, and a greater

number of circuits may be used, a will be

seen in the two succeeding figures.

40 F ig. 13 is a diagrammatic illustrationof a
motor and a generator connected and con

structed in accordance with my invention.

F ig. 14 is an end view of the generator with

its field -magnets insection.

45 Thefield of themotorM ii produced bysix
magnetic poles, G

’

G
'

, secured to or projecting
from a ring or frame, H. These magnets or

poles are wound with insulated coils, those

diametricaliy oppositetoeach otherbeing cou

so nected inpairs,soas to produceoppositepoles

ineach pai r. Th isleaves six freeends,wh ich
are connected to theterminalsTTT

'T’T"T".
Thearmaturewh ich is mounted to rotate be
tween the poles isa cylinder or disk, D, of

55 wrough t
- iron, mounted ontheshafta. Two

segments of thesameare cut away, as shown.

Thegenerator for th is motor has in th is ia
stance eu armature, A, wound with thrf e

coils, K K
’

K
"
, at sixty degrees apart. The

60 ends of thesecoilsare connected respectively,
to insulated contact rings 0 ee

’a
,
e
"
e
"
. These

rings are connected to those of themotor in

preper order by means of collecting
-brushes

and six wi res, forming three independent cir

cuits. The variations inthestrength and di

rection of the currents transmitted throu h

theseci rcuits and traversing the coils of t e

metor produce s'stesdily-

po
rogru iveihiiting

of the resultantattractive roeexerted by the

poles G
'
upon the armature D, and conse 7c

g
ently keep the armature rapidly rotatin

gQepeculiar advantage of th is disposition

inobtaining amore concentrated and power

fulfield. Theapplicationof thisprincipleto
systems involving multiple circuits generally 75
wi ll beunderstood from th is apparatus.
Referring now to F igs. 15 agd 16, Fig. 15 is

adiagrammatic representation of amodified
dispositionof an invention. F ig. 16 isahori

soutal cross onof themotor. Inth is case 80
adisk, D, of magnetic metal, preferably cut

away at opposite edges, as shown indotted
linu in the figure, is mounted so a to turn

freely imidetwo stationary ceila,N
'
N
"
,placed

at rightangles to oneanother. The coils are 85
preferably wound onaframe, 0,of insulating
material, and their ends

‘

are connected to the
fixed termipalsTTT’T’

. Thegenerator G is
arepresentative oi that class of alternating
current mach ines in wh ich a stationary ia 90

duced element isemployed. Thatshowncon
sists of arevolving rmaneutor electro-mag
net, A.and four in ependeutstationary mag
nets, P I”, wound with coils, those diamet
rically opposite to each other being connected 95
inseries and havia their ends secured to the
terminals t tt

'
t
'
. rom these terminals the

currents are led to theterminals of themotor,
as shown in the drawiu Themodeof op
cration is substantially seems as inthepre too

vious cases, the currents traversing the coils
of themotor having theeffect toturnthedisk
D. Th is modeof carrying out the invention
has thesdvan of dispensing with theslid
in

g
contacts in esystem.

nthe forms of motorabove described only
oneof theelements- thearmatureor thefield
magnet

—isprovidedwith energ
izing

-coils. It
remains, then, to showhowhot elementsmay
bewound with coils. Reference is therefore no
had to Figs. 17, 18, and 19. F ig. 17 isanend
view of such a motor. Fig. 18 is a similar
view of thegenerator, with the field-magnets
insection;and F ig. 19 is adiagramof thecir
cuit-connections. InFig. 17thedeid

-magnet r is
of themotoreonsists of a ring, R, preferably
of thin insulated iron sheets or bands, with

eight pole
-

pieces, G, and corresponding re~

ceases in wh ich four pairs of coils, V ,

‘

are

wound. The diametrically Opposite pairs of no
coils areconnected inseries and the freeends
connected to four terminals, to, the rule to be
followed in connectin being thesameus here
inbeforeexplained. narmature,D,with two
coils, E E

’

, at right angles to
‘

each other, is u s
mounted to rotate inside of the deid -magnet
B. The ends of the armature-coils are con
nected to two pairs of contact-rings, d d d

’

d
’
.

The aerator for th is motor may be of any
suite is kind to produce currents of the de 130
sired character. In the present instance it
consists of adeid -magnet, N S, and anarms
ture, A, with two cells at right angles, the
ends of wh ich are connected to four contact





rings, b b h
’h’, carried 17i shalt Theci r

euitecunectious are enablished between the
ringaon the generator

-ahaftaud thoseon the
raster -shaltby eolleeting

lbl
rushesand wi res,as

5 prev iom explained. order to properly
energize the field

-magnet of the motor, how
ever, the connections are so made with the
armature-coils by wires lead ing thereto that
wh ilethepointsofgreatestattractionorgreat

ro est density of magnetic lines of forceuponthe
armature are sh ifted in one direction those
upon the field

-magnet aremadetoprogress in
ancpposite direction. Inother respects the

Operation is identically the same as in the

r5 other cases cited. Th is arrangement results
inan increased speed of rotation.

InFigs.17and 19, for example,theterminals
of each set of deid -eoilsarecounected with the
w ires to the two armaturefccils insuch away
that thefield -coilswillmaintainoppositepoles
in advance r

‘

thepoles of thearm
In thedraa ingathe field

-coils are inshunts
to thearmature;but they may be inseries or
in independentcircuits.

It is obvious that the a rse principle may

Jieapplied to thevarious typical forms of me
tor hereinhefore described.

Having now described the natureof my in
ventiou and someof thevariouswaysinwh ich

30 it is or may beearried into eflect, I would call
attentionto certain characteristics wh ich the

application of the inventionpos es , and the

advantages which it od
’

ers.

Inmy motor, considering
, for convenience,

35 that represented inF ig. 9, t wi ll he observed

that since the disk D has atendency to follow

continuously the points of greatest attraction,
and sincethese points aresh ifted around the

ring once for each revolutionof thearmature

4 c of the generator, it follows that the move
mentof thedisk D will besynchronous with
that of the armature A. This feature by
practi cal demonstration I have found to ex

ist inall other forms inwh ich one revolution

45 of thearmatnre of the generator produces a

sh ifting of the poles of the motor th rough

th ree hundred and sixty degrees.

Intheparticularmodificationshown inF ig.

15, or inothers constructed onasimilar plan,

so the number of alternating impulses m elting
from one revolutionof thegenerator

-armature

is double as compared with the preceding
cases, and the polarities in the motor are

sh ined around twice by one revolutionof the

5 5 generator
-armature. The speed of themotor

will therefore be twi ce that of the generator.

Thesame result is evidently obtained by such

adispositionus that shown in F ig. 17. where

the palm of both elements are sh i fted in up

poeited irections.

Agaimconsider ing theapparatus illustrated
by Fig. 9 as typic al of the invention, it is oh

vious that since theattractive efl
'

ect upon the

disk D isgreatestwhenthed isk is in its preper
55 relativeposition to thepoles developed inthe

ring B—that
'

iato say, when its ends or poles

immed iately follow those of the ring
—the

speed of the motor for all loads with in the
normalworking limits of the motor wi ll be

practically constant.
It is clearly apparent that the speed can

neverexceed thearbitrary limitasdetermined
by thegenerator, and also thatwithiu

'
certain

limits, at least, thespeed of themotor willbe
independentof thestrength of the current.
It willnow be more readily seen from the

abovedescriptionhowfar the requirements of
apractical system of electrical transmid on

of power are realised inmy invention. I se

cure, first, a uni form speed under all loads
with inthe normalworking limih of themo
tor without the use of any auxiliary regula
tor second, synch ronism between the motor
andthegenerator; th ird, greater emeieney by
themore direct applicationof the current,no
commutating devices being required oneither
the motor or thegenerator; fourth , cheapue
and simplicity of mechanical construction;
filth thecapability of being very easily man
aged or controlled, and, sixth , diminution of

danger from injury to persons and apparatus.
Thesemotors may be run in series—multi

pleare or multiple series—under condition
well understood by thoseskilled intheart.
I amawarethat it isnot newto producethe

rotationsof amotor by intermittently sh ifting
thepolm of oneof itselements. Th is hasbeen
done by passing through independent ener

gizing
-coils on one of the elements the cur

rent rom abattery or other source of direct
or continuous currents, reversing such cur

rentby suitablemechanicalappliances, sothat
it is directed th rough the coils inalternately
opposited irections. Insu

‘

ch cases, however,
the potential of the energising currents re

mains the same, thei r direction only being
changed. Accord ing to my invention, how
ever, I employ truealternatin currents;and
my invention consists inthe very of the

mode or method of utilizing such currents.

The difierence between the two plum and

theadvantages ofmineare obvious. By pro
duciug an alternatin current each impulse
of wh ich involves a and fall of potential
I reproduce inthemotor theexact conditions
of thegenerator, and by such currents and the
consequentproductionof ru ultant poles the

progressionof the poles will be continuous
and not interm ittent. Inadditionto th is,the

practical d imculty of interrupting or revers

ing a current of any considerable strength is
such that noneof thedevicesat present could
be made to economically or practically effect
the transmissionof power by reversing inthe
manner descri bed acontinuous or direct cur
rent. Inso far,then,as theplanofacting upon
one element of themotor is concerned,my in
vention involves the use of an alternating as

distinguished fromareversed current,oracu
rent wh ich ,

wh ile continuous and direct, is
sh ifted from coil to coil by any form of com
mutator, reverser, or interrupter. W ith te

gard to that part of the inventionwh ich con
sists inacting uponboth elementsof themotor

70
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25 all whom it may concern:
Be it knownthat I, N ixon Tani , from
Smitten,Lika, border countryofAustria-Hun

we
, and residing in the city” count and

y of NewYork, haveinvented certs itnew
and usefulImprovementsintheElectricTrans
mimit‘m ofPower, of wh ich the following is a

g
enification,thisapplicationbeing adivision
snap liu tien filed by me November 80,

1887, No. 256 562.
Inaprevious appiicationfiled by me—viz.

No. filed October 12, 1887
—1haveset

forth an inrovement in meters and in the
modeorm cd of operating thesame,wh ich ,
generally stated, consists inprogressivelyand
continuously shi fting the

,
ice or lines of

maximum magnetic client 0 either theneid
magnets or armature, or both, of amotor, and
thereby producing amovement of rotation in
themotor. Themeans which I haveshown
for elfecti th is,wh ileyaryiug indetail, are
exemplifi inthefollowings which, for

presentpurposes, itwill be sumoent to con
sides as atypical embodiment of the inven

d
Themotor is wound"

r
i
o

t

iii
wm fo

am
ing in

Q endent energizing
-oi is on t e arma

ture, wh ich is acylinder or disk mounted to
rotate between two oppositemagnetic poles.

30Thesecoilsare connected'

u with corres
p
ond

ing induced or current-p ucing circu is in
analternating

ocurrentgenerator. Asaresult
of this, when the generator is set in motion,
currents of alternately-oppositedirect-ionare

35 directed through the energizing
-coils of the

motor in such manner as to
p
roduceapro

gra ive sh ifting or rotation o themagnetic

polo of themotor-armature. Th ismovement
of thepolo of thearmatureobviously tends to

to rotatethe armature inthe oppositedirection
tothat inwh ich the movement of the poles
takes place, owing to the attractive force be
tweensaid pole and thefield-magnets,and the
speed of rotation increases from thestart un
til itequals that of the generator, supposing
both motor and generator to bealike.
As the netic poles of thearmature are

shifted ina irectionoppositetothatinwhich
thearmature rotates, itwill beapparentt

hat
whenthenormalspeed isattain thepolo of

thearmaturewillassumeafixed positionrela

tively to thefield -magnets, and that incease

quencethefield
-magnets will beenergised by

magnetic induction eth iblting two distinct

poles, oneoneach ofthepolepieces. Instart
ing themotor, however, the speed of thear

mature hein
g
comparatively slow, the pole

pieces arean jectedto rapid reversals of mag
netic polarity; butasthespeed increascsthme
reversals become ion and lms frequent and 60
finally cease,whenthemovementof thearma

ture becomes synchronous with .that of the

generator. This thecase, thefield
-cores

or thepole ieces of emotor becomeamag
net, but by uductiou only.

I havefound that advantageous results are

secured by winding the field
-magnets with a

coil or coils and passiu acontinuous current

through them, thus maintaining apermanent
field,and inth is featuremypresent invention

consists.

I shallnow describethe apparatus wh ich I

have devised for carrying out th is invention

and explainthe mode of using or operating

Figure1 is anend view in elevationof my
improved motor. F

l
ig

. 2 is a part horizontal

central section, and g. 3 is a diagrammatic
representation of the motor and generator

combined and connected for operation. 80

LetAAinFi 1 representthe legsor pole

pieces of a fiel m agnet.around wh ich are

coils BB, i
t

liclnde
r

t

‘

i

t

inti
es

cl

i
c

g
i

h
t

iz
f

é
contiuu

ousocurren gene or, w i apted to
impartmagnetism to thesaid poles intheor
alnery manner.
D D

’
aretwo inde dentcoilswound upon

asuitable cylindri orequivalentarmature
core, wh ich, likeall others used in a similar
manner, should be split or divided up into go .

alternate eticand insulating parts inthe
usualway. is armature ismounted innon
magnetic cross-bars E E, secured to thepoles
of thedeid at. Theterminals of thear
mature-coils D are connected to insulated
sliding contactrings is a b b, carried by the
armature- shalt, and brnaba c c bear upon
theserings to convey to thecoils the currents
wh ich operatethemotor.
Thegenerator for operating thismotor is or





may be of precisely identical construction,
and forconvenienceof referenceI havemarked
inFig. 3 its parts, as follows: F F, thedeid
magnets energized by a continuous current

5 pas t in its field -coils G G; H H
'

, the coils
carrig by the cylindrical armature; d d ee,
the frictionor collecting rings carried by the
armatureshaitand forming the terminals of

the armature - coils ; and f f the collecting
.

to brushes wh ich deliver the currents developed
inthearmature-coils to thetwo circuits 9 g

’
,

which connect thegenerator with themotor.
The operationof th is system willbeunder

stood from the foregoing. The action of the
15 generator by causing aprogressivesh iftingof
the poles in the motor-armature sets up in

the latter arotation opposite in directiou to
that inwhich the poles move. If

, now, the
continuous current be directed th rough the
field -coils soas to strongly energize them
netAA

'

,thespeed of themotor,wh ich depen
uponthstofthegeneramwillnotbeiucreased,
butthepowerwh ich p aces its rotationwill
be increased inproportionto theenergy sup

: 5 plied through the coils BB. It is character
istic of th is motor that its direction of rota
tion is notreversed by reversin thedirection
of thecurrent through its fiel c oils, for the
direction of rotation depends not u n the

30 ty of the fiel but upon the rection
nwhich thepoleso thearmatureareshifted.
Tom eres themotor theconnectionsof either
of thecircuits 9 y

’

mustbe reversed.
I havefound that ifthe field-magnet of the

35 motor bestrongly energized by its.
coils B B,

and the circuits through the armature-coils
closed, assuming the generator to berunning
at acertain speed, the motor will not start;.
but if thefield be butslightly energized, or in

so insuch condition that the m etic
nfiusnceof thearmaturepreponderates ade

its magnetic condition, themotor
will start, and with sufii cient current will
reach its maximum or normal speed. For

45 this reasonit is desirableto keep at thestart,
and until the motor has attained its normal
speed, or nearly so, the field-circuit cpen, or
topermitbut littlecurrentto pass through it.
I havefound, however, if thefieldsof both the

so

tar
t

tirgt
l

h

motor be strongly
le
nergized

e crator starts t e motor
and that thespeefi

e

zf the motor is increased
insynchronism with thegenerator.

NIKOLATfi LA.

W itnesses
m B.Murray ,
Fam x E. HARTLEY.

Motors constructed and Operated on th is

principlemaintainalmostabsolutely thesame
speed for all loads with intheir normalwork
ing limits, and in practice I have observed

that if themotor beoverloaded to such anex

tent as to check its speed the speed of the

generator, i f its motivepower henottoogreat,
is diminished synchronously with that of the

motor.
I have inotherapplications shown howthe

constructionof theseor similarmotors may be
varied incertainwell-knownways—as, for in
stance, by rotating the

'

field aboutastation

ary armature or rotating conductors with in

the dold—but I donot illustratethesefeatures
further herein, as with the illustrationwhich

I havegiven I regard the rest as with inthe

power of a person skilled in theart to con
struct.

I am aware that a device embodying the

characteristiu of a motor and having aper

mu mmy-magnetized field-magnet has been
opera bypassin through independentcoils

on its armaturea irector continuous current
inopposite directions. Such asystem, how

ever, I do not regard as capable of theprac

ticala

gs
lications for wh ich my invention is 80

design nor is it the
‘

same inprincipleor

modeof operation,mainly in that the sh itting
of thepoles is intermittent and not continu

ous, and that there is necessarily involved a

wasteof energy.
Inmypresentexp

licationI donotlimitmy
self toany speci form of motor, nor of the

means for producing the alternating currents

as distinguished from what are called “
re

versed currents,
"and Imay exciteorenergize 90

thefield of themotor and of thegenerator by
any sourceof currentwh ich will produce the

da ired result.
W hat I claim is
Themethod

.
herein described of transmit

tingpower by electro
-magnetic motors,which

consists in continuously and progressively
sh ifting thepoles of oneelement of themotor

by alternating currents and magnetizing the

other element by adirect or continuous cur

rent.as set forth .
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UNITED STATES PATENT OFFICE.

NIKOLAman , or NEW YORK“, N.Y.

METHODOFCONVERTINGANDDISlRIBUTINGELECTRIC CURRENTS.

SPEC IFICATION forming part of Letters Patent N o. dated m y 1 , 1 888 .

Original Q plioationfiled Decemberas. SerialNo. Divided and th's application died March 9.1888. Serial No.

(Nomodel.)

15 all whom it may concern..

Be it known that I, N IKOLATESLA, from
Smilian,Lika,border country ofAustria-Hun

gary, and now residing
‘

at New York, in the
5 county and State of NewYork, have invented
certainnewand usefulImprovements inMeth
ads of Converting and Distributing Electric
Currents, of wh ich thefollowing isaspecifica
tion,th isapplicationbeing adivisionof anap

c leationfiled bymeDecember 23, 1887,Serial
0.

Th is invention relates to those systems of
electrical distributioninwh ich a current from
asingle source of supply in amainor trans»

5 mitting circuit is caused to induce, by means
of suitable inductionapparatus, acurrent or
currents inan independentwork ing circuitor
circuits.

The mainobjects of the invention are the
“meas have beenheretofore obtained by the
useof these systems—via, to divide the cur
rent fromasingle source, wherebyanumber
of lamps,motors, or other translating devices
may beindependently controlledand operated

shy the same sourceof current, and in some
cases to reduceacurrent of h igh potential in

themain circulttooneof greaterquantityand
lower potential inthe independent consump
tionor working circuit or circuits.

o The
f
eneral character of the devices em

ployed nthesesystems isnowwellnnderstood.
Analternating current magnetO

omach ine is
C odesasource of supply. The current de

thereby is conducted through atrans

5 on-circuit to.one or more distantpoints,
atwh ich thetransformers are located. These
‘

eonsistcf induction-machlnesofvariouskinds.
In some cases ordi forms of induction
coil havebeen usedwit one coil inthe trans

a -circuitand theother inalocalor con

u m on circuit, the coils being difi
‘

erently
rtioned, according to the work to be

in the consumption-circuitu that is to

my, i f thework requires a current of h igher
5 tial thanthat inthetransmission-circuit

secondary or induced coil is of greater

lmgth and resistance than theprimary,wh ile,
on the other hand, i f a quantity current of

lower ntial is wanted, the longer coil is

amade
“

e primary. In lieu of these devices

various forms of electro dynamic inductions

mach ines, including the combined motorsand

generators, have been devised. For instance,
amotor isconstructed inaccordancewith well

understood principles,and on the samearma 55
turearewound induced coilswh ich constitute
agenerator. Themotor coils aregenerally of
finewire and the generator

- coils of coarser

wire, so as to produce a current of greaterquantit and lowerpotential thantheline-cur 60

rent,
~ ich is of relatively h igh potential to

avoid loss inlong transmission. Asimilarar

rangement is towind coils corresponding to

those described ona ring or similar core, and

by means of acommutator of sui table kind to 65
direct the current th rough the induc ing

-coils

successively, so as to maintainamovement of

the poles of the coreor of the lines of force

wh ich setup thecurrents inthe induced coils.

W ithoutenumerating theobjectionsto these 70
systems indetai l, itwill suffice to say thatthe

theory or the principle of theaction cooper
ation of thesedevices has apparently beenso
little understood that their proper construc
tionand usehave, up to the presenttime, been 75
attended with various diflicultiesand greatex

pense. The transformersarevery liableto be
injuredandburned out,and themeansresorted
to for curing th is and other defects have in
variably beenat theexpense of efficiency. I 80
havediscoveredamethodof conversionanddis
tribution, however,whieh is notsubject to the
defects and ob eetionstowh ich I havealluded,
and which is th efi cicntand safe. I secure

by itaconversionby truedynamic induction 85
under h i hiy emcient conditions and without
theuseo expensiveor complicated apparatus
or moving deviceawh ich inusewear outand
require attention. Th is method consists in

progressively and continuously shilli ng the 90
line or intsof maximum -efi

‘

ect inan induct
ivefie! across the convolutioas of a coil or
conductorwith in the influence of said field
and included inor forming part of asecond
ary or translating circuit.

In carrying out
‘

my invention I provide a
series of inducing

-coils and correspond ing in
deced coils wh ich,by preference, I wind upon
a core closed upon itself

-such as anannulus ,

or ring
—subdivided iu theusualmanner. The (00

two sets of coils arewound side by side or su

perposed or otherwise placed inwell-known





ways to bring them into themostelective re
lati ons to one another and to the core. The
inducing or primary coils wound onthe core
are divided into pairs or sets by thepmper

5 electrical connections, so thatwh ile the coils
of one pair orsetcoo perate infixin themag
netic poles of thecoreat twogi ven iametric
ally

-opposite points the coils of theother pair
or set—assuming, for thesakeof i llustration,

no that there are but two—tend to fix the poles
at ninety degrees from such points. W ith th is
inductiondevice I useanalternating

-current

generator with coils or sets of cells to corre

spend with thoseof theconverter,and bymeans
15 of suitable conductors I connect up in inde

pendentcircuits thecorrespondin coilsof the

generator and converter. It resu ts from th is
that the d ifferentelectricalphases inthegen
oratorareattended by correspond in magnetic

no changes in the converter; or, inc or words,
thatas the generator-coils revolve thepoints
of greatestmagnetic intensity intheconverter
willbeprograsivelyshiftedorwh irledaround.
This principle I haveapplied under variously

asmodified conditions to the Operationof elec
tro-magnetic motors,and inpreviousapplica
tions—notably inthose havin serial numbers

and —1 have escribed in de
tail themannerof constructingandusing such

30 meters.
Inthe present application my object is to

describethebestand most convenient manner
of wh ich I am at present aware of carrying
out the invention as a

g
plied to a system of

35 electrical distribution; at oneskilled inthe
artwill read ily understand, from thedescrip
tionof themodifications preposed insaid ap
plications,wherein theform of both thegener
atorand converter inthe presentcasemay be

40 modified. Inillustration, therefore,cf thede
tails of constructionwh ich my present inven
tioninvolves, I nowrefer totheaccompanying
drawings.
Figure 1 is a d iagrammatic i llustration of

45 theconverterand theelectrical connections of
thesame. F ig. 2 isahorizontal centralcross
sectionof F i 1. Fig. 3 is adiagram of the
ci rcuits of t e entire system, the generator
being shown insection.

50 I useacore,A,wh ich isclosed uponitself
that is to say, of an annular, cylindrical, or
equivalent form—and as the cmcicncy of the
ap aratus is largely increased by thesubdi
v onof th is core I make it of th in strips,

53 lates, orwires of soft ironelectrically insuEted as faraspracticable. U onthiscore
,by

anywell
-knownmethod, Iwin say,fourcells,B BB'B', wh ich I use as primary coils, and

for wh ich I uselong lengths of comparatively
60 finewire. Overthesecoils I thenwind shorter
coils of coarser wire, 0 C C

’

to constitute
theinduced orsecondary coils. Theconstruc
tionof thisoranyequivalent formof converter

'

may be carried farther,as abovepointed out,
65 by inclosing these cells with iron

—as, for ex
ample, by windin over the coils a layer or

layers of insulatedironwire.

Thedevice is provided with suitablebind

ing-

posts, to wh ich the ends of the coilsare
led. Thediametrically -cppositecoilsBBand 70
B’B’areconnected, respectively inseries,and
the four terminals are connected to thebind
ing

-

posts 1 2 3 4. The induced coils are con
nected together in any desired manner. For

example, as showninF ig. 8, C 0 may be con 75
nected inmultiple arewhen aquantity cur

rent is desired—as i
'

or runnin a roup of in
candescent lamps, D—while65 may be in
dependently connected in series ina circuit
including arc lamps the like.
Thegenerator inthissystemwill beadapted

to the converter in the manner illustrated.
For example, i nthe present case I employ a

pairof ordinary permanentor electrom nets,
E E, betweenwhich is mounted acylin rical 35
armature ona 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 HfH

’

, and the
four line-circuitwires Lconnectthebrushes 90
K bearing ontheseringsto theconverter inthe
ordershown. Notingtheresults of th iscombi
nation, itwillbeobserved thatatagivenpoint
of timethe coilG is in its centralpositionand
is generating

little or no current, while the 95
other coil,G is inapositionwhereitexerts its
maximum efi

’

ect. Assuming coilG to becon
useted incircuitwith cellsBB of theconverter
and coil G

’

with coilsB'B', it is evident that
thepoles of the ring Awill bedetermined by too

coilsB'B’ alone; but as the armatureof the
generator revolves, coilG develops morecur

.

rentand coilG
’
less untilG reaches its maxi

mumand G
'
itsneutralposition. Theobvious

resultwill beto sh iit thepoles of the rin A 105
through one quarter of its periphery. e

movementof the cells through thenext quar
ter of aturn,duringwh ich coilG

'
entersafield

of opposite polarity and generates acurrent
of oppositedirectionand increasing strength, no
whilecoilG is passing from its maximum to
its neutralposition, generatesa currentof de

creasing strength and same direction as be
fore, and causes afurther sh i fting of thepoles

through thesecond quarter of the ring. The r i s
second half revolution will obviously be a

repetitionof thesameaction.
‘ By thesh ifting

of thepoles of theringAapower-dynamic ia
ductiveefi

‘

ect onthe coils 0 C
’
is produced.

Besides thecurrents generated inthesecond no

ary coils by dynamo
-magnetic induction,other

curredts wi ll be set up in the same coils in

consequenceof any variations inthe intensity
of thwies inthe ring A. This should be
avoid by maintaining the intensity of the r: 5

polesconstant,toaccomplishwh ich careshould
be taken in designing and pmportioning the

generator and indistributing the coils inthe

ring Aand balancing their etfect. W henth is
is done, thecurrentsareproduced by dynamo r30

magnetic induction only, thesame result be
ing obtained as thou h thepoles were sh ined
by acommutator wit an infinite number of

segments.





us by means of which th is
method ersiou isor ms becarried out
may bevaried almost indefi tely. Thespe
dfic formwh ich I havehereinshownI regard

5asthebestand mostemcien and inanother

fip
licatlou I have claimed t; but I do not
itmyself hereinto the useof any lou

lar form or combinationof deviceswh ch isor
of electing thesame result in

l.Themethod of electrical conversionand
di rtbutiou herein described,which cen isia
ineontiuuoui lyand prone- ively

NIKOLATE LA.
ts or lineof maximumelect i

vs field, and inducing thereby currents in
thecells or convolutions of a circuit located

withinthe inductive influenceof said field,as
hereinset forth.
2. Themethod of electrical conversionand

W 223
"“
R {

b

litz
“
ne
w“

ngen or n n on c re p nc

ing an inductivefiel currents in

such order or manner as to p neeby their

conjoint street a p ve
’

sh ifting of the

p
oints of maximum e of thefield,

8
and ln

neing thereby currents inthecoils or 00q
lutions oi

'

acircuit located with inthemum.

in influenceof thefield, as set forth
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UNITED STATES PATENT OFFICE.

NIKOLATram , OF NEW YORK, N. Y.
,
ASSIGNOR TO THE TESLAELECTRIC
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SYSTEM O F ELECTRICALDISTRIBUTION .

SPECIFICATION forming part of letters Patent N o. dated October 2 , 1888 .

ApplicationfiledApril 10.188 . SerialNo.TNJO‘I. (No model.)

To all whom it may concern:

Be it known that I, NIKOLATEBLA, a sub

jcetof theEmperor of Austria, fromSmiljan,
Lika, border country ofAustria-Hungary, re

5 siding in the city, county, and State of New
York, have invented certain new and useful

Improvements in Systems of Electrical Dis
tribution, of which the following is a specifi

cation, referencebeing bad to thedrawingsac
lo companying and forming apart of thesame.

inprevious applications for patents made
byme I have shown and described electrical

systems for the transmissionof power and the
conversion and distributionof electrical on

i 5 crzy, inwh ich themotorsand thetransformers
containtwo or morecoilsorsets Of coils,wh ich
were connected up in independent circuits
with corresponding coils ofanalternating

-cur

rentgenerator, theOperationoi thesystem be
20 ing brough tabout by the cO-Operation of the

alternating currents in the independent cir

cuits inprogressively moving or shi fting the

poles or points ofmaximum magnetic effectof
themotors or converters. In these systemh,

25 as I have described them, two independent

conductors were employed for each of the

independent ci rcuits connecting the gener

ator with the devices for converting the trans

mitted currents into mechanical energy or

30 into electric currents of another character;
but I have found thatth is isnotalways neces

sary, and that the two or more circuits may
haveasingle returnpath or wire incommon,
with a loss, i fauy,wh ich is soextremely slight

35 that itmay bedisregarded entirely. For sake

of illustration, i f the generator have two in
dependent coils and the motor two coils or

two sets of Coi ls in corresponding relations to
its Operative elements one terminal of each

40 generator-coil is connected to the correspond
ing terminals of the motor coils through two
independent conductors, wh ile the Opposite
terminals of the respective coils are both con
nected to one return-wire.

45 This invention is applicable to my system
iii various ways, as W ill be seen by reference

to the drawings, inwh ich
Figure 1 is adiagrammatic illustrationof a

generator and single motor constructed and

50 electrically connected inaccordancewith the

invention. Fig. 2 is adiagram of thesystem
as it is used inoperating motorserconverters.
or both, inparallel or multiple arc. Fig. 3
illustrates diagrammatically the manner of

Operating two ormoremotors or converters,or 55
both, in series.

It is obvious that for purposes of this inven

tionmotors or transformers, wh ich may beall
designated as converters,

” arethesame,and

that either or both may be Operated by the 60
samesystem or arrangement of circuits.

Referring to F ig. 1,AAdesignatethepoles
of thedeid -magnets of analternating

~current

generator, the armature of wh ich, being in

this case cylindrical in formand mounted ona 65
shaft.0, is wound long itudinally with coils B
B'. The shaft0 carri es three insulated con

tact- rin s, ab c, to two Of wh ich , as!: c, one
termina of each coil, as ad, is connected. The
i emaining terminals, f y, are both connected 70
to theth ird ring, a.

Amotor inth is case is shownas composed
of a rin H , wound with four coils, I I J J
electrics Iy connected, so as to cc -Operate in
pairs,with a tendency to fix the poles of the 75
ring at four points ninety degrees apart.

W ithinthe 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 terminalsj k of the two sets or 80

pairs of coils are connected, respectively, to

the
'

binding -

posts E
’

F
’

,and the other termi
nals, h i, are connected to a single binding

post, D
'
. To Operate the motor, th ree line

wires are used to connect theterm inalsOf the 85
generatorwith thoseof themotor.

So far as the apparent action .or mode of

Operation of th is arrangement is concerned,
the singlewire D,wh ich is, so to speak,acom

mon return-wire for both circuits, may be re 90

garded as two independent wires. In illus

tration,with the order of connectionshown,
coilB' of the generator is producing its maxi
mum currentaud coil B its m inimum; hence
the current wh ich passes through wiree, ring 95
b
, brush b

’

,
line-wire E, terminal E

'

,
wire j ,

coi ls I I
,
wire or terminal D

'

, line-wire D,

brush a
’

,
ring a, and wire f , fixes the polar

line of the motor midway between the two

cells I I; but as the coilB
'
moves from thepo too





sition indicated itgenerate lens current,wh ile

coilB,moving into the field, generates more.
The current from coilBpasses th rough

devices and wim designated by the lettersa;
5 c, e

’
, F , F

'

,
t
, J J, i , D

’

, D, a
'

, a, and g.and

theposition of the poles of the motor will be
dueto the resultant effect of the currents in
the two sets of coils—that is, it will be ad
vanccd in proportion to theadvance or for

'
to ward movement of the armature coils. The
movement of thegenerator-armaturethrough
onequarter of a revolution will obviously
bring coilB’ into its neutralpositionand coil
Binto its position of maximum eficct, and

15 th is sh ifts thepoles ninety degrees,as theyare
fixed solely by coils B. Th is action is te

peated for each quarter of acomplete revolu
tion.

W henmore thanone motor orother device
isemployed, they may be runeither inparal
lei orscries. InFig.2 theformerarrangement
is shown. Theelectrical device is shownas
agonVerter, L, constructed as I havedescribed
in my application Serial No. filed

35December 23, 1887. Thetwo sets of primary
coils p r are connected, respectively, to the

mains F E, wh ich are clectria lly connected

with the two coils of the generator. The
cram—circuit wires 1st, making theseconnec

30 tion, are then connected to the commonre
turn-wireD. Thesecondary coilsp

'

p
"
arein

circuits at 0, including, for example, incan
descent lamps. Only one converter is shown
entire in th is figure, the others being illus

35 trated diagrammatically.
W henmotors or converters are tobe runin

ssries,the two wiresE F areled from thegen
crator to the coils of the first motor or con
vet-ter, thencontinued on to thenext, and so

so on through the whole series, and are then

joined to the singlewireD,
which completes

both circuits th rough the generator. Th is is
shown in F ig. 3, inwh ich J I represent the
two coils or sets of coils of themotors.

45 Obviously it is immaterial to the operation
of themotor or equivalent device in Fig. 1
whatorder of connections is Observed between
the respective terminals of the generator or
motor.

so I have described the invention in its best
and most practicable f orm of which I am
aware; but there are other conditions under
which itmay be carried out. For example, in
casethemotorandgeneratoreach hasthree ia

55 dependent ci rcuits, One terminal Of each cir

N IKOLATESLA.

W itnesses

Roar.F. Gu nman
,

FRANK E. HARTLEY.

cnit is connected to a lino-wireand ihc other
th reeterminalstoacommonroturut-conductor.

Th isarrangementwillsecuresimilar results to
thoseattainedwith agcncratorand motor hav
ing but two iudependent circuits, as abovede 60

scribed.

W henapplied to such mach ines andmotors
as havethreeor more induced circuitswith a
commonelectricaljoint,theth reeor more ter
minals of thegenerator would besimply con 65
nected to thoseof themotor. Such forms of
machines,whenadapted inth is manner to my
system, I have, however, found to be lea efii ~

cient thanthe others.

The inventionisapplicable to mach inesand 70
motors of various types, and according to cir
cumstancmandcond itions read ily understood.
with more or less efficient m alts. I do not

therefore limitmyself to any of the details of
constructionof theapparatus hereinshown. 75
W hat I claim is
1. The combination, with agenerator hav

ing independent current~generating circuits
and a converter or converters having inde

pendentand correspond ing c ircuits, of inde 80

pendent conductors connecting one terminal
of each generator

ocircuitwith acorresponding
terminal of themotor and asingle conductor
connecting the remaining generator and con
verter terminals, as set forth.
2 . The combination, with agenerator hav

ing independent current
-

generating circuits

and a converter or converters Inving inde

pendentand corresponding circuits, of inde

pendent lineor connecting circuits formed in 90

part through a conductor common to all, as
set forth.

3. The system of electrical distributiou
herein set forth , consisting of the combina
tion, with an alternating

- current generator 95
having independent generating

-circuits and

electro-magnetic motors or converters pro

vided with corresponding energizing
-circuits,

,of linewires orconductors connecting thecoils
of the motors or converters, respectively, in too

series with one terminalof each circuit of the

generator, and a single returnwire or con~

ductor connecti ng the said conductors with

t
he
h

Other terminals of the generator, as set

on
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To all whom it may concern:

Be it known that I, N IKOLATN !.A, asub

ject of the Emperor ofAustria, from Smiljan,
Lika, border count of Austria Hungary,

5 now resid ing at New

r

§0rk, inthe county and
State of New

g
,York haveinvented certainnew

{ ad useful Improvements inDynamo Electric
Mach ines, of wh ich the following Is a specifi
cation, reference being had to the drawings

to accornpanmug and forming apartof thesame.
Incertainpatents granted to Charles F .Peek

and myself—notably in Patents No.

and No. May 1, 1888—1 have shown
and described aplanof constructing and Oper

I5 sting motors transformers,and thelike, by al
ternating currents conveyed th rough two or

more independent ci rcu its from a generator
having such relation to the motors or trans
formers as to produce therein aprogressive

to movement of the magnetic poles or lines of

force. In th e said applications the descrip
tions and i llustrations of the generators were
confined to those types of alternating current

mach ine Inwh ich thecurrent generating coils
25 are independentor separate;but I have found

that the ord inary forms of continuous current
rlynamosnow inusemaybereadilyand cheaply
adapted to my system,

or utilized both as con
tinuous and alternating current generators

30 with but slight changes intheir construction.
Themodeof efi

‘

ecting th is forms thesubstance
of my presentapplication.

Generally stated.theplanpursued by me in
carrying out th is invention is as follows: On

35 theshaft of agivengenerator, either inplace
of or inaddition to the regular commutator,
I secure as many pairs of insulated collecting
ringsas therearecircuits to beformed. Now,

it will be understood that in the operation of

40 any dynamo electric generator thecurrents In
the coils in their movement through the field
of force undergo difi

'

crent phases
—that is to

say, at difi
'

erentpositions of the coils the cur
rents have certain directions and certain

45 strengths—and thatinmy improved motors or
transformers it is necessary that the currents

inthe energizing
-coils should undergo a cer

tainorder of variations instrength and d irec
tion. Hence, the further step—viz, the con

50 motion between the induced or generating
coilsof themach ineand thecontact rings from

wh ich the currents are to be takenofl—will
be determined sole!y by what or der of varia

tions of strength and d irection inthe currents

is desired for producing a given result in the 55
electrical translating device. Thismay beac
complished in various ways; but inthedraw

ings I have given typical instancesonly of the

bestand mostpracticablewaysof applying the

invention to three of the best-known types of 60

mach ines, inorder to illustrate the principle

and toenableany one skilled in the art to ap

ply the invention inany other case or under

any mod ified conditions wh ich the circum
stances of particular cases may require.

F igure l is a d iagram illustrative of the

mode of applying the invention to the well

known type of closed or cont
'

q ous circuit

mach ines. F ig. 2 is a similar d iagram con

taining an armature with separate coils con 70.

useted d iametrically, or what is generally
called an “Open-circuit” mach ine. F i 3 is

a diagram showing the applicationof e in

vention to a mach ine the armature-coils of

wh ich haveacommonjoint.
Referring toF ig. 1, letArepresentoneof my

improved meters or transformers, wh ich, for
convenience, I shalldesignatea

“
converter,

”

which consists of an annular core, B, wound
with four independent coils, C and D, those 80

diametrically opposite being connected to:

ether so as to co operate in pairs inestab

ish ing free poles in the ring, the tendency of

each pair being to fix the poles at ninety de

grees from theother. Theremay beanarIIIa 85
ture, E, within the ring, wh ich is wound with

coils closed upon themselves. The object is
to pass through coils C D currents of such

relative strength and d irectionas to produce

a progressive sh ifting or movement of the 90

points ofmax imum magnetic efl
'

ectaround the

ring, and to thereby maintaina rotary move
ment of the armature. I therefore secure to

the shaft F of the generator four insulated

contact- rings, a b c d, uponwh ich I cause to 95
bear the collecting

-brushesa
’

b
'
c
’
d
'

, connected

by wires G G H H
, respectively, with the

terminals of coils C and D.

Amume
,
for sake of illIIstratIon, that the

coils D D are to receive the maximum and too

coils C C at the same instant the minimum
current, so that thepolar linemay hemidway





between the coils D D
, the rings a (I would

therefore be connected to the continuous ar
mature-coil at its neutral points with respect
to the field or the point corresponding with

5 that of the ord inary commutator brushes, and
between wh ich exists the greatest di fference
of potential, wh ile rings 0 «I would be con

ureted to two points inthecoil, betweenwh ich
existsno d ifferenceof potential. Thebest re

Io suits will be obtained by making those
‘

con
nections at points equidistant from one an
other, as showu. These connections areeasi
est made by using wires Lbetweenthe rings
and the loops orwiresJ, connecting the coil I

I5 to thesegments of the commutator K. W hen
the converters aremade in th is manner, it is
evident that the phases of the currents in the
acczionaof the generator

-coil will be repro
duced in the converter coils. For example,

at after turning through anarc of ninety degrees
the conductors LL, which before conveyed
themaximum current

,
will receive themini

mum current by reason of the change inthe

positiono f their coils, and it is evident that
25 for the same reasont he current insaid coils

tended to form continuous portions a b c «I. 65
The brushes bearing on thecontinuous por

tions for taking oii
‘

the alternating currents

arerepresented by a
’

b
'
c
’

d
’
. The collecting

brushes, or thosewh ich may be used to take
otl

'

the d irect current,aredesignated byM M. 70
Two pairs of the armature - coils and their

commutators are shown in the figureas being
utilized; butallmav be utilized in asimilar

manner.

There is another well-known type of um 75
ch ine inwh ich th ree or morq coils, A

’B’ C',
on the armature have a common joint, the
free endsbeing connected to thesegments of a
commutator. This form of generator is illus

trated inFig. 3. In th is caseeach terminal 80
of the generator is connected directly or in

derivation to acontinuous ring, ab c, and col
leeting

-brushes bearing thereon,take ofl
'

thealternating currents that operate themo
tor. It is preferable in th is case to employ a 85
motor or transformer with th reeenergizing
coils, A

” B"C ”

, placed symmetrically with
thoseof

‘

the generator, and the circuits from
the latter are connected to the terminals of

has gradually fallenfrom themaximum to the such coils either directly—as when they are 90
minimum inpassing through thearc of ninety
degrees. In t his special planof connections
the rotation of themagnetic poles of the con

3c verter wi ll be synch ronous with that of the
armatti re-coi ls of thegenerator,and theresult

will he the same, whether theenergizing cir

cuits are derivations from a continuous arma
ture-coilor from independent coils, as inmy

35 previous devices.

I have shown inF ig. I, indotted lines, the
brushesMM intheir proper normalposition.
In practice these brushes may be removed
from the commutator and thefield of the gen

40 eralor excited by anexternal source of cur

rent;or thebrushes may beallowed to remain
onthecommutatorand to take06

"
aconverted

current to excite the field
,
or to be used for

other purposes.

45 In a certainwell-known class of mach ines
thearmature contains a number of coi ls the
terminals of wh ich connect to commutato r
segments,the coils being connected across the
armature in pairs. This type of mach ine is

50 represented in F ig. 2. Inthis mach ine each

pair of coils goes through the samephases as
the coils in some of the generators I have

shown, and it is obviously only necessary to

utilize them inpairs or sets to Operate one of
55 my converters by extend ing the segments of

the commutators belonging to each pair of

coils and causingacollecting
-brush to bear on

thecontinuous portiono f each segment; In

this way two or more circuitsmay be taken
60 off from the generator, each includ ing one or

more pairs or sets of coils, as may be desired.

InFig. 2 I I represent thearmature-coils,
TTthe poles of the field -magnet, and F the
shaft carrying the commutators,wh ich are ex

stationary—or by means of brushes c
'
and con

tact-rings c. Inth is, as intheother cases, the
ord inary commutatormay beused on the gen

erator, and the current taken from it utilized
for exciting thegenerator field

-magnets or for 95
other purposes.

Theseexamples serve to illustrate the prin
ciple of the invention. It will be observed
that inany case it isnecessary only to add the
continuous contact or collecting rings and to we
establish the connections between them and

theapprOpriate coi ls.

It wIIl be understood that th is invention is

applicable to other types of mach ine
—as, for

example, those bywh ich the induced coilsare 105
stationary and the brushes and magnet re

volve; but the manner of its application is

obvious to oneskilled in theart.

Having now described my invention,whatI

claim is

1. The combination, with a converter hav
ing independentenergizing

-coils, of acontinu

ous or direct current dynamo or magneto ma
ch ine, and intermediate circuits permanently
connected at suitablepoints to the induced or I I 5 .

generating coils of the generator,as hereinset

forth .

2 . The combination, with a converter pro

videdwith independentenergizing
-circuits, of

acontinuous or direct currentgenerator pro I 20

vided with continuous collecting rings con

nected inderivationto the armature-coils to

form the terminals of circuits correspond ing
to those of the converter, as hereinset forth.
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To all wh om i t may concern:

Be it known that I, NIKOLATESL/t, asub
jcetof theEmperor ofAustria, fromSmiljan,
Like, bordercountry ofAustria-Hungary,now

5 residing atNewYork, inthecounty and State
of NewYork, have invented certainnew and
usefulImprovements inElectricGenerators,of
which thefollowing isaspecification, reference
being bad to the drawing accompanying and

IO forming apart of the same.
My present invention relates, chiefly, to the

alternating
-current system invented by me

and described inprior patents, notably Nos.
and of May 1, 1888, inwhich

I5 the motors or transformers
,
or generally the

converters,areOperated byaprogressiveshift
ing or movementof their magnetic poles pro
duced by theco

-operativeactionof independ

ent.magnetizing
-coils th rough wh ich useal

so ternating currents inproper order an direc

tion. Inmy said system, as I haveheretofore

shown, I employed agenerator of alternating
currents inwh ich therewere independent ia
duced orgenerating coils corresponding to the

25 energizing
-coils of the converter, and the te

laticas of the generator and converters were

generally such that the speed of rotation of

the magnetic poles of the converter equaled
that of thearmature oi thegenerator.

30 To secure the greatestefficiency, it isneces
sary to run themach ines at ah igh speed,and
this is truenot only of those generators and

motors wh ich areparticularly adapted for use
inmy system, but Of others. The practica

35 bility of running at very h igh speeds, how

ever,particularly inthecaseof largegenera
tors, Is limited by mechanical conditions, in

seeking toavoid which I havedevised various

plans for Operating thesystem under efficient

40 conditions, although running the neratorat

acomparatively low rate of speetf.
e

My present invention consists of another

way of accomplishing th is result, wh ich in

certain respects presents many advantages.

45 According to the invention, in lieu of driving
thearmature of thegenerator atah igh rate

of speed, I producea rotationof themagnetic

poles of oneelementof thegeneratorand drive
theother atadifl

'

erent speed, by wh ich simi

so Iar results are obtained to thosesecured by a

rapid rotationof oneof theelements.

I shall describe th is inventionby reference

to the d iagram drawing hereto annexed.
The generator wh ich supplies the current

for operating themotors or transformers eon 5 5
sists in th is instanceof asubdivided ring or

annular corewound with four diametrically
oppositecoils,EE

’

.W ith inthering ismounted

acylindricalarmatureocorew
’

ound longitudi

nally with two independent coils, F F
’

, the 60
endsof wh ich lead, respectively,totwopairsof

insulated contactorcollectiug rings,D D
'

GG
’

,

onthe armature-shaft; Collecting
-brushes d

d
'

g g
’
bear upontheserings, respectively,and

convey thecurrents through thetwo independ 65
cut line circuitsMM'

. Inthemainlinethere

may be included oneor moremotors or trans

formers
,
or both. If motors be used, they are

constructed inaccordance with my invention

with independentcoils or sets of coils JJ
’

, in.

70

eluded
,
respectively, in the circuits M M

’

.

These energizing-coilsarewound ona ring or

annular field or on polepieces thereon, and

produce by theactionof the alternating cur

rents passing through them a progressive 75
shifting of the magnetism from pole to pole.

The cylindricalarmature II of the motor is
wound wi th two cells at rightangles, wh ich

form independent closed circuits.

If transformers be employed, I connect one 80
set of theprimary coils, as N N,

wound ona

ring or annular core, to onecircuit, asM
’

,and

the other primary coils, N
’

N
’

, to the circuit

M. The secondary coils K K
’
may then be

utilized for running groups of incandescent 85
lampsPP

’
.

W ith the generator I employ an exciter.
Th is consists of two poles, AA, of steel per

manently magnetized, or of ironexcited by a
battery or other generator Of continuous our 90
rents,andacylindricalarmature

-coremounted

onashaft, and wound with two longitudi
naleoils,0 Oneend of each Of these coils
isconnected to thecollecting -ringsbc, respect

ively,wh ile theother ends areboth connected 95
to aring, a. Collecting

-brushes b
’

c
’

bear on

the rings 6 0, respectively, and conductors L
Lconvey the currents therefrom through the

coi ls E and E
’
of the generator. L

’

is a com
mon return-wire to brush o

f

. Two independ xoc

ent circuits are th us formed, one including
coilsOof theexciterand EEof the generator,





the other coilsp
'
of the exciter and E

’
E

’

of ata rate of speed equal to the sum of the
thegenerator. It results from this that the speeds of thearmatureand magnetic poles of

Operatiouof thecxd terpmdncesaprogressive the generator, so that a comparatively low 70
movement of themagnetic poles of theannu speed of the generator

-armaturewill produce

lar field-core of thegenerator, the sh ifting or a h igh speed inthemotor.
movement of said poles being syneh It will be observed in connectionwith th is

ronous with the rotation of theexciter -arma system that On diminish ing the resistance of

ture. Considering theOperative conditions of the externalc ircuitof thegenerator
-armature 75

asystem thus established, itwi llbe found that by checking the speed of themotor orbyadd

whentheexciter is driven so as to energize ing translating devices inmultipleare inthe

thefield of.the generator thearmature of the secondary circuitorcircuits of thetransformer

letter, i f left free to turn, would rotate at a the strength of the current in the armature
speed practically thesame as that of the ex ci rcuit is greatly increased. Th isis due to two 80
eiter. If under such conditions the coils F causes : first, to the great difi

'

erences in the

F
’
of thegenerator

-armature be closed upon speeds of the motor and generator, and, sec
themsclvm or short-circuited , no currents, at ondly, to the fact that the apparatus follows

least theoretically, wi ll be generated in the the analogy of a transformer, for, inpropor
mid armature-coils. In practice I have oh tionas the resistance of thearmature or sec 85
served the presenceof slight currents, the ex ondary circuits is reduced, thestrength of the

N ew s ofwh ich is attributableto moreor less currents in the field orprimary circuits of the

pronounced fluctuations intheintensity Of the generator is increased and the currents inthe

magnetic pole Of the generator ring. 80
,
i f armature augmented correspondingly. For

thearmature-coils F F
’

be closed through the similar reasons the currents in thearmature 90

motor, the latter willnot be turned as longas coils of the generator increase very rapidly
the movement of the generator-armature is when the speed of the armature is reduced

synchronouswith that of the exciter or of the when running in the same direction as the

magnetic poles of its field. If, on the con magnetic poles or conversely.

traryh thespeed of thegenerator
-armature be It will be understood from the above de 95

inany way checked,so that thesh ifting or to scription thatthegenerator
-armaturemay be

tation of thepoles Of the field becomes rela run inthedirectionof thesh ifting of themag
tlvely more rapid , currentswill be induced in netic poles, butmorerapidly,and thatinsuch

the armature-coils. Th is obviously follows case the speed of the motor will beequal to
from thepassing of the lines of force across the difference betweenthe two rates.

the armature conductors. The greater the Inmanyapplicatioustoelectricalconversion

of rotation of the magnetic poles rela and distribution th is system possesses great

tively to that of the armature the more rap advantages both in economy, efficiency, and

idly the currents developed inthe coils of the practicability.

latter will follow oneanother, and the more W hat I claim is

rapidly the motor will revolve in response 1. Thecombination,with analternating cur
thereto, and th is continues untilthearmature rent generator having independentenergizing

generator is stopped entirely, as by abrake, or field and independent induced or arms

whcn themotor, if properly constructed, runs ture coils, of an alternating
- current exciter

at the same speed with wh ich the magnetic having generating or induced coils corre I IO

poles of the generator rotate. sponding toand connectedwith theenergizing
Thc effectivestrength of thecurrentsdevel coils of thegenerator, as set forth .

Oped in thearmature
-coils of the enerator is 2 . Inanalternating

- current generator, the

dependent uponthe strength of t e currents combination of the elements named and co

energizing the generator and upon thenum operatively associated in the following man I I5
her of

“

rotations per unit of time of the mag ner: adeld-magnet wound with independent

netic poles of the generator; hence the speed coils each connected with asourceof alternat

Of themotor armaturewill depend inallcases ing currents,whereby themagneti c poles pro

upon the relative speeds of the armature of duced by said coils will be progremively
the generator and of itsmagnetic poles. For sh ifted or moved through the field, and an no

example, if thepoles are turned two thousand armature-core wound with independent coils,
times per unit of time and the armature is each having terminals from wh ich currents

turned eight hundred, the motor will turn are delivered to the indepeudentexternal cir

twelve hundred times, or nearly so. V ery cuits.

sli tdifferencesof speed may be ind icated by 3. Thesystem of electricald istributioncon I z5
a elicately

-balanced motor. sisting of the combination, with analternat

Let itnow beamumed thatpower isapplied ing current generator having independent

to the generator
-armature to turn it ina di energizing

- coils and anarmaturewound wi th

i ection Oppositeto that inwh ich itsmagnetic independent induced coils, of analternating

pols rotate. In such case the resultwould current exciter having induced coils corre I 30

be similar to thatproduced by agenerator the sponding
'

toand connected with t heenergizing
armature and field -magnets of wh ich are ro coils of thegenerator, andoneormoreelectri
listed inopposite directions, and by reasonof catconverters having independent inducing
theseconditionsthemotor-armaturewill turn or energizing coils connected with the corre
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elcctro m ic motor rovided with an

armature, commutator
lit, and held-mag

netsM. It is well knownthat such amotor,
if itsneld -ma eln'cores bedivided up into

5 insulated sect ous,may be practically oper

ated by analternating current; but inusing
my regulator with such amotor I includeone
element of themotor only—say thearmature
coils—in the main ci rcuit of the generator,

[0 making the connections through the brushes
and the commutator inth e usualway. Ialso
include oneof theelements of theregulator
my the stationary coils

—inthesame circuit,
and inthecircuit with thesecondary or mov

15 able coil of the regulator I connect up the

neid -coils ol
‘

themotor. I prefer to useflexi
bleconductors to make the connections them
thesecondary coil of the regulator,as I there
by avoid the use of slidin contacts or rings

30 without interferio with e requisite move
meat of the core
If the later be in its normal tion,or

that in w ich its magnetic cireu t is most
nearlyclosed, itdelivers itsmaximum induced

85 current, the phases of which so correspond
wi th those of the primary current that the
motorwi ii runas the h both lleld and arma
turewere excited by emaincurrent.
To vary the speed of themotor to any rate

30 between the minimum and maximum rates,
thecore E and coils F areturned ineither di
red ionto an extentwhich produces the dc.

sired result, for in its normalpositionthecon
relations of coil F embrace the maximum

35 number of lines of force,all of which actwith
the-me ej ect upon said coil hence itwill
deliver its maximum current; but by turnin
the coil F out of its positionof maximum of
feet thenumber of lin

’

m of forceembraced by
49 it isdiminished. The inductiveelectlathers
iore impaired, and the current delivered by
coil F will continueto diminish inproportion
to theangleatwhich thecoilF is turned un

til, aiter passing through an angle of ninety

45 degrees, theconvolutiousoi
‘

the cellwillbeat
rightangles to thoseof coils 0 C, and the in
ductive eli

'

ect reduced to aminimum.

Incidentally to certainconstructio other
c ases may influence the variation u the
strength of theinduced currents. For exam

ple, in the resent case. itwill be observed
thatby the rstmovementof coilF acertai n

portionof its couvolutious arecarried nd

thelin
g
!t

t

l
l
r

l

ea
t?
“ima
gi
nes of the ll of

force, at e m a c path or cincnit$5
for said lin

‘

es is impai hencetheinductive
efisct would be redu Next, that alter
moving through acertainangle, wh ich is oh
viormlydetermined b therelati vedimensions

i n of the bobbin or coi F, diagonally
-op its

portions of the cellwill besimultaueo y in
cluded inthelleld, but insuch positions that
thelion which produceacurrent-impulse in
oneportionof thecoil inacertain direction

65 willproduce in thediagonally
-opposite por

tionacorresponding impulse intheopposite
direction; henceportions of the currentwill

neutraliseoneanother.
As beforestated, the mechanical construe

tionof thedevicemay begreatly varied; but 70
theementlal conditions of the inventionwill

be fulfilled in any apparatus in which the

movement of the elements with respect toone
another attach thesameresults by varying

'

the
inductive relations of the two elements n a 75
manner similar to that described.
Itmay also bestated that thecoreE is not

indie mable to theOperationof the
g

els

tor° at its presence is obviously hen c
'

al.

This regulator,however,has another valuable 80
property inits capability of reversing themo

.

tor, for i f thecoil F beturned through ahall
'

revolution the position of its convolutious
relatively to the two coils 0 C and the lines
of force is reversed, and consequently the 85
phases of the current will be reversed . This
willproducearotationof themotor inanop
posite direction. Th is form of regulator is
also applied with great advantage to my sys
tem of utilizing alternatin currents,iuwh ich

themagnetic poles of the old of amotor are

progressively sh itted by means of the com

bined efiscts upon the lleld ol
‘

magnetizing
coils included inindependentcircuits,through
wh ich alternating currents inproper or 93
der an relations to each other.
In illustration, let P represent one of my

generators having two inde odent coi ls, P
'

and P", on the armature, an Tadiagram of
amotor havin two independent energizing

.

coils or sets 0 cells, BB. One or the cir
cuits from thegenerator,asS

’

includesone
set.B’B’, of theenergizing-coils o i

’

themotor,
wh ile the other circuit, asS8, includes the

primary coils of the regulator. The second res
ary coil of the regulator includes the other
cells,BB, of themotor.
W hilethesecondary coilof the ulator is

in its normal position itproduca b maxi
mum current,and themaximum rotary edect n o

is imparted to themotor; but this clientwill
be diminished in pr

op
ortion to theangleat

which the coilF or e regulator is turned.
Themotor willalso bereversed by reversing
thepositionof the coil with reference to the ri g

'

coils C O, and thereb reversing thephases of
thecurrentprodo by thegenerator. This
changes thedirectionof themovementof the
sh illing poleswhich thearmature follows.
One oi themainadvantages of this planof no

regulation is its economy orpower. W hen
the induced cell is generating its maximum
current,themaximumamountorenergy inthe
primary cells is absorbed;butas the induced
coil is turned from its normal position the res
sell-inductionof theprimary coils reduces the
ex

p
enditureof ener and saves wer.
t is obvious thm n practice ther cells 0

0 or coil F may beused as primary orsecond
ary, and it is well understood that their reia up









produce ply the current for one of the motor-cir
any or similarity inthe in asset forth
dncing and induced currents.
I am aware that it is not

‘

new to vary the

3 secondary currentol
'

aninduction-coilbymov
ing one cell with respect to the other, and
thereby varying the inductive relations nor
mally existing between the two. Th is I do
not claim.

W hat I claim h
l. Thecombinati on

,
with amotorhaving in

dependent energising
-circuits, of analternat

i c annot regulator, consisting, essentially,
of nducing and induced coils movablewith
res to one another, whereby thestren W h oama
of e induced currents bevaried, the n Boar.F.Gavw nn,
duced coils being incl inand adapted to

on,
b
with a motor adapted

to berunor operated
ud
y alternating currents

and provided with i ndent
r
e iaing

coils, of a regulregulator cons
calf

“ onery
inducing.coils and an indu coilcapableof

being rota
l
ted, whi

rreby
ti!:

m
ay be tur

n

ke
d tr

;
a

greater or ess ang eto pr mary co or ts

positionwi th respect thereto reveru d, the in
duced coil or coils being included in and

adapted to supply the current for one of the
motor-ci rcuits, as set forth.
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M au ra-“ rai ses. ra n s om cs.medal.)

To all whom it concern..

Be it known tint Nmou m aaub

jectof theh pemrof Austria, fromSmi ljan,

Lika.border country of Austria-Hungary,and

5 residing at NewYor
-kdnthe county andStatc

of New York, have invented certainnew and

usefulIrn rovemcuts inN elhodsof Operating
Electro aguetic Motors,of wh ich the follow
ing is a specification, reference being had to
the drawings accompanying and forming a

As iswellknown,certain forms of alternat
ing

-currentmach ines havetheproperty ,
when

connected in circuit with an alternating-c urL

rent generator, of running as amotor in syn

chronism therewith ;but,whilc th ealienating
currentwillrunthemotorafter ithasattained
arate of speed synchronous with that of the

generator, ii willnot start it. Hence, in all

instances heretoforewhere tha n synch ro

nixing
-motors,

”
as they aretermed, havebeen

runsomemeans have beenadopted to bring
themotors up to synchronism with the gen

stator, or approximately 80, before the alter

hating current of the generator is applied to

drive them . In some instances mechanical

appliances have been utilized for th is pur

pose. Inothersspecialand complicated forms

of motor havebeen constructed. I have dis
covered amuch more simple method or plan

of operating synchronizing
-motors, wh ich requires practically no other apparatus than

themotor itself . In other words, by a cer

tain change in the circuit
-connections of the

motor I convert itat will from a double-cir

cuit motor, or such as I have described in

priorpatentsand applications,and wh ich will

start under theaction of analternating cur

rent into asynchronizing
-motor,oronewhich

will be run by thegenerator only when ithas
reached a certain speed of rotation synch ro

nous with that of the generator. In th is

manner I am enabled to very greatly extend

theapplications of my system and to secure

all theadvantages of both forms of alternat

in
’

rrentmotor.

e expression
“
synchronous with that of

the generator,
” is used herein in its ordinary

acceptation
—that is to say, amotor is said to

synchronizewith the generator when it re

serves a certainrelative speed determin by
is number of poles and thenumber of alter

nations producedper revolution of the er

ator. Its actualspeed,therefore,may be
or slower than thatof thegenerato r; but it is 35
said to be synchronousso long as itpreserves

the same reh tive speed.

In carrying out my invention I tonsil
-net a

motor wh ich has a strong tendency to synch
ronism with the generator. The construe» 6°

tion which I prefer for th is is that inwh ich
thearmature is provided with polar praise
tions. Thefield-magnets arewound wi th two
sch of coils, the terminals of which are con
nected to a switch mechanism, bymeans of 65
wh ich theline-currentmay heearned directly
through the said coils or ind irectwth ron

g:paths by which its phases aremodified.

start such amotor,
~th e switch is tom od onto

a set of contacts wh ich includes inonemotor 70

circ uit adead resistance, in the otheran in
ductive resistance,and, thetwo circuits being
inderivation, it is obvious that the difference
in phase of thecurrent in such circuits will
set up a rotation of the motor. W hen the 75
speed of themotor has thus been brought to
the desired rate, theswitch is sh ifted to th row
themain current directly t hrough themotor
circuits, and although the currents in both
circuits willnow be of the same phase the 80
motor will continue to revolve, becoming a
true synch ronous motor. To secure greater

efficiency, Iwind thearmatureor itspolarpro

jections with coils closed on themselves.
There are various mod ifications and impor 85
tant features of this method or plan;but the
main principleof the inventionwillbe under
stood from the foregoing.
In the drawings, to wh ich I now refer, I

have illustrated by thediagrams thegeneral 90
features of construction and operationwh ich
distinguish my invention, F igure 1 being
drawn to illustrate the details of the plan
above set forth , and F igs. 2 and 8 mo difica
tionso f the same.
Referring toFig.1, letAdesignate thefield

magnets of amotor, the lar projections of
wh ich arewound with co is B C included in
independent circuits, and D the armature
with polar projections wound with coils E roo

closed upon themselves, the motor in these
respects being similar inconstructionto those
described in my patent, N0. dated
May 1, 1888, but having, by reason of the





polar projection's on the armature-core or

other similar and well-known features, the

properties of asynchronizing-motor.

LL’ represent theconductorsof aline from
5 an alternating-current generatorG.

Near the motor is placed a switch the se

tion of wh ich is that of the one shown in the
drawings, wh ich is constructed as follows : F

F
'
are two conducting plates or arms, pivoted

to at their ends and connected by aninsulating
cross-bar, H, so as to he‘

sh ifted in parallel
ism. In the path of thebars F F ’

is thecon

tact 2, wh ich forms one terminal of the cir

cuit through coils C,and thecontact 4,wh ich

i 5 is one terminalof the circuit th rough coilsB.

The opposite end of thewireof coilsC is con
nected to thewireLor bar F

'
,and the corre

spond ing end of coilsBis connected to wire
L'and bar F ; hence it thebars be sh ifted so

so as to hear on contacts 2 and 4 both sets of

coils B C will be included in the circuitLL’
in multiplearc or derivation. In thepath of

the levers F F
'
are two other contact-termi

nals, l and 3. The contact 1 is connected to
z5 contact 2 through an artificial resistance, I,

and contact 3 with contact 4 through a self

induction coil, J, so thatwhen the switch -lo

vers are sh i fted onto thepoints 1 and 3 the

circuits of coils B and C will be connected in
30 multi pleare or derivation to thecircuitLL

’

,

and will include the resistance and self- in

duction coil, respectively. Ath ird position

of theswitch is that inwh ich the levers F and

F
'
are sh ifted outof contactwith both sets of

35 points. In this case themotor is entirely out
of circuit.

The purposeand manner of operating the
motor by these devices are as follows : The
normal position of the switch, themotor be

40 ing out of circuit, is oi! the .contact-points.

Assum ing the generator to be running, and

that it is desired to start themotor, theswitch
is sh ifted until its levers rest upon ints 1

and 3. Thetwo motor-circuits are t s con

45 nected with thegenerator
-circuit;but by rea

son of thepresenceof the resistance I in one

and the self- induction coil J in the other the
coincidence of the phases of the current is
d isturbed sumcientLy toproduceaprogression

so of the poles, which starts themotor in rota

tion. W hen the speed of themotor has run

up to synchronism with thegenerator, or ap
proximately so,theswitch is shifted overonto
the points 2 and 4, thus cutting out the coils

55 I and J, so that the currents in both circuits

have thesamephase;but themotor nowruns

as a synchronous motor,wh ich is well known
to bea very desirableand emcient means of
converting and transmitting power.

60 Itwill be understood thatwhenb rought up
to speed themotor will runwith only one of

the circuits B or 0 connected with themain

or generator circuit, or the two circuits may
be connected in series. Th is latter plan is

65 preferable when a current having a h igh

number of alternationsper unitof time isem

ployed to drive the motor. In such case the

startingof themotor ismore dimcult and the
dead and inductiveresistancesmusttakeupa
cbnsiderableproportionof theelectro

-motive 7o

forceof thecircuits. Generally I soadjustthe
conditions that theelectro-motive force used

in each of themotor-circuits is thatwh ich is

required to operate the motor when its cir

cuits are in series. The planwhich I follow 75
in

’

th is caseis illustrated in F ig. 2. In this

diagram themotor has twelve poles and the
armature has polar projectionsDwoundwith
closed coils E. The switch used is of sub

stantially the same construction as that 80

shown inthepreviousfigure. Thereare,how
ever, five contacts, wh ich I have designatedby the ii res 5, 6,7, 8,and 9. Themotor ci r
cuits B which includealternateneid-coils,
are connected to the terminals in the follow 85
ing order: Oneend of circuit C is connected

to contact 9 and to contact 6 th rough a dead

resistance, I. one terminal of circuit B is
connected to contact 7 and to contact 6

th rough a self- induction coil, J. The oppo 90

site terminals of both circuits are connected

to contact 8.

Oneof thelevers,asF,of theswitch ismade
with an extension,f, or otherwise, so as to

cover both contacts 6 and 6 when sh ifted into 95
theposition to start themotor. Itwill beoh

served thatwhen ia this positionand with

lever F
’
on contact 8 the current divides be

tween the two circuits B C, wh ich from their

diflerence in electri cal character produce a zoo

progressionof thepoles that starts themotor

in rotation. W hen the motor has attained
the roper speed, theswitch is sh ifted so that

the evers cover the contacts 7 and 9,thereby
connecting circuitsBand C in series. Lhave 105
found that by th is d isposition themotor is
maintained in rotation in synchronism with

the enerator. This principle of operation,
wh ic consists in converting by a

’

change of

connections or otherwiseadouble-circu itmo ro

tor or one operating byaprogressivesh ifting
of the poles into anordinary synchronizing
motor may be carried out in many other
ways. For instance,instead of using theswitch
shown in the previous figures, I may use a rr5
temporary ground circuit between the gen

crator and motor, in order to start themotor,
insubstantiallythemanner indicated inFig.3.

LetG in th is figure represent an ordinary
alternating-current generator with , say, two 1 co

poles, M M
’

, and an armature wound with
two coils,N N

’

,atrightangles and connected

in series. The motor has, for example, four
poles wound with coils B C, which are con

nected in series and an armaturewith polar rz5

projections D wound with closed coils E E.

From the common jointor unionbetween the
two circuits of both the generator and the
motor an earth connection is established,
while theterminalsorendsof thesaid circuits 130

are connected to the line. Assuming that
the motor is a synchronizingomotor or one

that has the capability of running in synch
ronism with the generator, butnot of start





ing, it may be started by theabove-described
apparatus by closing the ground -connection

from both generatorand motor. The system
thus becomes one with atwo-circuit generar

5 tor and motor, theground forming acommon

return for the currents in the two circuits L
and L'. W

'

hen by th is arrangement of cir

cuits the motor is brought to speed, the

ground
-connection is brokenbetween themo

tor or generator,orboth,and ground ,switches
PP’ being employed for th is purpose. The
motor then runs as asynch ronizing-motor.

In describing those features wh ich consti

tute
“

my inventionI haveom itted illustrations
of the appliances used in conjunctionwith
the electrical devices of similar systems
such , for instance, as driving

-belts;fixed and

loose pulleys for themotor, and thelike;but
thesearematters well understood.

In describing my invention by reference to
specific constr uctions I do notwish to be un

derstood as limiting myself to the construc

tions shown; and in explanation of my ln
tent ia this respect I would say that I may in
such forms of apparatus as I have shown in
Figs. .1 and 2 includethedead red stanceand

self- induction coil in either circuit, or use

only a dead resistance or a self-induction

coil, as in the various ways shown inmy ap
plication, No. filed December 8, 1888.
I may also use any form of switch , whether
manual orautomatic, thatwillby its manipu
lation or operationettect therequired change
of connections, and in order to secure the
necessary d ifference of phase in the two mo
tor-circuits on starting I may employ any of

the knownmeans for th is purpose.
I believe that I am thefirstto operateelec

tro-magnetic motors by alternating currents
inany of the ways hereifi suggested or de

scribed— that is to say, by producing apro

gressivemovement or rotation of their poles
or points of greatest magnetic attraction by
the alternating currents until they have
reached agiven speed, and then by the same
currents producing a simple alternation of
their poles, or, in otherwords,by a change in
theorder or character of the circu it-connec W itnesses
tions to convert a motor Operating on one GEO.M.Mom ,

principle to oneoperating onanother, for the W I . H.Limos .

purpos
'

edescribed.

I do not claim herein of itself themethod
of or apparatus for operating amotor wh ich
forms apart of th is invention and.wh ich in
volves theprinciple of varying or modi fying
the currents passing through the energizing
circuits, so as to produce between such cur

rents a diiterence of phase.as thesematters

are described and claimed byme in otherap

plications, but with the object of securing,
broadly, themethod as awholewh ich I have
herein set forth .

I claim is
1 Them

'

ethod of operating analternating
current motor herein described by first pro
gressively shifting or rotating its poles or

points of greatest attraction and then, when

the motor has attained agiven speed, alters

nating the said poles, as described .

2. Themethod of operating an electro-mag
netic motor herein demribed,wh ich consists

in passing through independent energizing
circuits of themotor alternating currents dif

fering in phaseand then,whenthemotor has
attained a given speed,alternating currents

coinciding inphase, as described.
3. Themethod of operatin anelectro-mag

netic motor hereindescri wh ich consists
in starting themotor by pag ing alternating
currentsdiifering inphaseth rough independ 80

entenergizing c ircuits and then,whenthemo
tor hasattained agivenspeed, joining theen
ergizing-circuits in series and pan ing anal
ternating current through the same.
4. Themethod of operating a synch roniz

ing-motor,wh ich consists inpan ing analter
nating current through independent energia

ing-circuits of themotorand introducing into

such circu its aresistance and self- induction

coil, whereby aditterence of phase between 90
'thecurrents in the circuits W ill be obtained,
and then, whenthespeed of themotor synch
ronizes with that of the aerator, with
dr

a
wing the resistance an self - induction

00
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ELECTRO MAGNETIC MOTOR.

M ULTION M ing part of m M tNo. dated June 95 , 1889.

Applicati M January 8.1888. M ai l o. (l omodel.)

To all whom i t may
Be it known that I, NIKOLATu na, from
Smiljan, Lika, border country of Austria
Hungary, a subject of the Emperor Of Aus

5 tria, residing at NewYork, in the countyand
State of New York, have invented certain

new and useful Improvements in Electro

Magnetic Motors, Of which the following is a
specification, referencebeing had tothedraw
ings accompanying and forming s partOf the
same.
Inorder to definemoreclearly therelations

which the motor forming the subject of my
present application bears to others of the

class to wh ich itpertains, I will recapitulatebriefly the forms of alternating
-current mo

tors invented by me and described more in
detail in m pri or patents and applications.
Of these ere are two principal types or

forms: first, those containing two or moreen
ergizing

-c ircuits through which are caused to

pass alternating currents differing from one

another in phase to an extent sufficient to

producea continuous progressionor sh ifting
of the poles or.points of greatestmagneticef
fect, in Obed ience to wh ich the movable ele
ment Of themotor is maintained in rotation;
second, those containing polesorpartsof dif
feront magnetic susceptibility, wh ich under

theenergizing influenceof thesamecurrentor
two currents coinciding inphasewillexh ibit
differences in their magnetic periods or

phases. Inthefirst Of motors thetorque
is due to the magnetism established .lndi f

ferent portionsof themotor bycurrents from
the same or from independent sources, and
exh ibiting time diflerences inphase. In the

second class the torque results from theen

ergizing efiects of a current upon parts of

themotor wh ich differ inm etic suscepti

bility
— inotherwords,partsw ich respond to

the same relative degree to theaction of a

current, not simultaneously, but after dif
ferent intervals of time. In my present in
vention,however, thetorque, instead of being
solely the result Of a time difference in the

magnetic periods or phases of the les orat

tractiveparts to whatever cause ue, is pro

duced by an angular d isplacement of the

parts wh ich , though movablewith respect to

Oneanother, aremagnetized simultaneously,
or approximately so, by the same currents.

This principleof Operation I haveembodied
practi cally ina motor inwhich I obtain the
necessar

y
angular displacement between the

points 0 greatestmagnetic attraction in the
two elementsof themotor—thearmatureand
field—by thedirectionof thelaminationof the
magnetic cores Of said elements, and thebest
means Of accomplish ing th is result Of wh ich
I am at present aware I have shown in the
accompanying drawings.
Figure 1 is asideview Of themotor with a
rtion of its armature-core exposed. Fig. 2

s an end or edgeview Of the same. Fig.3 is

acentral cross-section of the same, thearms
ture bein shown mainly in elevation.

LetA designate two plates built.up of

th in sections Or lamina of soft ironinsulated
more or less from one another and held to

gether by bolts aor any other suitablemeans
and secured to ahaseB. The inner faces of
these plates contain recesses or ves in
wh ich acoilor coilsDaresecured o liquely to
the direction of the laminations. W ith in
the cdils D is a disk E, preferably composed
of aspirally-wound ironwire or ribbon or a

series of concentric rings and mounted ona
shaft F, having hearings in the platesAA.

Such adevice when acted upon by an alter so

nating current i s capableof rotationand con
stitutes amotor, the operation of wh ich I ex
plain ln the following manner : Acurrent or
current-impulse traversin the coils D tends
to magnetize the cores Aand E, all of
which arewith in the influence of the mag
netic field Of the coils. The poles thus es

tablished wouldnaturally liein the sameline
at rightangles to the coils D,but intheplates
Athey are deflected by reason Of the direc go
tion of thelaminations andappear at or near
the

'

extremities Of said plates. In the disk,
however, where theseconditionsarenot pres
ent, the poles or points of greatest attraction
are ona lineat righ tan les to the plane of
the coils; hence therewi l heatorque estab
lished by th is angular displacement of the

poles ormagnetic lines,wh ich starts thedisk
inrotation, themagnetic lines Of thearmature
and field tending toward aposition Of paral





lelism. This rotation is continuedand main
tained by the reversals Of the current in coilsD D

,
wh ich change alternately the polarity

of the field-cores AA. Th is rotary tendency
5 or efi

'
ectwill be greatly increased by wind ing

the d isk with conducto rsG,
closed uponthem

selves and having arad ialdrrectron,whereby
the magnetic intensity of the poles Of the

diskwill be greatly increased by the energ iz
ro ing efi

'
cct of the currents induced 1n thecoils

Gby thealternating curr ents in coils l) . The
plan Of wind ing and the princ iple of Opera
tion have been fully explained inmy patent,
NO. 382,279,0f May 1, 1888.

15 The cores of the d isk and field ma or may
not be Of difierentmagnetic suscep

'

hility
that is to say, they may both be of the same
kind Of iron,so as to be magnetized atap

proximately the same instant by the coilsD;
20 or one may be of soft iron and the other of

hard , in order thata certain timemay elapse

between the periods of their magnetization.

Ineither case rotationwill beproduced ; but

unless the disk is pro vided with the closed

as energizing
-coils itredesirablethat theabove

described ditferencc Of magnetic suscepti

bility be utilized to assist in its rotation.

Thecoresof the field and armaturemay be
made in various ways, as will bewell under

30 stood, it being only requ isitethat the lamina
tions ineach be insuch directionas to secure

the necessary angular displacement of the
p ointsOf greatestattraction. Moreover, since
thedisk may be considered as made upof an

35 infinite number of radial arms, it is 0b\ iOl18

thatwhat is true Of a disk holds,under well
understood cond itions, for many other forms
of armature,and my inventionin th is respect
is inno sense limited to the specific form of

40 armature shown.

Itwill beunderstood that the specific ways
Of carrying outth is inventionarealmostwith

outnumber,and that,therefore,Ido notlimit
myself to the prec ise form Of motor which I

45 have herein shown.

I bQiiO‘e that I am the first to produce to

tation of anarmature, at least such as could

be utilized forany generalorpracticablepur

poses,bymeansof analternating currentpass
5° ing th rough a single co il or several coils act

ing as one, and wh ich havc adirectmagnet

izing ctfect upon the cores Of both armature
and field,and th is I claim initsbroadestsense.
I further believe that I am the first to im

EnwasnT. Evans,
GEORGE N .MONEO.

KOO

part directly,by meansof analternating cur
rent,magnetism to the cores of the two ele

ments Of amotor,and by the directionOf the
lamination of one or both of'the same to pro
dnee anangular displacementof thepoles or
lin

e
s Of magnetic force of the cores, respect

1ve y.
W hat I therefore claim is

An electro-magnetic motor consisting of

adeid-magnet, a ro tary armature, and asin
gle coiladapted to be connected to asource

of alternating currents and to impartmagnet
ism to both thearmatureand thefield-magnet
with angular displacement of themaximum

points,as set forth.

2. Inanelectro-m1 eticmotor,thecombi
nation, with a coil apted to be connected
with a source of alternating currents, of a

neid-magnet and rotary armature the cores

of wh ich are in such relation to the coil as

to be energized thereby and subdivided or

laminated in such manner as to produce an
angular displacement of their poles or the
magnetic lines therein, as set forth .

.3. Inanelectro-m etic motor, the combi
nation, with a coil apted to be connected So
with a sourceof alternating currents, of deid
magnets with laminations lying obliquely to
theplaneof said coiland acircular or disk
armaturemenu to rotatebetweenthefield
magnets,both flel and armature being under
t
he
i
nagnetizing influenceof the coil.as set

ort

4. Inanelectro -magnetic motor, the combi
nation, with acoil adapted to be connected
with asourceof alternating currents,of neid 90
magnets with laminations lying obliquely to
the plane of the coiland acircular or disk

armaturewith spiral or concentric lamina
tionsmounted betweenthedeid-magnets,both
field and armaturebeing under the magnet
izing influence of the coil as set forth.
5. Inanelectro-magnetic motor,the combi

nation,with acoiladapted to be connected to
a source of alternating currents, of a field
magnet and a rotary armature with closed

coils thereon,both thefield and thearmature
being under themagnetizing influenceof said
coiland laminated toproduceanangular

'

d is

placement of thepoles of the two

NIKOLATESLA.
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wires II B. W hen this arrangement Of motors herein descfi bed, which consists in

speed, the electrically connecting
ground

-c onnection
‘

m brokenbetweenthegen the indocin of thegenerator and the

erator or motor or tches one

5 K K being
rupting such connection, as set forth .

hieh

Th2. emethod hereindescribedof starting as
wI

'

l
’

indetail;but itwillbe enough to say thatthe sists in intermediate
10 convertibility of th e system from double cir pointsOf

cuit to single circuit is a feature in itself Of and the energizing
-c ircuit Of the motor to

earth until themotor hm reached thede fied so

I do notwish to beunderstood as confining speed and then interrupting eith er orhoth of
myself to the precisearrangementor order Of the ground-connections, as set forth .

set forth, as thesemay he NIKOLATESLA.

W itnesses

EDW ARDT. Evans,
E. C. Ursa-me.
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srarer

tains effects corres nurng to the resultant

poles produced by t e two field-ci rcuits.

Fig. .3 represents a disposition in wh ich

both armatureand field arewound with two

5 sets of coils, all inmultiplearc to the line or

main circuit . Thearmature-coilsarewound

to correspondwith the field
-coils with respect

to their self- induction. A modification Of

th is plan is shown in F ig. 4—that is to say,
the two field-coils and two armature-coilsare
in derivationto themselves and inserieswith
oneanother. Thearmature-coils inth is case,
as in the previous figure, arewound for dif
ferent self- induction to correspond with the

field -coils.

Another modification is shown in Fig. 6.

In th is case only one armatum oil, as D, is
included in the line-c ircuit, while the other,
as C, is short-circuited.

In such adispositionas thatshown inFig.
2 , or where only one armature-coil is em

ployed, the torque on the start is somewhat
reduced , wh ile the tendency to synchronism
issomewhatincreased. Insoch adisposition,
as shown in F ig. 5, the opposite conditions
would exist. In both instances, however,
there is theadvantageOf dispensingwith one
contact-ring.

In F ig. 5 the two field
-coils and the arma

ture-coil D are in multiple arc. In Fig. 6
this disposition is modified, coil D berug NIKOLATESLA.

shown in series with the two field-coils. W itnesses:
Fig. 7 is an outline of the general form of ROM . F. GAYLORD,

motor inwh ich I haveembodied this improve FaANx E. HARTLEY.

ment. The circuit-connections between the
armature and field coils are made, as indi
cated inthepreviousfigures,through brushes
and rings, wh ich arenot shown.
In theabove description I havemade use

of the terms “armature” and “field;
” but it

will beunderstood that these are inthis case
convertible terms, for what is true of the
field is equally so of thearmature,exceptthat
one is stationary, the other capableOf rota

tion.
I donotclaim inth isapplicationthemeth od

or means of Operating adouble-c ircuitmotorby making its circuits of different self -induc
tion or inany way retarding the phases of

current inone circuit more than inanother,
having made these features subject of other

applications; but
W hat I claim is
1. Inanalternating-currentmotor, thecombination, with field-circuits Of diflerent self

inductive capac ity, of corresponding arma
ture-c ircuits electrically conuseted therewith ,
2. Inanalternating

-currentmotor, thecornbination, with independent deid-coils of d if

ferent self- induction, Of independent arma
ture-coils, one or more in circuit with the
field-coilsand theothersshort-c ircuited,as set
forth.
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To all whom it may
Be it known that I, NIKOLATESLA, asub
jcet of the Emperor ofAustria, fromSmiljan,
Lika,bordercouotry ofAustria-Hungary,and

saresident of New York, in the county and
State of NewYork, have invented certain

new and usefulImprovements -inMethods of
Operating Electro-Magnetic Motors, of wh ich
the following is a specification, reference be
ing had to the drawings accompanying and
forming apart of the same.
In a patent granted to meApril 16, 1889,

No. I have shown and described a

method of starting and operating synchro
nixing motorswh ich involved thetransforma
tionof themotor from a torquetoasynchro
nizing motor. Th is I have heretofore done
byachangeof thecircuit

-connections, where
by on the start the poles or resultant attrae

tion of the field-magnets of themotor were
shiftedor rotated by theactionof the current

until themotor reached synch ronous speed,
after wh ich thepolesweremerely alternated.

Thepresentapplicationisbased uponanother
way of accomplish ing this result, themain
features being as follows : If an alternating
currentBe

fiz
ssed through thefield-coils only

of amotor ving two energizing
-circuits of

different self - induction and the armature
coils beshort-circuited, themoto r will havea
strong torque, but li ttle or no tendency to

synch ronism with the generator;but if the

same current wh ich energizes the field be

passed also through the armature-coils the
tendency to remain in synchronism is very
considerably increased. Th is is due to the
fact that themaximum magnetic eflects pro
duced inthe field and armaturemore nearly
coincide. This principle discovered by me I
have utilized in the Operation of motors. In

other words, I construct a motor having in
dependent field

-c ircuits of di fferent self-ln
duction,wh ich are joined in derivationto a
source of alternating currents. The arma
ture I wind with one or morecoils,wh ich are
connected with thefield-coils th rough contact

rings and brushes,and around thearmature
coils I arrangeashuntwith means for open
ing or closing thesame. Instarting th is mo

tor I close the shunt around the armature
coils, wh ich will therefore be in closed cir

cuit. W hen the current is d irected through

themotor, itdivides betweenthetwocircuits,

(itis notnecessarytoconsideranycasewhere
therearemorethantwocircuits wh ich, 55by reason of their different self- induction,
secure a differenceof phasebetweenthe-two

currents in the two branches that produces

a shifting or rotation of the poles. By the
alternations of current other currents are 60

induced. in the closed—or short - circuitod

armature-coils and the motor has a strong
torque. W hen the desired speed is reached,
the shuntaround thearmature-coils isopened

and the current directed th rough both arma 65
ture and field coils. Under these condi

tions the motor has a strong tendency to
synch ronism.

In the drawings hereto annexed I have
illustrated severalmod ifications of theplan 70

above set forth for operatingmotors. The
figures are diagrams, and will be explained
in their order.

F igure 1 : Aand Bdesignate thefield-coils
of themotor. As thecircuits including these 75
coils are of different self- induction, I have
represented th is bya resistance-coilR incir

curtwith A,and aself
- inductioncoilS u cir»

cuit with B. Thesame result inay of urse

be secured by thewinding of the coils. C is 80
thearmature-c ircuit, the terminals of wh ich
are rings orb. Brushes c d bear on these

rings and connect with the line and field

circuits. D is the shunt or short circuit

around thearmature. E is the switch there 85
in. The operation of these devices I have
statedabove.
It will be observed that in such a disposi

tionas is illustrated in Fig. 1, the field-cir

cuitsAand Bbeing of diderent self- induc 90

tion, there will always b e a greater lag of

the current in one than the other, and

that, generally, thearmature phases willnot
correspond with either, but with the result

ant of both . It is therefore importantto ob 95
servethe proper rule inwind ing the arma

ture. For instance, i f themotor have eight

poles
—four ineach circuit—therewillbefour

resultantpoles,and hencethearmature-wind
ing should be such as to produce four poles, rec

in order to constitute a true synch ronizing
motor.
Fig 2 : Th is diagram differs from thepre

vious one only in respectto the order of con

nections. In the resent case thearmature 105
coil, instead of be ug in serieswith thefield





coils, is in multiple arc therewith . Theats
mature-winding may besimilar to thatof the
field— that is to say, the armature may have
two or more coils wound or adapted for dif

5 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 coi ls. Th is is
shown in F ig. 3, inwh ich the armature-coils

to are F G. To indicate their different elec
trical character, I haveshown inc ircuit with
them ,

respectively, the resistance R
'
and the

self- inductioncoilS'. Thetwoarmature coils
are in serieswith the deid -coilsand the same

15 disposition of the sh unt or short circuitD is

used . It isofadvantageintheoperationof mo
torsof th is -kind to constructorwind thearma
ture in such manner thatwhenshort-c ircuited

on the start itwillhaveatendency to reach a
20 higher speed than that wh ich synchronizes
with the generato r. Forexample, agivenmo
tor hav ing, say, eight poles should run, with

thearmature-coilshort-c ircuited,attwo thou

sand revolutions per minute to bring it up to
25 synchronism. Itwill generally happen,how

ever, that th is speed is not reached, owing to

the fact that thearmature and field currents

do not properly correspond, so thatwhen the
current is passed hrough the armature (the

30 motor not being quite up to synchronism
there is a liability that it would not

“hol

on,
”
as it is termed. I therefore prefer to so

wind or construct themotor thatonthestart,
when thearmature-coils are short-c ircttited,

35 the motor will tend to reach a speed h igher

thanthesynch ronous—as,for instance,double
the latter. In such case the d ifficulty above
alluded to is not felt, for the motor will al

ways hold up to synchronism if the synch
40 rouons speed

- in the case supposed of two

thousand revolutions— is reached or passed.

Th is may be accomplished in various ways;
but for all practical purposes the following
will sumce: I wind on thearmature two sets

45 of coils. OnthestartI short circuitoneonly,
thereby producing anumber of poles on the

armature,wh ich willtend to runthespeed up
above the synch ronous limit. W hen such

limit is reached or passed, the current is di
5° rooted through the other coil, wh ich , by in

creasing thenumber of armature
-poles,tends

to maintain synch ronism. In F ig. 4 such a
disposition is shown: The motor having,
say, eightpoles contains two field-c ircuitsA

$5 andB,of differentself- induction. Thearms
ture has two coils F and G. The former is
closed upon itself, the latter connected with
thefield and line throu h contact-rings ab,
brushes c d, and a switc E. On the start

60 thecoilF alone isactiveand themotor tends
to runataspeed abovethesynchronous;but
when thecoilG is conneotw‘ 1 hc circ l'

thenumber of arrmtt'

while themotor i s
65 motor. This dist
that the closed
themotor lot-u

NIKOLATESLA.

ttnesses :

Roar . l ( iAYLORD,

Farm: E. HARTLEY.

I IO

at the same time theconditionsaresuch that
the motor comes out of synch ronism more
readily. To increase the tendency to synch
ronism ,twocircuitsmay beused on thearma
ture, one of wh ich is short-circuited on the
start and both connected with the external

circu itafter thesynch ronousspeed is reached
or passed. This disposition is shown inFig.

5. There are three contact-rings a b eand
th ree brushes c d f ,wh ich connect thearma
ture-circuits with the external c ircu it. On

starting, the switch II is turned to complete
the connection between one binding

-

postP
and the field-coils. Th is shortr circuits one

of the armature-coils, as G. The other coil

F is out of circuit and open. W hen the

motor is up to speed, the switch H is turnedback, so that the connection from binding
postPto the deld-coils is through the coil

G, and switch K is closed, thereby includ ing
coil F in multiple arc with the field-coils.

Both armature-coils are thus active.

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

I do not claim herein the method and

means described and shown for operating a
motor by producing artificially a difference
of cu rrent phase in its independent ener

gizing
-circuits; nor do I claim, broadly, a

motor having independent energizing
- cir

cuits of di fferent self- induction and arma
ture-c ircuits connected therewith , as these

features aremade subjects of other applica

tions wh ich I have filed.

W hat’I claim is

1. Themethod herein described of operat

ing alternating
-current motors having inde

pendent energizing
-circuits, which consists

in short-c ircutting the armature circuit or

circuits until themotor has reached or passed

asynchronizing speed and then connecting
said armature-circuits with the external cir
cuit, as set forth.

2. The method of operating alternating
current motors having fiéld-coils of difi’erent

self- induction, wh ich consists in directing al

ternating currents from an external source

th rough the field
-circuits only until themo

tor has reached a given speed and then di

recting said currents through both the field
c ircuits and one or more of thearmature-cir

cuits, as set forth .

3. The method of operating alternating
current motors having field

-coils of dilferent

self- induction,wh ich consists in directing al

ternatinv currents from an external source

throughzhefield-circuits and short-c ircu iting
apartof thearmature

-circuits,and thenwhen

the motor has attained agiven speed direct

ing thealternating currents through both the
wtand a

g
eormoreof thearmature-c ircu its

,

1 fort
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to all whom it m y com m .

Bo it known that i , Nu cu M asub

just of theEmperorof Austria, fromSmiljan,
m ur der country of AustrisfHunga re

5 i ding at New York, in th e county and tate

of New York.have invented certainnewand
h a s, of wh ich th e following is aspecificap
tion, referencebeing had to the accompany

rc ing drawings.
This invention relates to alternating-cur

rent motors of the general description ia
vented by me, and in h ich two or more en
ergizing

-c ircuitsareem loyed;through wh ich
15 alternating currents drifering in phase are

pag ed, with the result of producing a pro

granivo sh ifting or rotation of the poles or

points of maximum attractive sheet.

Inprior patents and applications I have
shown and described various forms of motors
of th is kind. Among them are motors in

which both energizing
-circuitsareelectrically

alike—that is to say, both have thesame or
approximately the same electrical resistance

35 and self- induction— iatheoperationof wh ich
firealien ating currents used are primarily
of different phase. In others the diflerence
of phase is artificially produced—as, for ia
stanca in cases where the motor-c ircuits are

3° of di fferent resistanceand self- induction, so

that the same current divided between them
willbe retarded in one to a greater extent

than in the other,and therequisitephased if
ference secured in this way. To th is latter

35 ohm generally my present invention relates.

The lag or rotation of thephases of an al

ternating current is directly proportional to
theself- inductionand inverselyproportional
to the resistanceof thecircuit through which

4° the current flows. Hence, in order to secure

theproper difference of phase between the

two motor-circuits, it is desirable to makethe
self-induction in onemuch h igherand there
sistancemuch lower than the self- induction

45 and resistance, respectively, intheother. At
thesame time the magnetic quantitiesof the
two poles or sets of poles wh ich the two cir

cuits produceshould beapproximately equal.
These requirements, wh ich I . have found to

5° exist inmotors of th is kind, have led me to 10°

the invention of a motor having the follow
ing general characteristics : The coils which

are included in that energizing-circuitwhich
is to have th e h igher self- inductionImakeof
coarse wire, or a conducto r of relatively low
resistance, and I use the greatest possible

length or number of turns. Intheother setof

coils I useacomparatively few turns of finer
wire or awireof h igher

‘
res istance. Further

more, in order to appro ximate the magnetic 6c
quantities of the poles excited by th esecoils,
I use in theself- inductioncircuit cores much
longer than those in the other or resistance
c ircuit. I have shown in the drawingsamo
tor embodying these features.
Figure 1 is apartsectionalviewof themo

tor at righ tangles to the shaft. F ig. 2 is a

d iagram of the field-c ircuits.

In Fig. 2, let A repres ent the coils in

one motor-circuit, and Bthose in the other.

The circuitAis to have the h igher self- in

duction. I th erefore use a long length or a

large number of turns of coarsewire in form
ing the coils of th is c ircuit. For the circuit

B, I- use a smaller conductor, or aconductor

of a h igher resistance than copper, such as

German silver or iron,and wind thecoilswith
fewer turns. Inapplying thesecoils toamo
tor I build up a field

-magnet of plates C, of

iron or steel, secured together in the usual 80
manner by bolts D. Each plate is formed
with four (more or less) long cores E, around

which is aspace to receive the coil and an

equalnumber of shortprojectionsF toreceive
thecoils of theresistance-c ircu it. Theplates
are generally annular in shape, having an

open space in the center for receiviu the

armatureG,
wh ich Iprefer towind with 0 used

coils. An alternating current divided be

tweenthe two circuits is retarded as to its

phases in the circuitAto amuch greater ex
tent than in the circuitB. By reason of the
relative sizes and dispositionof thecoresand

coils the magnetic eflect of the poles E and

F upon the armature closely approximate.
These conditions are well understood and

readily secured by one skilled in theart.
An important result secured by thereon

struction herein shown of themotor is, that
these coils wh ich are designed to have the





higher self- induction are almost completely
surrounded by rrou,by wh ich theretardation
is considerably increased.

1 do not claim herein, broadly, themethod
5 andmeans of securing rotationby artificially
producing agreater lag of the current inone
motor-circ uit than in the other.nor the use

of poles or cores of different magnetic sus

eeptibility,as theseare featureswhich I have
specially claimed ’

rn other applications filed
by me
W hat I clatm is
1. An alternating current motor havin

two or more energ izing
-circuits, the coils 0

onecircu itbeing composed of conductors of
largesize or low resistanceand those of the
other of fewer turns of wireof smaller sizeor
higher resistance, as set forth .

2. Inanalternating-currentmotor, thecom
zo bination, with long and short field-cores, of

energizing
-coils included rn independentcir

cuits, the coils on thelongercores containing

an excess of 00pper or conductorover that in

the others, as set forth.

3. The combination, with a field-magnet

composed of magnetic plates having anopen

center and pole-pieces or some of diner-ent
length , of coils surrounding said cores and

included in independent ci rcuits, thecoils on
the longer cores containing an excess of cop

per over that in the others, as set forth.
4. The combination, with a field-magnet

composed of magnetic plates having an open

center and pole-pieces or cores of d iflerent
len , of coils surrounding said cores and

nded in independentcircuits, the coils on

the longer cores containing anexcess of 00p
per over

ge

that in theothers and being set in.

recesses in the ironcoreformed by theplates.
as set forth.

N IKOLATESLA.
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119 all whom it ma
yBe it known that e onaTEBLA, asub

jectof theEmperorofAustria, from Smiljan,
Like, b order country of Austria-Hungary,

s residing at New York, inthecountyandState
of New York,have invented certainnewand
useful Improvements in Electro Magnetic
Motors, of wh ich the following is aspecifica

ro Th is invention relates to the alternating
current electro-magnetic motors invented by
me, in wh ich a

p
rogressive sh ifting or re

tatien of the po es or points of maximum
magnetic effect is produced by theaction of

rs the alternating currents. These motors I
have constructed in agreatvariety of ways.
As instances, I have builtmotorswith two or
more energ izing

-circuits, wh ich I connected
upwith corresponding circuits of agenerator

so so that the motor will be energized by alter
nating currents differing primarily in phase.

I have also built motors with independent
energizing

-c ircu itsof di fferentelectricalchar
acter or self- induction, through wh ich I have

zy passed an alternating current the phases of
wh ich werearti ficiallyd istorted by thegreater
retard ing cfiect of one circu it over another.

I have also constructed other formso f motor
operating by magnetic or electric lag, wh ich

30 it is notnecessary to describehereinindetail.
although my present invention is applicable
thereto. In such motors I useanarmature
woundwith acoil or coils,wh ich is sometimes
connected with theexternalc ircuit and some

35 times closed upon itself, and to both terms
thepresent invention applies. In thesemo
tors the total energy supplied to effect their
operation is equal to the sum of the energies
expended in thearmatureand thefield . The

40 power developed, however, is proportionate
to theproductof thesequantities. This pro
ductwillbegreatestwhenthesequantities are
equal;hence inconstructing amotor I deter
minethemass of thearmatureand field cores

45 and thewindingsof both and adaptthetwo so

as to equalize as nearly as possible the mag
netic quantitiesof both . Inmotorswh ich have
closed armature-coils th is is only appro xi
mately possible, as the energy manifested in

so thearmatu re is the resultof inductiveaction

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 bemuch more perfectly obtained.
In further explanation of my object let it 55

be assumed that the energyas represented in
the magnetism in the field of agivenmotor
is ninety and thatof thearmature ten. The
sum of thesequantities which represents the

total energy expended in driving themotor, 60

is
'

onehundred; but,assum ing that themotor

be so constructed that the energy in the field
is represented by fif ty and that inthearma

ture by .fifty, the sum is still one hundred;
butwh ile in the first instance the product is 65
nine hundred, inthesecond it is twothousand

five hundred, and as the energy developed is
in proportionto theseproducts it is clear that

those motors are the most emcient—other

th ings being equal—ln wh ich themagnetic 7o

energies developed in thearmatureand field

areequal. These results I obtain by using
thesameamount of copper or ampere turns
in both elements when the cores of both are
equal,or approximately so,and thesamecur 75
rent energizes both ; or in cases where the

currents inoneelement are induced to those

of the other I use in the induced coils an

excess of copper over that in theprimary
element or conductor. 80

W h ile I know of noway of illustrating th is
invention by a drawing such as will meet
the formal requirementsof anapplicationfor
patent, I have appended for convenience a
conventional figure of amotor such as I em 85

ploy. I would state, however, that I believe
that with the problem before h im wh ich I
have herein stated , and the solutionwh ich I
haveproposed, any one skilled in theartwill
be able to carry outand apply th is invention 90

without difficulty.
GenerallySpeaking.if themass of thecores

of armature and field be equal, the amount
of cepper or ampere turns of the energizing
coils on both should also beequal; but these 95
conditions willbemodified inwell-understood
ways in different forms of mach ine. It will

be understood thatthese results are mostad

vantageous when existing under the con

ditions presented when themotor is running too





with its nnr-al lrnd,and h u rrying out the I. An electro -magnetic motor having field
inm fi rn th is faa should be taken into con and arrnature magnets of equal strength or

magnetiequantitywhen energised by agiven r5
Ed a -

rmg to the drawing,A is the field

nagnet,Bthe armaturo ,C the field-coils, and 2. In an alternating
- com et motor, theD th earmaturec oils, of themotor. comb ination, with field. and armature cores

of equal mas , of eneenerg izing
-coils containing

equalamounts of copper, as herein set forth . se

NIKOLATESLA.

o inprior patents granted to and applications W itnes ss

me, are not-herein claimed.
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To all whom it ma concern

Be it known that N IKOLATnsna, asub
jcetof theEmperor of Austria, from Smiljan,
Lika, border country of Austria-Hungary, re
sid ing atNew York, in the county and State
of New York,have invented certainnewand

useful Improvements in Electra Magnetic
Motors, of wh ich the following is aspecifica
tion, referencebeing bad to the drawings ac

companying and forming apart of the same.
This invention relates to that form of alter

nat1ng
—currentmotor invented byme,inwhich

there are two or mere energizing
- circuits

through wh ich alternating currents d ifiering
in phase are caused to pass. I have inprior
patents and applications shownvarious forms

or types of th is motor
—first

,
motors having

two or more energizing
-circuits of the same

electrical character, and in the Operationof

wh ich the currents used difier primarily '

1n

phase;second,motors with aplurality of en
erg izing

-circu its of different electrical char

acter, in or by means of which the ditterence

of phase is produced artificially, and, th ird,
motorswith aplurality 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—tbe armaturewhich is mounted to

rotate in obedience to the cc-operative in

fluenceoractionof theenergizing-circuitshas

coils wound upon it wh ich are closed upon

themselves andm wh ich currentsare inducedbytheenerg1z1ng—currentswith theobjectand
resultof energizing thearmature

-core;butun

derany such conditionsas mustexist 1nthese
motors it is obvious that acertain timemust

elapsebetweenthemanifestations of anener
gizing

-current impulse
'

1n the field-coils, and

the correspond ing magnetic state or phase
‘

1n

the armature established by the current in
daood thereby;consequentlyagivenmagnetic
influenceor effect inthe field wh ich is thedi
rect result of aprimary-current impulsewill
have become more or less weakened or lost

before the corresponding efiect in thearma
ture ind irectly produced has reached its

maximum. This is acondition unfavorable

to efficientworking in certain eases—as, for
instance, when the progress of the resultant

poles orpoints of maximumattractionis very
great, or when a very h igh number of alter 55
nations is employed— for it is apparent that
a stronger tendency to rotationwill bemain
tained i f themaximumm agnetic attractions

or conditions in both armature and field co
incide, the energy developed by a motor be 60

ing measured by theproduct of themagnetic
quantities of the armatureand field.

The object, therefore, in th is invention is
to so construct or organize thesemotors that
the maximaof the magnetic effects of the 65
two elements— thearmatureand field—shall
more nearly coinc ide. Th is I accomplish in
various ways, wh ich I may best explain by
reference to the drawings, inwh ich various

plans for accomplish ing the desired results 70

are illustrated.

F igure 1 : Th is is a diagrammatic illustra
tionof amotorsystemsuch asI havedescribed
inmy prior patents, and in which thealter

nating currents proceed from independent 75
sources and differ primarily in phase.
Adesignates the field-magnet or magnetic

frame of the motor;BB, oppositely-located
pole-

piecesadapted to receivethecoils of one

energizing
-circu it; and C 0

, similar pole 80

pieces for the coils of the other energizing
circuit. These circuits are designated, re

spectively,by D E,theconductor D’ forming
a common return to the generator G. Be
tween thesepoles is mounted an armature 85
for example, a ring or annular armature,
wound with a series of coils F , forming a

closed circuit or circuits. The action or op
oration of ameter thus constructed is now
well understood. It will be observed, bow 90

ever, that the magnetism of poles B, for ex
ample, established by a current-impulse in
thecoils thereon, precedes themagnetic effect
set up in the armature by the induced cur

rent in coils F . Consequently the mutual 9'

s
attractionbetween the armature and field

poles isconsiderably reduced . Thesamecon
ditions will be found to exist i f, instead of
assuming the poles Bor C as acting inde
pendently, we regard the ideal resultant of 100both acting together,wh ich is the real condi
tion. To remedy tb is,l constructthemotor





field with secondary poles IV C', which are

situated between the others. These pole
pieces I wind with co ils D

'
E
'
, the former in

derivation to thecoils I the latter to coils E.

5 Themainor primary coils DandEarewound
for adifierent set- induction from that of the

coils D’ and E', the relations being so fixed
that if the currents in I) andE differ, for ex
am
p‘
le, by a quarter-

phase, the currents in

one secondary coil, as D'
E
'
,
will differ from

those in its appropriate primary D or E by,
s’
oydforty

-five degrees, or one-eighth of ape

rt

I explain the action of th is motor as fol

lows: Assuming that an impulse or alterna

tion incircuit or branch E is justbeg inning
wh ile in the branch D it is just falling from
maximum, the conditions of aquarter-phase
diflerence. The ideal resultant of the at

tractive forces of the two sets of polesB0
therefore may be considered as progressing
from polesBto poles C wh ile the impulse in
E is u sing to maximum and that inD is fall

ing to zero or minimum. Thepolarity setup
in the armature, however, lags beh ind the

manifestations of field magnetism,and hence
themaximum points of attraction in arma
tureand field, instead of coinciding, arean

gularly displaced. ThiseffectiscOunteractedby the supplemental poles B'C'. Themag
netic
g
hescaof these poles succeed those of

poles C by the same, or nearly the same,

period of timeas elapses between the efiect

of the poles BC and the corresponding in

duced effect in thearmature; hencethemag
netic conditions of poles B

’
C
’
and of the

armaturemore nearly coincide and a better
result is obtained. As polesB

'
C
'
act inconjunctionwith the poles in the armature es

tablished by polesBC, so in turn poles C B
act similarly with the poles set up.byB'C',
respectively. Under such conditions the re
tardationof themagnetic effect of thearma
tureand thatof thesecondarypoleswillbring
the maximum of the two more nearly into
coincidence and a. correspondingly-stronger
torque or magnetic attractionsecured.

Insuch a dispositionas is shown in F ig. 1
itwill be observed thatas theadjacentpole
pieces of either c ircuit areof like polarity
they will have a certain weakening effect

upononeanother. I therefore prefer to re

move the secondary poles from thedirect ih
fiuepce of the others. Th is I may deby con
structing amotor with two independent sets
of fields,andwith either oneor twoarmatures
electricallyfionnected, or by usin two arma
tures and one field. Thesemodi cationswill
be illustrated hereinafter.

Fig. 2 is a diagrammatic illustrationof a
motor and system inwh ich the difference of

phase is artificiallypioduced. Therearetwo
coils D D in one branch and two coils E E in
theother branch of the main circuit from
the generator G. These two c ircuits orbranches are of different self- induction, one,
as D, being higher thantheother. For con.

100

1 2 0

venience I have indicated this by making
coils D much larger thancoils E. By reason

of th is difierence in the electrical character

of the two circuits the phases of current in

oneare retarded to agreaterextent than the

other. Let th is difference be th irty degrees.
Amotor thus constructed will rotate under

the action of an alternating current; butas

happens in the casepreviously described the
corresponding magnetic etfects of thearma

ture and field do not coincide owing to the

time that elapses between a given m etic

effect in the armature and the condit onof 80

the field that produces it. I therefore em

ploy the secondary or supplemental polesB’
C
’
. There being th irty degrees difference of

phase between the currents in coils D E, the

magnetic eflects of polesB
’
C
’
should corre

spond to thatproduced by acurrentdiffering
from the current in coils D or E by fifteen
degrees. Th is I may accomplish by windin
each supplementalpoleB

’ C with two coils I
II

’
. ThecoilsHare included inaderived cir 90

cuit having the sameself- inductionas circuitD, and coils H’
inacircuit having the same

self-inductionas circuitE,so that if thesecir

cuitsdifferbythirtydegrees themagnetismof
polesB

’
C
’ will correspond to thatproduced

by a current differing from that ineither D
or E by fifteendegrees. Th is is true inall
other cases. For exam ls, if in Ft 1 the
coils D’ E’

be replaced y the coils H’
i h

cluded in derived circuits, the magnetism of
the poles B

’
C
’ will correspond in efiect or

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

either
'

circuitD or E by forty -five degrees,er
one-eighth of aperiod.
Th is inventionas applied to a

'

derived-cir
cuitmotor is illustrated in F igs. 3 and 4. The
former is anend view of themotor with

.
the

armature in sectionandadiagram of connec

tions, and F ig. 4 a vertical section through
the field. These figures are also drawn to

show one of thedispositions of two fields that
may beadopted incarrying outtheinvention.
The poles BBC 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 coilsKL. Thepri
mary coils IJ are inderived circuits,between
wh ich,by reasonof their different self- induc
tion, there is a difierence of phase, say, of
thirty degrees. The coils I’ K are in circuit
with oneanother, as also are coils J’ L, and
there should beadifferenceof phasebetween
the currents in coilsK andLand their corre
sponding primaries of, say, fifteen degrees.
If thepoles B Careatrightangles, theam
ture-coils should beconnected directlyacross,
or a singlearmature-corewound from end to
end may be used ; but if thepoles B C be in
line thereshould beanangular displacement
of thearmature-coils, as will bewell under
stood.

The operationwill be understood from the
foregoing. Themaximummagnetic condition





of a pair of poles, asB
’ B’

, coincides closely
with the maximum efiect in the armature,
which lags beh ind the corresponding condi

tion inpolesBB.

5 There are mi
g
ny other ways of carrying out

this invention, ut they all involve the same
broad principleof constructionand operation.
In using ex nessions herein to indicate a

coincidence o themagneti
cvp
hases or efiects

to inone set of field-magnets th those set up
inthearmature by the other I refer only to
approximate results; but th is of coursewill
be understood.

W hat I claim is
15 1. Inanalternating-currentmotor,thecom
bination,with anarmaturew

‘

ound with closed

iV itnesses
R. J.STOREY, Jr.,
Jonu Grnw srm.

coils, of mainand supplemental field magnets
or poles, one set of wh ich is adapted to ex

h ibit their maximum magnetic effect simul

taneously with that set up in the armatureby theactionof the other, as set forth .

2 . Inanelectro-magnetic moto r, thecombi
nation.with an armature, of a plurality of
field orenergizing coils included,respectively,
inmain circuits adapted to produce a given
d ifference of phaseand supplemental or sec
ondary circuits adapted to producean inter
mediate difference of phase, as set

N IKOLATESLA.
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'
o all whom it may
Be it known that I, N IKOLATESLA, a subjcet of the Emperor of Austria-Hungary, for

merlyof Sm iljan,Lika,border countryofAus
5 tria

-Hungary, but now residing at NewYork,
in the county and State of New York, have
invented certain new and useful Improve
ments inMethods of O

g
erating Electro-Mag

netic Motors, of wh ich 8 following isaspec i

fication, reference being had to the drawing
accompanyingand form ingapartof thesame.

i n a patent granted to 1118 April
No. 401,520 I have shown and described a
method of operating alternating

-currentmo

tors by first sh ifting or rotating their mag
netic poles until they had reached or passed
asynchronous speed and thenalternatingthe
poles, or, in other words,by transforming the
motb r byachangeof circmt-connections from
one Operated by theactionof two or more ia
dependentenergizing-currents to amotor op
erated by a single current or severalacting
as one.

The present invention i s a specific way of

carrying out the same invention;and it con
sists in the following method . On the start I
progressively sh ift themagnetic poles of one
elemout or field of the motor by alternating
currentsdtfienng 1nphaseandpassed th rough
independent energizing

-c ircui ts and short

c i rcu it thecoils of theother element. W hen

the motor thus started reaches or passes the
lim it of speed synchronous wi th the genera
tor

, I connect up the coils previously short
circu ited with a source of direct current and
by a change of the circuit-connections pro
duce a simplealternation of the poles. The
motor then continues to run in synch ronism
with the generator. Therearemany specific
ally

-d ifferent ways inwh ich th is may becar
ried out, but I have selected onefor illustrat
ing the principle. Th is 18 illustrated in the
annexed drawing, wh ich is a side view of a
motor with a diagram of the circu its and de
v ices used 1n the system.

The motor shown is one of the ordinary
forms

, with field-cores either laminated or

solid and with a cylindrical laminated arma
ture wound, for example, with the coilsAB
at right angles. The shaft of thearmature
carries three collecting or contact rings C D

E. (Shown, for better illustration, as of dif
ferent diameters.)
One end of coilAconnects to one ring, as

C,and oneend of coilBconnects with ring D. 55
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 ,tobehereinafter described . Thefield
coils have their terrmn

‘

als in binding-

posts K
’

60

K, and may be either closed uponthemselves

or connected with a source of direct current

Lby means of a switch M. Themainor con
trolling switch hasfive contacts a b c d eand

two levers f g, pivoted and connected by an 65
insulating cross-bar h,so as to move in paral
lelism. These ievers are connected to the

line-wires f rom a source of alternating cnr

rents N . Contact a is connected to brushtG
and coil Bth rou h a dead - resistanceR and'70

wire P. COt is connected with brush F

and coilAthrough aself- inductioncoilsand
wire 0. Contacts 0 and e are connected tobrushes G F ,

respectively, through thewi res
PO’

, and contact d is d irectly connected with 75brush H. The lever f has a widened end,
wh ich may span the contacts a b. W hen in

such itiou and with lever on contact (1,
theaternating currents divi e between the

two motor -coils, and by reason of their dif 80

ferent self - induction a difference of current

phase is obtained that starts themotor inro
tation. In starting, as I haveabove stated ,
theneld-coils are short-circu ited.

W hen the motor has attained the desired 85
speed, the switch is sh ifted to the position

shown indotted lines— thatiato say,with the
leversf g resting onpoints c c. Th isconnects
up the two armature-coils in series, and the
motor will then runas a synchronous motor. 90
The field-coils are th rown into circu it with
the direct- current source when the main
swi tch is sh ifted.

W hat I claim hereinas my invention is
The method of operating electro - mag 95

netic motors, wh ich consists infirst progress
ively sh ifting or rotating the magnetic poles
of one element until it has reached a synch
rouons speed and then alternating said poles
and passing a directcurrentth rough the coils 100

of the other element, as herein set forth .

2. Themethod of operating electro mag





4 185248

ac tors, wh ich consists in short-c ircuit rentand th rough thearmature-coils alternat
c oils of one element, as the field-mag ing currents co inc iding in phase.
1 pac ing through the energizing

-coils
other element,as thearmature, alter

N IKOLA PESLA'

currents d ifiering in phase, and then, W itnesses :

he motor has attained a gi ven speed, R. J. STONEY,
.Ir.,

through the field -coils a d irect cur l’ . Com-
”

IN.
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To all whom i t m ay concern

Be itknownthatI.N IKOLATESLA,asubject
of the Emperor of Austria- Hungary, from
Smiljan,Lika,bordercountry ofAustria-Hun

5 gary,resid ingat NewYork, inthe county and
Stateof NewYork,have invented certainnew
and usefulImprovements inElectro-Magnetic
Motors, of wh ich the following is a spec ifica
tion, reference being had to thedrawings ac

I o companying and forming a partOf the same.

I have invented and elsewhere describe d

anelectro-magnetic motoroperatedoradapted
to be operate dby analternating electric cur

rent, and wh ich is now commonly desig nated,
1 5 whether correctly or not, a “magnetic- lag

"
motor. Themain disting uish ing features of

this motor are the following : Anarmatureis
mounted with inthe magnetizing influenceof
acertainnumber of field magnetsor poles of

s o different magnetic susceptib ility—that 18 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 currents. W hen

2 5 analternating current is passed th rough the
coils of such a motor, the field magnets or

polesdonotappeartomanifesttheirattractive
efiect upon thearmaturesimultaneously, the
magnetic attractionof someappearing to lag

so beh ind that of others,with the result of pro

duc ing 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 wh ich , for similar reasons, may be called a

magnetic-lag
” motor;but inOperation itdif

fers from that which I have above described
in that theattractiveefiects or phases of the

poles,wh ile lagging beh ind thephases of cur

lo rent wh ich produce them, are manifested si

multaneously and not successively.

To carry out th is invention I employ amo
tor embodying the principle of construction

of a motor described and claimed in an a

is plication filed by me January 8, 1889, 6.
to theextent that both thearmature

and field receive their magnetismfrom asin
le energizing-coilor aplurality“cellsact
ng as one.

Amotor wh ich embodies my invention,
with certain modifications thereof, is illus
trated in the accompanying drawings.

Figure 1 is a side view of themotor in ele

vation. Fig. 2 is a part~sectional view at

right angles to F ig. 1. Fig. 3 is an end v iew

in elevation and part section of a me didos

tion, and F ig. 4 is a similar view of another

modification.

In F igs. 1 and 2
,A desi nates a b ase or

stand, and BBthe support ng
- frame of the

motor. Bolted to the said supporting
- framo

are two magnetic cores or pole
-

pieces t
"
, of

iron or soft steel. These may be sub div ided

or laminated, in wh ich casehard iron or steel

plates or bans should be used , or they should

be wound with closed coils. l) is a circular

disk-armaturebu ilt up of sections or plates of
ironand mounted in the frame between the

pole-

pieces C C
’

,
wh ich latter are preferably

curved to conform to thecircular shapethere

of. I may wind th is disk with a number of
closed coils E. F F are the main energ izing
coils, supported inany convenientmannerby
thesupporting

-frame,orotherwise,butsoas to

include with in their magnetizing influenceboth the pole-

pieces C C
’
and thearmatureD.

The pole
-

pieces C project out beyond

the coils F F on opposite sides, as indicated

in the drawings. If an alternating current

be passed th rough the coi ls F F ,
rotation of

thearmaturewillbe produced,and th is rota

tion I explain by the following apparent ac
tion or mode of operation: An impulse of

current inthecoils F F establishes two polari

ties in the motor. The protruding end of

pole
-

pieceC,
for instance, will beof one sign,

and thecorrespond ingend of pole
~

piece will

beof the opposite sign. The armature also

exh ibits two poles at rightangles to thecoils

F F
,
like poles to those in the pole

-

pieces

being on the same side of the coils. W h ile

the current is flowing there is no apprec iable
tendency to rotation developed ; but after

each current impulseceases or begins to fall

the magpetism in the armature and in the

ends of (“he lo-piecesC (3
’
lags or continues

to manifest tsoli , wh ich produces a rotation

of the armature by the repellent force be

tween themore closely approximating po ints
of maximum magnetic effect. This effect is
continued by the reversal of current, the po

larltles of field and armature being simply
w . Oneor both.of the elements

—the
armatureo r neid—maybewound with closed





induced coils to intensify th isedect,although
in the drawings I have shownbut oneof the
fields, each element of themotor really con
stitutes a field, wound with the closed coils,
Sthe currents being induced mainly in those
convolutionsor coilswhich are parallelto the
coils F F. Amodified form of th is motor is
shown inFig.3. In this form G is oneof two
standards that support the bearings for the
armature-shaft. HHareuprights or sides of
aframe, preferably magnetic, the ends C C

’

of wh ich are bent, substantially as shown, to
conform to the shape of thearmatureD and
form field-magnetpoles. Theconstructionof
thearmaturemay be the sameas in the pre
vious figure, or it may be simply amagnetic
disk or cylinder, as shown,and acoil or coils
F F are secured inposition to surround both
thearmature and thepoles C C

'
. Thearms

ture is detachable from its shaft, the latter
being passed th rough the armatureafter it
hasbeen inserted inposition. Theoperation
of this form of motor is thesame in principle
as that previously described and needs no
further ex inustion.

Oneof t smost important features inalter
nating-currentmotors is that they should be
ada
p
ted toand capableof running efficiently

in t ealternating systems in
p
resent use, in

wh ich almost without except on the gener
ators yield avery h i h number of alterna
tions. Such amotor havedesi ued byade
velopment of the principle 0 the motor
shown inFig. 3, making amultipolar motor,
wh ich is illustrated in

‘

F ig. 4. In the con

structionof this motor I employ anannular
magnetic frame J, with inwardly-extendipg
ribs or projections K, the ends of wh ich all
hand or turn in one direction and are gen

erally shaped to conform to the curved sar
face of the armature. Coils F F arewound
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,
so as to form U-shaped groups of convolu

i

tionsateach end of thearmature. Thepole
pieces 0 C

'
, being substantially concentric

with thearmature, form ledges, along wh ich
the coils are laid and should project to
someextentbeyond thecoils,as shown. The
cylindricalor drum armatureD isof thesame
constructionas inthe othermotorsdescribed,
and is mounted to rotatewith in theannular
frameJand between the Us haped ends or

bondsofthecoilsF. ThecoilsFareconnected
inmultipleor inserieswith asource of alter
nating currents,and aresowound thatwith a
currentor current impulseof givendirection

they willmake thealternatepole-

pieces C of
60 onepolarity and the other pole

-

pieces C
’
of

the cpposite larity. The principle of the

operationof ismotor is thesameastheother
herein described, for, considering any two NIKOLATESLA.

pole-

pieces C C
'
, a current impulse passin

g
W itnesses

inthe coil
'wh ich bridges them or is woun R. J.STONEy, Jr..

overboth tendsto establish polarities intheir E.P.Comm.

ends of opposite sign and to set up in the
armature-corebetweenthem apolarity of the
same signas thatof thenearest pole—piece0.

Upon the fall or cessation of the current im 70

pulse that established these larities the
magnetism wh ich lags beh in the current

phase,and wh ich continues tomanifest itself
in thepolar projections C C’ and thearma
ture, producesby repulsionarotation of the 75
armature. The eflect is continued by each

reversal of the current. W hat occurs in

the caseof onepair of pole
-

pieces occurs si

multaneously in all, so that the tendency to
rotation of thearmature is measured by the 80
sum of all the forces exerted bythe

'

pole

pieces, as above described. In th is motor
also the magnetic lag or effect is intensifiedby winding one or both cores with closed ia

duced coils. Thearmature-core is shownas 85
thus wound. W henclosed coilsareused,the
cores should be laminated.
It is evident thatapulsatory aswellas an

alternating currentmightbeused todriveor

operate the motors herein described; but I 90
prefer to usealternating currents.

It will be understood that the degree of

subdivision, themassof theiron inthecores,
their size, and thenumber of alternations in
the current employed to runthemotor must 95
be taken into consideration in order to pro
erly construct th ismotor. Inotherwords, 11

all such motors theproper relations between
the number of alternations and the mass,
size, or quality of the ironmust bepreserved too

in order to secure the best results. These
are matters, however, that are well under

stood by thoseskilled in theart.
W hat I claim is
1. Inanalternating-currentmotor,thecom 105bination, with the armature and field-cores,

of stationary energizing-coils enveloping the

said cores and adapted to produce polarities

or poles in both , thefield-cores extending out

from thecoils and constructed so as to ex n o

hibit the magnetic effect imparted to them

after the fall or cessation of current impulse

producing such edect, as set ferth .

2. Inanalternating-currentmotor,thecombination, with an armature-core circular in u s

configuration, of a supporting
-frame, field

cores extending therefrom over portions of

the periphery of the armature, and energiz

ing
-coilssurroundiugsaid armatureand 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 lar extensions extending
over portions of

‘

t e armature, and the ener

gizing
-coilsF,woundoverportiOnsof thepole ra5

pieces and carried in loops over the ends of

thearmature, as herein set forth.
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A’ s-su m m ar i ses “ am u
‘ m u w

Be itknown that I, Nmou TxSLA, asub
jectof theEmperorofAustria-Hungary, from
Smiljan, Lika. border country of Austria
Hungary,residing atNewYork, inthecounty
andStateof NewYork, haveinvented certain
newand useful Improvements inAlternatin

gCurrent Electro-Magnetic Motors, of wh io
thefollowiiig isaspecification,referencebeing

0 had to thedrawingsaccompanying and form
ia apart of thesame.

is invention is an improvement in that
class of electro-magnetic meters inwh ich the
rotation isproduced by theprogressivemove

rs ment or effect of the maximum magnetic

points or poles produced by the conjoint ac
tion or eflect of two one izing circuits

through which are passed ternating cur

rents,or currents of rapidly-varying strength
to of akindred nature.

The improvements subject of th is applica
tionaremore particularly applicableto that
clam of meters inwhich two or moresets of

one
'

zing-m etc are employed, and in
aswhic b arti cialmeans a certain interval

of time smadetoelapsebetweentherespect
ivemaximum or minimum periods orphases
of their magnetic attraction or edect. This
interval or diderence in phasebetween the

30 two sets of magnets, when artificiall
yp

ro

duced, is limited in extent. It is des rable,
however, for theeconomicalworking of such
motors that the strength or attractionof one
set of magnets should be maximum.at the

35 timewhenthat of theother set is minimum
and conversely;buttheseconditions havenot
heretoforebeenrealized except incaseswhere
thetwo currents havebeenobtained from in
dependent sourccs in the same or different

40machines.
Theobject of the present invention is to

establish conditionsmorenearlyapproach ing
thetheoretical requirements of perfectwork
ing, or, inotherwords,to produceartificially

45 adifferenceof magnetic phase by means of
acurrent from asmgleprimary sourcesum
cient inextent to meet the uirementa of

practicaland economicalwork g.
Incarrying out my invention I employ a

50motor with two sets of energizing or field

magnets, each wound with coils c onnected
with asource of alternating or rapidLv-vary
ing currents, but forming two separate iaths
or circuits. Themagnets of one set pre
teet to acertain extent from the cnergiaing
actionof thecurrent bymoans of amagnetic
sh ield or screen interposed betweenthem
not and its one sing~coil. Th is sh ield s

roperlyadapted thcconditionuof partieu
ar cases, so as to shield or protect the main cc
core from magnetizationuntil it has become
itself saturated and no longeron bleof con
taining all the lines of force I'ot needby the
current By this means itw ll beseen that
theenergizing actionb ins inthe roto eto d
set of magnets a certs n arbitrar iy-deten
mined period of time later than in theother.
and that by th ismeans alone or in conjane
tionwith other means or devices heretofore

employed apractically-economicaldifference
of magnetic phasemay readii be secured.
Thenatureand operation0 the invention

will bemore fully explained by reference to
theaecom anying drawings.
F igure is aviewof amotor,partiy insec

tion, with adiagram illustratln the luven
tion. Fig. 2 is a similar V iew 0 amod ifica
tion of the same.
InF ig. l,which exhibits thesimplest form

of the invention,AAis the field-magnetof a
motor, having, as ei ht poles or inwar dly
projecting cores am 0. Thecores ii form
oneset of magnetsand areenergized by cellsD. The cores 0, forming the other set, are

energized by coils E, and the coils are con
nected, rcferably, inserieswith oneanother,
in two erived or branched circuits F u , re

;p
ectivel fromasu itable sourceof current.
ach co 1 E is surrounded by a magnetic

sh ield II wh ich ispreferablyc ompose dof ananneal insulated, or ex dized iron wire

wra pod orwoundonthecells in thewarmer

ind osted, so as to form a closed magnetic
circuitaround thecoilsand between the sauna
and themagnetic coresC. Betweenthe p ole
feces or come B C is mounted the armature
,
wh ich ,as isusual in th is type of niaeli irms,

iswound with coilsLclosed upon themrmlves.

Theoperationm nlting from th is d ii mitiun
is as follows: If a current impulse be d i





meted th rough the two circ uits of themotor,
itwill quickly energize thecoresB, but not
so the C, for the reasonthat inpassing
through thecells E there is encountered the

5 influence of the closed magnetic circuits
formed by theshields H. The first effect is
to edectivel

'

retard the current impulse in
circuitG

,
w lieat the same time thepropor

tion of currentwhich does passdoesnotmag
to notice the cores 0, wh ich are sh ielded or

screened by thesh ieldsH. As theincreasing
electro-motive force thenurgesmore current
through the coils E,the ironwireH becomes
magnetically saturated and inca ableof car

15 rying all thelines of force, and once ceases

to protect the cores 0, wh ich become mag
netized, developing their maximum cfiect

after an interval of time subsequent to the
similarmanifestation

’

of stren h intheother

so set of magnets, the extent 0 wh ich is arbi

traril determined by the th ickness of the
sh iel H, and other well-understood condi

tions.

From theabove itwill be seen thatthesp
‘5 paratus or deviceacts intwoways. F irst,b

retarding the current,and,second,by reta
ing the etizationof oneset of the cores,
from wh io its effectiveness will readily ap
pear.

0 Man
y
modifications of theprinci leof th is

invent onare possible. One nests and effi

cientap licationof theinventionis shown in

Fig. 8. u said figureamotor is shownsimi
lar inall respects to thatabovedescribed,ex

35 eept thatthe ironwire H, wh ich is wrapped

around thecoils E, is in th is case connected

in series with the coils D. The iron-wire

coils H,are connected and wound, so as to

have little or no self- induction, and being
40 added to the resistance of the circuit F the

NIKOLATESLA.
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action of the current in that circuitwill be
accelerated,wh ile in theothercircuitG itwill
be retarded. Theshield H may bemade in
many forms, as willbe understood, and used
indifferentways,as appears from theforego
in description. I do not,however,limitmy
se f to any specific form orarrangement;but
W hat I claim is
1. Inanalternating-current motor having

twoenergizing
-circuits, thecombination,with

them etic cores and coils of oneof thecir
cuits,o interposedmagnetic sh ieldsorscreens
for retarding themagnetizationof said cores,
as set forth.
2. Inanalternating-current motor havin

twoenergizing -c ircuits, thecombination,wit
themagnetic cores and the coils of oneof the
circuits wound thereon, of m etic sh ields
or coils wound around said coi at rightan

gles to their convolutions, as set forth.
3. Inanalternating -current motor having

twoenergizing
-c ircuits, thecombination,with

themagnetic cores and thecoilsof oneof the
circuits which energizethesaid cores,ofmag
netic sh ields forming closed or netic circuits

around the coils and interpo between the
coils and cores, as set forth.

4. In analternating
-current motor having

two energizing-eircuitsderived from thesame
source, thecombination,with thecoresand the
coils of oneof the circuits that energizes the

same, of insulated iron-wirecoils wound on

the said energizing
-coils at right angles to

their couvolutions and connected up inseries
with thecoils of the other energizing

-circuit,
as set forth.
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To all whom it may concern

Be itknown that I, NIKOLATESLA, a sub
jectof theEmperorofAustria-Hungary, from
Smiljan, Lika, border country of Austria

5 Hungary, resid ing atNewYork, inthecounty
and Stateof NewYork,have invented certain
newand usefulImprovements inAlternating
Current Motors, of wh ich the following is a
specification,referencebeing had to thedraw
ings accompanying and forming apartof the
same.

Th is invention relates tothatclass of alter
nating

-current meters inwhich thefield-mag
nets are energ izedlg

coils connected up in
two circuits deriv from the same source

and having difierent degrees of self-i nduc
tion, whereby the currents in one circuit or

branch are retarded more than in theother,
with the result of producing a progressive

advance or rotation of the

g
oints of maxi

mum magnetic clrect in the old that main
tains thearmature in rotation. Inmetersof
this kind I have employed, among other

means, aself- inductioncoil inonecircuitand
a dead-resistance in the other, or I have se

cured the same result by the spec ial charac
ter of thewinding of the two circuits,and in

still another instance I have so constructed
themotor thattheretarded-currentcellswere
nearly inclosed by iron, whereby the self- in
duction of such coils was very greatly in
creased.

Theinventionsubject of thisapplicationis
an improvement onth is last-named plan.
In carry ing out the invention I construct

a deid-magnethaving 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
so say,with thepoles of oneset or field opposite
the s ces between the other. I then con

nectt efreeends of onesetof poles b means
of laminated- iron bands or bridge-

p sees of

considerably smaller cross-section than the
cores themselves, whereby the cores will all
form parts of complete magnetic circuits.
W hen the coils oneach set of magnets are
connected in multiple circuits or branches
from asourceof alternating currents, electro
motive forcesarccotup in or impressed upon
each circuitsimultaneously;butthe cells on

the magnetically bridged or shunted cores

will have, by reasonof the closed magnetic
circuits, a h igh self- induction, wh ich retards

the current, permitting at the beginning of 55
each impulse but little current to pass. On

the other hand, no such oppositionbeing en

countered in the other set of coils, the cur

rent passes freely th rough them,magnetizing
the poles onwh ich theyarewound. As soon, 60
however, as the laminated bridges become
saturated and incapableof carrying all the
lines of force,wh ich the rising electro

-motive
force, and consequently increased current,

produce, free poles
oaredeveloped at theends 65

of thecores,which ,acting inconjunctionwith
theothers, produce rotationof thearmature.
The construction in detail by wh ich this

inventionis illustrated is shownin theaecom

pan
y
ing drawings.

F g urc 1 isaview insideelevationof amo
tor embodying the invention. F ig. 2 isaver

tical cross-section of the same.
Aistheframeof themotor,which is prefer

ably built up of sheets of iron punched out 75
to thedesired shapeand bolted togetherwith
insulation of aproper character betweenthe
sheets. W hen complete, the framemakes a
field-magnet with inwardly-projecting pole
piecesBand C. To adapt them to the re 80

quirements of th is particularcasethese pole

pieces are out of linewith oneanother, those
marked B surrounding oneend of thearma
tureand theothers , as C, the opposite end,
and they are disposed alternately— thatis to 85
say, thepole

-

pieces of one setoccur in line
with thespacesbetweenthoseof theother sets.
ThearmatureD isof cylindrical form,and

is also laminated in the usual way and is

wound longitudinall with coils closed upon 90

themselves. Thepe e-

piecesC areconnected

or shunted by bridge-

pieces E. These may
bemade independently and attached to the

pole
-

pieces, or theymay beparts of theforms
or blanks stamped or punched out of sheet 95
iron. Their size or mass is determined by
various conditions, such as the strength of

the current to beemployed, themass or size
of the cores to which they areappplied, and
otherwell-understood conditions.

Coils F surround the pole-pieces B, and
other coils Garewound onthepole-

piecesC.
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These mils are counacusd 11: series in two
circuits,which are brushesetaerr-nut from a

gn u
-anu ct fim ngL-um nnauni. they

may be I ) wound, or the aspen
-Give c i r cui ts

that the circuit of coi ls G will have indo

other circui torbranch.
re Ths functienef tho sh u m or bridg ss li is

that they shall form wi th tiss cores t
‘

aclcsed

m atte circuit for a current up to aprede

h rninad strength, so thatwhensaturated by
neh snrm t and unable tc carry more lines

rsrt force than such a current produces they
will to no further appreciable extent inter

fernwith the development by astronger cur

mat of freemagnetic poles at theends of the
mm C.

so Inn eh amotor the current is so retarded
inthe soils G and the manifo tation of the
freemagnetism in thepoles C is delayed l»
yond ths of maximummagnetic eflcct

Ef
fie that a strong torque is produced

as themetor operates with approximately

pon r dm ina motor of this k indm by in spendently
-

generated curs

term differing by afull-quarter phase.
W hatI claim in th is application is

p 1. Inan simu lating-currentmotor hav ing W itnesses
in sets or series of lo-

piecss, the comb i Bon'r. lr‘. (in ’

h oan.
ration,with oneof suc sets or series, of mag PARKER W . PAGE.

‘u

netie shunts or bridges sonnet-ting thou“ free

ends.as hereinset forth .

3. Inan slternsnng
sourreu i mo tor mu m;

two sets or series of pole-piece»onu l
‘

u eu by

calls in independent OIN tlils fro m t me sh ine

senses, the oombiustiou.W i th one or the truth

or series of pole-

pieces, of inq ueu c sh unts»or

bridges connecting their f ree ends, as do

scribed.

3. Inanalternating
-ourreu t moto r hm m g

s laminated or subdivided field- imp ac t pro
vided with two sets or ser iss of euros or pole

pieces.thecombination.with such pole-

pieces.

of energizing-coils connected , respect:vely . in

two circuits derived from the same source of

slternating currents and lam inated or sub
d ivided ironshuntsorbridges ofanother c lose

section thanthe pole-pieces sud Jo i ning the

free ends of all thew res orpole
-piooes otone

set to torn: closed m netic c irc u i ts. as not

forth.

4 . Inanalternating -currentmoto r.the own

bination,
with s set or series of neid -

poles

and energizing-coilswound therw n.of an m

termed iste setof pole-

pieces (orunng po rtw i th

of closed magnetic circuits and oo iLs thereon
in a circu it derived from the same sonnoo o f

alternating currents as theot her,“ set forth

Ni h
'

m
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To all whom it may concern

Be it known that I, N IKOLATESLA, asub
jectof theEmperorofAustria-Hungary, from
Smiljan, Lika, border country of Austria

5 Hungary, residing atNewYork, inthecounty
andStateof NewYork,haveinvented certain
new and useful Improvements in Electrical
Transformers or InductionDevices,of wh ich
thefollowing isaspecification, reference be

xo ing had to the drawings accompanying and
torm

'

unapart of the same.
Th invention is an improvement inelec

tricel transformers or converters,and has for
itsmainobjects theprovisionof means forse

rs curing, first, aphase d ifference between the
primary and secondar currents adapted to

theoperation of my aternating-currentmo
tors and other like pn and, second, a
constant current for all oads imposed upon

so the secondary.
In transformers as constructed now and

heretofore it will be found that the electro
motive force of the secondary verynear! cc

incides with ,
that of the rimery, being, ow

zs ever, of o

pp
osite sign. t thesametimethe

on th primary and secondary, log bo
hind their respective electro-motive forces;
but as th is lag

‘

is practically or nearly the
same in the case of each it follows that the

30 maximum and minimum of theprimary and
secondary currents will nearly coincide, but
diner in sign or direction,provided the sec
ondary benot loaded or if it contain devices
havin the property of self-induction. On

35 the 0 or hand,the lag of theprimarybehind
the impressed electro-motiveforcemaybedi
minishedby loadingthesecondarywithanon
inductive or dead resistance—such as incan
descent lamps—wherebythetimeintervalbe

40 tween themaximum or theminimumperiods
of the rimary and secondary currents is in
creascdtThis time interval, however,is lim
ited, and the results obtained b phase dif
ference in the operation of snc devices as

45 my alternating-current motors can only be
approximately realized by such means of pro
ducing or securing this diaerence, as above
indicated, for it is desirableinsuch casesthat
thereshould exist between the rimary and

secondary currents, or those wh ch , however

produced,pass th rough thetwo c ircuits of the

motor, a diflersnce of phase of ninety de

grees; or, in other words, the current inone

circu it should bemaximum when that inthe

other circuit isminimum. Tomoreperfectly 55
attain to th is condition I obtain or securean

increased retardation of the secondar onr

reutinthefollowingmannerzlnsteadof ring
ing the primar and secondary coils or c ir

cuits of a trans ormer into the closest i 60

ble relations,as has h ithertobeendone, pro

toot inameasure the secondary from the in

ductiveactionor eflectof theprimarybysurb
rounding either theprimary or thesecondary
with acomparat-ively

-th inmagnetic sh ield or 65
screen. Under these conditions or circum

stances, as long as the primary current base
smallvalue, thesh ieldprotects thesecondary;
butas soonastheprimary currenthasreached
acertain strength ,wh ich is arbitrarily deter 7o

mined, theprotectingmagneticsh ieldbecomes
saturated and the inductiveaction upon the

secondarybegins. Itresults,therefore,thatthe

secondary current begins toflowatacertain
fractionof aperiod laterthanItwouldwithout 75
the interposed sh ield,and since th is retarda

tionmay be obtained without necessarily te
tarding the primary current also, an addi
tional lag is secured,and thetimeintervalbe

tween themaximum or minimum periods of 8e

the primar and secondary currents is ln
creased. ave further discovered thatsuch

a transformer may, by properly proportions

ing its several elements and determining in
amannerwellunderstood thepreper relations 85betweentheprimaryand secondarywind ings,
theth icknessof themagnetic sh ield,and other
conditions, be constructed to yield aconstant
currentatallloads. No precise rules can be

given for thespecific construction and pro 90

portions for securing the best results, as this
is a matter determined by experiment and
calculation in particular cases; but thegen

eral plan of construction wh ich I have de
scribed will be found under all conditions to 95
conduce to theattainmentof th is result.
In theaccompanying drawings I have illus

trated the constructionabove set forth.
F igure 1 is across-sectionof atransformer

embodying my improvement. Fig.2 isasimi roo





lar view of a mod i fied form of transformer,
showing diagrammatically the manner of

using the same.
AA is the main core of the transformer,

5 can of aring of softannealed and insu
h lm mdized iron wire. Upon th is core
is wound the secondary circuit or coil B B.

This latter is then covered with a layer or
layers of annealed and insulated ironwires

to C C,
wound inadirectionat right angles to

said secondary coil. Over the whole is then
wound the primary coil or wireD D. From
the nature of this construction it will soon

be obvious that as long as the shield formed
rs by the wires C is below magnetic saturation
thesecondary coilor circu it is effectually pro»
tected or sh ielded from the inductive influ

ence of the primary, although I would state
that onopen circuit it may exh ibitsomeelec
tro-motive force. W hen the strength of the

primary reaches a certainvalue, thesh ield C,
becoming saturated, ceases toprotect thesec
ondary from inductiveaction,and current is

in consequencedeveloped therein. For simi
35 lar reasons, when the

p
rimary currentweak

ens, the weakening o the secondary is re

tarded to thesameorapproximately thesame
extent.

Thespec i fic constructionof thetransformer
30 is largely immaterial. In F ig. 2, for exam

ple, the coreAis built up of th in insulated

iron plates or disks. The primary circuitD
is wound next the core A. Over this is ap

plied the sh ield C, which in th is case is made

35 up of th instrips or plates of iron properly
insulated and surrounding theprimary, form
ing a closed magnetic circuit. The secon

«was is wound over

r

th

l
e sh ield C. InF ig.

2
, a E is asource 0 a ternating or rapidly

40 changing currents. Theprimaryof thetrans NIKOLATESLA'

former is connected with the circu it of the W itnesses

generator. Ros-r. F. Gsrw an,
F is a two-c ircuit alternating

ocurrent mo PaaxsaW .PAGE.

tor, oneof the circu its being connected with
themain 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. Inan electricaltransformeror induction

device, the combination, with themainmag
netic core and the primary and secondary
coils orcircuits, of amagnetic sh ield orscreen

interposed between said coils, as herein set

forth .

2. Inanelectricaltransformeror inductive

device, the combination, with the magnetic
coreand the primary and secondary coils or
c ircuits, of amagnetic sh ield or screen sur

round ing one of said coils only, as set forth .
3. Inanelectricaltransformer or induction

device, the combination, with the magnetic
core and the primary and secondary coils
wound thereon,of amagnetic sh ield oraccess

wound onorbuilt uparound oneonly of said
coils, as described.

4. Inanelectricaltransformeror induction

device, the combination, with amain lami
nated magnetic coreand primaryand second
ary coils thereon, of a subdivided or lami

nated magnetic sh ield or screen interposed

between the coils, as set forth.
5. Inanelectrical transformer, the combi

nation, with a magnetic core and primary
and secondary coils wound thereon, of amag
netic shield or screen interposed between
said coils and surrounding one of them and

adapted to be or capableof being magnetic
ally saturated by a predetermined current

strength below themaximum intheprimary, 80
as set forth .
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To all whom it may concern

Be it known that I,NIKOLATESLA, asubjeci of theEmperor ofAustriaJIungary, from
Smiljan, Lika, border country of Austria
Hungary, residiu atNewYork, inthecounty
andStateof New ork, haveinvented certain
newand usefulImprovements inElectro-Mag
neticMotors,ofwhich thefollowing isaspecifi
cation,referencebeing had to thedrawingsac
companying and forming s part of the same.
Th is invention is animprovement inalter

nating
-currentmotors,and has for itsgeneral

objectto produceasingle-circuit.alternating
current torque-motor of economicaland sim

ple construction.

The nature of the inventionwill beunder
stood from the following statement.
Itiswellknownthatifamagneticcore,even

if laminated or subdivided,bewound with an
insulated coiland a currentof electricity di
rooted th rough the coil the magnetizationof

theentire core does not immed iately ensue,
themagnetizing edect not being exh ibited in
all parts simultaneously. This I attributeto
the fact that theaction of the current is to

energize first those lamina; or parts of the
core nearest the surface and adjacent to the
exciting-coil,and from thence theactionpro

gresses toward the interior. Acertain inter

val of time therefore elapses between the
manifestation of magnetism in the external

and theinternalsectionsor layers of thecore.
If thecorebe thinorof smallmass, this effect
may be inappreciable; but in the case of a
th ick core, or even of acomparatively th in
one, if the number of alternation or rate of

change of the current strength he very
greatthetime intervaloccurring betweenthe
mani festations of magnetism in the interior

of the coreand in thoseparts adjacent to the
coil is moremarked, and in the construction
of such apparatus as motors wh ich are de

signed to berun by alternating or equivalent
currents—such as pulsating or undulating
currents generally— I havefound itdesirable
and evennecessary togivedue consideration
to th is phenomenonand to makespecial pro
visions ia order to obviate its consequences.
Thespecific objectof my present invention is
totakeadvantage of th isactionor effect,and

by rendering itmorepronounced to utilize it

in the operation of motors ingeneral. Th is
objectI attainby constructing adeld-magnet

inwhich the parts of the core or cores that

exhibitatdifferent intervalsof timethemag
netic effect imparted to them by alternating
or equivalent currents inan energizing coxl

or coilsare so placed with relationto a rotat

ing armatureas to exertthereontheirattract
ive efl’ect successively in the order of their 60

magnetization. By th is means I secure a

similar result to thatwh ich I haveheretofore
attained in other forms or types of motor in
which by means of oneor more alternating
currents I haveproduced a rotation or pro

gression of the magnetic poles or points of

maximum attractionof the field of force.

In the drawingsIhaveshownasimpleform
of motor,which willserve to demonstratethe

principle of the mode of operation,wh ich I
haveabove described ingeneral terms.
F igure 1 is asideelevation of such motor.

F ig. 2 is a side elevation of amore practica
ble and efficient embodiment of the inven

tion. F ig. 3 is a central vertical section of

the same in the plane of theaxis.of rotation.
Referring to F ig. 1, let ! representalarge

iron core, wh ich may be composed of anum
ber of sheets or lamium of soft iron or steel.

Surrounding th is core is a coilY, wh ich is 80

connected with asourceEof rapidly-varying
currents. Let us consider new themagnetic
conditions existiu in th is core atany point,
as b, at onnear t e center, and any other

point,as a, nearer the surface. W henacur

rent- impulse is started in the magnetizing
coilY the sectionor part ata, being close to

the cell, is immediately energized, wh ile the
section or part at b wh ich , to use a conven

isnt expression, is protester by the inter
vening sections or layers between a and b,
does not at onceexh ibit ,tamagnetism. How

ever, as the magnetizatnon of a increases, b
becomes also affected, reach ing finally its
maximum strength some time later thana.

Upon theweakening of the current themag
netization of a first diminishes, wh ile b still
exh ibits its maximum strength ;but the con

tinned weakening of a is attended by asub
sequentweakening of b. Assuming thecur





rent to be an alternating one, awill now be

reversed ,wh ilebstillcoutinuesof thefirst
- im

parted polarity . Th is action continues the

magnetic conditionof following thatof ain

the manner above described. If an arma

ture— for instance, asimpledisk F ,
mounted

to rotate freely on anaxis— be brought into
proximity to the core, a movement of rota

tionwill be imparted to the disk, the d irce
tion depending u it its position relatively to
the core, the ten ency bein to turn the por

tion of the d isk nearest to t ecore from a to

b,as indicated in Fi 1. Th isactionorprin
c ipic of operation I aveembodied inaprac

ticable form of motor,wh ich is illustrated in

Fig. 2. LetAin said figure represent acir

eclar frame of iron, from diametrically-oppo
site points of the interior of which the cores

project. Each coreiscomposed of th reemain

parts B, B, and C,
and they are similarly

formed with a straight portion or body 8,
around wh ich the energizing

-coil is wound,a

curved arm or extension c, and an inwardly
projecting pole or end d. Each core ismade

up of two partsBB, with their polar exten

sions reach ing in one directionand apart Cbetween the other two and with its polar ex

tension reach ing in the Opposite direction.

Inorder to lessen inthe cores thecirculation

of currents induced therein, the several sec

tions are insulated from oneanother in the

manner usually followed insuch cases. These
cores are wound with coils D, wh ich are con
useted in the same circu it, either in parallel

or series,and supplied with analternating or

a pulsating current,preferably theformer,by
ageneratorE,

represented diagrammatically.
Between thecoresor theirpolar 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 th is general class.

The Operation
'

of th is motor is as follows :
W hena current impulse or alternation is di
rected th rough the coils D, the sectionsBB
of the cores, beingou thesurfaceand inclose

proximity to the coils, are immed iately ener
gized. The sections C,ontheother hand, are

protected from the magnetizing influence of

the coil by the interposed layers of ironBB.

As the magnetism of BBincreases, however,
the sections 0 are also energized ;butthey do
not attain thei r maximum strength until a

certain time subsequent to theexh ibition by
the sectionsBBof their maximum. Upon
theweakening of the current the milgnetic
strength of BBfirst d iminishes, wh ile the
sectionsC havestilltheirmaximum strength ;
butas BBcontinue to weaken the interior

N IKOLATESLA.
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,
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sections are similarly weakened . BBmay 60
then begin to exh ibit an opposite polarity,
wh ich is followed later by a sim ilar change

on C , and th is actioncontinues. BBand C
may therefore beconsidered asseparatefield

magnets, being extended so as to act on the 65
armature in the most efficient positions, and

the effect i s similar to that inmy other forms

of motor—via
,
a rotationor progression of

themaximumpoints of thefield of force. Any
armature—such , for instance, as a d isk
mounted in th is field would rotate from the

pole first to exh ibit its magnetism to that

wh ich exh ibits it later.

It is evident that the principle herein de

scribed may be carried out in conjunction 75
with other means, such as I have elsewhere

set forth , for securing a more favorable or

emcientaction of the motor. For example,
the polar extensionsof thesections C may be
wound or surrounded by closed coils L,as in 80

dicated by dotted lines in Fig.2. Theeffect
of these coils will be to still more efiectively
retard the magnetization of the polar exten

sions of C.

I do notwish to be understood as limiting 85
myself to any particular constructionof th is
form of motor,as thesame principleofaction
or operationmay be carried out in a great

variety of forms.
W hat 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 95
mounted with the influence 'of the fields of

force produced by said parts, as set forth .

2. Thecombination, in an alternating -cur

rent motor, of a rotating armature, a field

magnet composed of a coiland a core with 100

two sections
’

in proximity to the coiland an

inner section between the same, the sectionsbeing formed or provided with polar projec
tions extending incppositedirections overor

around thearmature, as set forth .

3. The combination, in an alternating-cur

rent motor, of a rotating armature, a frame
and field-magnets thereon, each composed of

anenergizing
-coilwound around acoremade

up of outer and inner or protected magnetic n o

sections, each of wh ich is formed orprovided
with independent laterally extended pole

pieces or projections, as herein described.
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To all whom it may concern.

Be it known that I, N IKOLATEsLA, a sub

jcetof theEm rorofAustria-Hungary, from
Smiljan,Lika,
gary, residingatNewYork, inthecountyand
Stateof NewYork,have inventedcertainnew
and usefulImprovements inElectro-Magnetic
Motors, of wh ich the following is a specifica
tion, reference being had to the drawings se

ro companying and forming a part of the same.

30

30

35 ’

Among the various forms of alternating
enrrentmotors invented by me is one wh ich
I have described in other applications, and
which isconstructed as follows: Ibuild afield
core with, say, four poles, between wh ich is
mounted anarmaturethat isgenerallywound
with closed coils. On two of the opposite

poles of the field I wind primary coils,which
are connected up inthemaincircuit. Onthe
same cores I alsowind secondary coils,wh ich
are closed through coils on the other pai r or
set of poles. In th ismotorwhenanalternat
ing current is caused to pass through thepri
mary coils it energizes directly one set of

poles and induces currents in.the secondary
coils, wh ich act to energize the other poles;
but the phases of the current in the second
ary coils may differ in tlmefrom thoseof the

primary current,and hencearotationorsh ift
ing of the poles is effectedthat imparts rota
tion to themotor.
Thesemotors may be constructed inmany

other ways; but forpurposesof this case it is
only necessary to consider the specific

‘

form
which I havethus generally described,as my
improvements relatemainly to such form.

The object Of my present invention is to
render th is form of motor more efficient and
to improve its actionor mode of Operation.

In the motors c onstructed in accordance

with th is principle I bring two energizing
c ircuits into inductive relation in themotor

itself—that is to say, the secondary currents
which energize one set of the field-cores are

induced inthemotor itself, and theemploy
m ent of anexternal inductiondevice is thus

avoided. TheOperationof thesemotors, how
ever, is de ndent upon the existence of a

certaindi erence of phase between the cur
rents in the rimaryand seconds coils. To
obtain a di erence '

of phase or ag that is

rdercountryofAustria-Hun

suited to working conditions is the specific

object of my present invention.

The following explanations will serve to

illustrate the principle uponwh ich said in

vention is based. I.et it beassumed thatan
ord inaryalternating-currentgenerator is con
nected up ina circuit of practically no self

induction, such, for example,asacircuitcon
taining incandescent lamps only. Ontheop
eratiou of themach ine alternating currents
willbedeveloped inthecircuit,and thephases

of these currents will theoretical! coincide

with the phases of the impressed eeetro
-mo

tive force. Such currents may be regarded

and designated as the unretarded currents.
”

It will be understood, of course, that in

practice there is always more or less self-ia
duction inthecircuit,wh ich modifies toacor

responding extent these conditions; but for

convenience th is may be d isregarded in the

considerationof the principle of operation,
since the same laws apply. Assume next
thata ath of currents be formed across any
two po nts of the above circuit, consisting,
for example, of the primary of an induction
device. The phases of the currents passing
th rough the primary, owing to the self- in

ductionof the same, will not coincide with

the phases of the impressed
°

electro~motive so

force, butwill lag beh ind the same, such lagbeing d irectly proportional to the self- induc
tionand inversely proportionalto the resist
anceof the said coil. The insertionof th is
coilwillalso cause a lagging or retardation

of the currents traversing and delivered by
thegenerator beh ind the impressed electro

motive force, such lag being themeanor re

saltantof the lag Of the current through the

primary aloneand that of what I have des
ignated the unretarded current in the

entire work ing - circuit. Next conside the

conditions imposed by the association (a in
ductive relationwith the primary coil of a

secondary coil. Thecurrentgenerated inthe
secondary coilwill react upon the primary
current, modifying the retardation of the

same, according to theamount of self- induc
tion and resistance in the secondary circuit.
If thesecondary circuit have but little self
induction—as,

'

tor instance, when it contains
incandescent lamps only

—itwillincreasethe
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To all wh om it may concern

Be it known that I.N IKOLATESLA, a sub

jcet of theEmperor ofAustria. fromSmiljan.
Lika, bordercountry o fAustria-Hungary.and

s resid ing at New York.inthecounty and State
of New York. have inventedcertainnew and
usefulImprovements inEle

ctro-Magnetic Mo
tors. of wh ich the following isaspec ification.
reference being bad to the accompanying

to drawings.

The subjec t or my present invention is an
improvement primari ly des igne d forapplica
tion to altem ating

- current motors of the

special type invented byme,sad ofwh ich the
Isoperation is due to the action of alternating
currents d i ffering in phase and directed
through or developed in independent ener

gizing
-c ircu its in the motor, arid causing a

shifting or ro tation of the magnetic poles or

20 their resultant attractive forces upon the ro

tating element or armature.

My improvements are based upon certain

laws governing theactionor effects produced
by a condenserwhenconnected to anelectric

’Scircu it th rough wh ich analternatingor ingen
eral an undulating current is made to pass.
Someof theseeflects,and thosemostimportant
inconnectionwith my invention,areasfollows:
First, i f the terminals orplatesofacondenser

3° be connected with two points of a circuit,the

potentials of wh ich are made .to riseand fall
inrapid succession, the condenserallows the

passage or, more strictly speaking, the trans
ferrence of a current, although its plates or

35 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-motiveforce; second,
if a c i rcuit the ter minals of wh ich are con

;o nected with the plates of the condenser pos
sess a certain self- induction, the condenser
will overcome or counteract to a greater or
10“ qe

o
gl

‘

ee, dependent up onwell-understoml
cond i tions, the c iTc-cts of suc h snlr im h n - V

ty i r dr i f two Ilfl i lll
‘~ t ) Plum-n:

c tr
-
c uit tin-

nu

g
ri ll ing M '

J
'

a
I h e 1 .

and operation of my motors as by produc ing
a di fference in phase in the two cncnzm ng

c ircu its o f an alternatingwurrc ut motor by QQ

connec ting the two c ir
cuits in dc rnatlonand

connecting ups condenser in ser ies inonc ol
’

the c irc uits : but such applications seem to be

obv ious to one familiar with mv motom and

the facts above enumerated.

I My present improvcmenta hmvc vc r.possess

certain novel features of practical value and

involvea knowle dg e of facts less generally
known.

'

l
‘

hese improvements compris e the

use of a condenser or condensers i ll connec o <

tion w ith the induced or armature c irc u it or
'

amotor and certain details of the w ustruc

tion of such motors. In an alt ernating
-cur

rent motor of the type to wh ich I have par

ticularly referred above.or inany othe
r wh ich

has an armature coil or cir cu it closed up on

itself, the latter represents not only an in

ductive resistance, but one wh ich is period i

cally varying in value, both o f wh ich facts

complicateand renderd ifilcnlt theattaimuent 75
of the conditions best su ited to the most c il i

c ient work ing of the motors. The omsi cm
c ieut work ing cond itions, in other wor ds. c c

qu ire, first, that for a given induc tive c lIcct

upon the armatur
ethere should be the great

est possible current thr ough the armature or

induced coils, and, second, that there should

always exist between the currents in the en

erg izing and the inducedc ircu its a g iven r c

lation of phase. licnce whatever tends to

decrease the self- induction and increase the

current in the induced c ircuits w ill
,
other

th ings being cqual, increase the output and

effic iency of the motor, and the same w ill be

true of causes that operate to maintain the no

mutual attractive effect b etween the field

magnets and armature at its lllll \ illllllll. l

se cure these results by connecting w ith the

induced c irc uit or c irc u itsa condenser, inthe

manner hereinafter desc ribed , and 1 also , of,
rth th is purpose in vicu . cons truc t the mo

r III a spec ialmanner.

Referring to the d rawings fo r a p arti c ular

desc ription O f the inventi on, F i g u ri l is a

mg rammatic ,
of analternating

to wh ich my pr
esent ruvcntion

l
'

Ig. is a central section. inlrnc
- lmi

'

t,of ll Spoc iulform o f armaturc

laptcd to the invention.





similar sectionof amodificationof the same.
aone of the sections of the core de

5 is a d iagram showing amo di

fied disposition of armature or induced c ir

5 coin.

Thegeneral plan of the invention is illus

trated m F ig. l. AA in th is figure repro

sent the frame and field-magnets of analter

nating -current motor, thepolesor projections
to of which arewound with coils B and C, form

ing independent energizing-circuits connect

cd eithcrto thc someor to indepcndentsources
of alternating currents, as is nowwell under

stood, so that the currents flowing
'

through

rs the circuits, respectively, will have a didor
ence of phase. W ith in the influence of th is
field is anarmature-coreD, wound with coils
F. Inmy motors of this description hereto
fore these coils have been closed upon them
selves, or connected inaclosed series; but in
the present case each coilor the connected
series of coils terminates in the opposite

plates of a condenser F. For this purpose
theends of the

'

series of coils arebroughtout
35 through theshaft to collecting-ringsG,

wh ich
are connected to the condenser by contact
h rushes H and suitable conductors, the con
denser being independent of the mach ine.
The armature-coils are wound or connected

3a insuch manner that adjacent coils produce
oppfl ito min es

Theactionof th is motor and theelect of
the plan followed in its constructionareas
follows: The motor being started inOpera

35 tionand the coils of the field-magnets being
traversed by alternating currents, currents
are induced in thearmature-coils by one set
of field-coils, asB, and the poles thus estab
lished areacted u n by theother set, as 0.

4c The armature- cc is, however, have necessa
rily a high self -induction, wh ich appease the
flow of the currents thus set up. The con
denserFnotonlypermitsthepassageor trans
ferrence of these currents, but also counter

45 sets the effects of self- induction, and -by a

proper adjustment of thecapacity of thecon
denser,theself - inductionof thecoils,and the
periods of the currents the condenser may
he made to overcome entirely the effect of

so the self -induction.
It is preferable onaccount of the undesir

ability of using sliding contacts of all kinds
to associate the condenserwith thearmature
directly, or make ita partof the armature.

55 Insome cases I build up thearmatureof ou
uclar plates K K, held by bolts L between
heads M, wh ich are secured to the driving
shaft, and in the hollow space thus formed I
placeacondenserF,generallybywinding the

cc two insulated plates thereof spirally around
the shaft. Inother cases I uti lize the plates
of the core itself as the plates of the con
denser. For m a

g
ic, in Figs. 3 and 4, N is

the driving-shaft, M are the heads of the
65 armature-core, and K K

'
the iron latcs of

which thecore is built up. Thesep teeare
insulated fromtheshaftand from oneanother,

and areheld together by rods er boltsL. The
bolts pass through a large hole in one plate

and a small hole in the one next adjacent, 7c

and so on, connecting electricallyall of plates

K, as one armature of acondenser, and allof

plates K
’
as the other.

To eitherof thecondensersabovedescribed
thearmature-coils may

'be connected, as ex 75

plained by reference to F ig. 1.
Inmotors inwh ich thearmature-coils are

closed
°

upon themselves—as, for example, in
any form of alternating

- current motor in

wh ich one armature coil or set of coils is in 80

thepositionof maximum inductionwith te

spect to thefield coils orpoles,wh iletheother

is in thepositionof minimum induction
— the

coils are preferably connected in one series,

and two points of thecircuit thus formed are 85bridged by a condenser. Th is is i llustrated
in Fig. 5, in wh ich E represents one set

of armature- coils and E
'
the other. Their

points of union are joined through a con

denser F. It will be observed that in th is 90

disposition the self - induction of the two

branches E and E’
varies with their position

relatively to the field -magnet, and that each

branch isalternatelythepredominating sour
ee

of the induced current. Hence the effect of 95
thecondenserF istwofold. F irst, itincreases

the current in ea
'

eh
,
of the branches alter

nately, and, secondly, it alters the ph raseof
the currents in the branches, th is being the
welloknown edect wh ich results from such a too

disposition of a condenserwith a circuit, as
above described. Th is eflect is favorable to
theproper working of the motor, because it
increases the fiow of current inthearmature

circnits due to agiven inductive effect, and 105
also because itbrings morenearly into coin

cidence themaximum magnetic efiects of the

coacting field and armature-

poles.
It will be understood, of course, that the

causes thatcont-ribute to theemciencyof con 1 to

dousers whenapplied to such uses as above
must begivendueconsideration indetermin
ing the practicability and efiiciency of the
motors. Chief among these is, as is well
known, the periodicity of the current, and r i s
hence the improvements which I have h ere
in

‘

described aremoreparticularly adapted to
systems inwh ich avery high rateof alterna
tionor change is maintained.
Although th is inventionhasbeenillustrated r30

herein inconnectionwith a special form of
motor, itwillbe understood that it is equally
applicable to any other alternating

-current
motor in wh ich there is a closedarmature
coxlwherein the currents are induced by the 1 35
actionof the field, and, furthermore, I would
state that the feature of utilizing the plates
or sections of amagnetic corefor forming the
condenser, I regard as applicable, generally ,
to

t

other kinds of alternating-current appa 130
ra us.

Having now described my invention,whatI claim is
1. Inanalternating -currentmotor

, thecom





4 5

bination, with the field -magnets and energiz

ing
-circuit, of anarmature-circu it and acore

adapted to be energ ized by currents induced
in its c irc uit by th e currents inthe field-c ir

cuit,and s condenserconnected with thearms
ture circuit only. as set forth .

2. Inanalternating
-currentmotor, thecombination,with armature-coils in inductivere

lation to the field and connected in a closed
circuit, of a condenser bridging said c ircuit,
as set forth .

3a Inanalternating-currentmotor,thecombination, with anarmatureand two energiz
ing

-circuits formed by coilswound thereonin
d ifi

’
erent inductive relations to the field and

joined ina continuous or closed series, of a

condenser the plates of wh ich areconnected,
respectively, to the junctions of the c ircu its

or coils, as set forth .

1
. Inanalternating

- currentmoto r, thecom

bination, with the induced energizing coil or
coils of the armature, of a condenser con

useted therewith and madeapart of
'

the ar

mature or rotating elementof themotor.
6. Inanalternating

-currentmotor,thecombination, with anarmature-core composed of

insulated conducting-

plates alternately con
nected to formacondenser,of an induced on
ergizing coil or coils wound thereonand con

useted to the plates or armatures of the said

condenser.

6. Amagnetic core for alternating-current
apparatus, composed of plates or sections in

sulsted from each other and alternately con
nected to form the two parts or armatures of

a condenser.
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To all wh om it m ay
Be it known that I, Nmom TESLA, a sub

ject of theEmperor of Austria, from Smiljan,
Lika, border country ofAustria-Hungary ,

te

5 siding at New York, in the county and State
of New York, have invented certainnew and
useful Improvements in Electro Magnetic
Motors, of which the following is a spec ifica

tion,
reference being had to thedrawings se

companying and forming a part of the same.

As is well known, certain forms of alternat
ing

-c urrentmac h ines havetheprops rty,when
connected in circuitwith an alternating

-cur

rent generator, of running as amotor in syn
chronism therewith ;butwh ilethealternating
current W ill run the motor after it has at
tained a rateof speed synch ronous with that
of the generator it willnotstart it. Hence in
all instances heretoforewhenthese synchro

nixing motors,
”
as theyare termed, havebeen

run
,
somemeans have been adopted to bring

the motors up to synch ronism wi th the gen

erator
, or approximately so, before the alter

nating current of the generator is applied to

Inan application filed February 18, 1889,
SerialNo. I haveshownand described
an improved system of operating th is class

of motors, which consists, broadly, in wind

p ing or arranging the motor in such manner

that by means of suitable switches it could

be started as amultiple-circuit motor, or one
operating by a progression of its magnetic

poles, and then, when up to speed, or nearly
so, converted into anordinary synch ronizing
motor, or one inwh ich the magnetic poles

were simply alternated. In some cases, as

when a large motor is used and when the

number of alternations is very h igh , there is

so more or less difiicnltyjnb ringing the motor

tespeed as a double or multiple-c ircu it mo

tor
,
for theplanof constructionwhich renders

the motor best adapted 'to run as a synch ro

nixing motor impairs its efiiciency as atorque

or double-c ircuit motor under the assumed

conditions on the start. Th is willbe read ily
understood

,
for in a large synch ronizing mo

tor the length of themagnetic circu itof thepo
larprojectionsand theirmassareso greatthat
apparently considerable time is required for
magnetization and demagnetization. Hence

100

with a current of a very h igh number of al

ternations the motor may not respond prop
erly . To avoid th is objection and to start up
a synch ronizing motor in wh ich these cond i

tions obtain is the object of my present ia
vention. l have the r

efore comb ine dtwo inc

tors, one a synch ronizing motor, the other a

multiple
- c ircu it or torque motor, and by the

latter I bring the first named up to speed,
and then either throw thewhole current into

the synchronizing motor or operate jointly
both of the motors.

Th is invention involves several novel and

useful features. It will be observed. in the

first place, that both motors are run without

commutators of any kind, and, secondly, that
the speed of the torquemotor may be h igher

than that of the synchronizing motor, as will

be the casewhen it centaine a tower number

of poles or sets of poles, so that themotorwill

bemoreread ilyand easilybrough tup tospeed.

Th irdly, the synch ronizing motor may becon

structed soas tohaveamuch morepronounced

tendency to synch ronism without lessening
the fac ility with which it is started.

In the drawings I have illustrated the in

vention.

Figure 1 is a part s
ectional V iewof the two

motors;F ig. 2,an end view of the synchroniz 80

ing motor; Fig. 3, an end view and part sec

tion of the torque or double~c ircu it motor;
F ig. 4, a diagram of the circu it connections

employe d; and F igs. 5 , 6, 7, 8, and 9 are diap

grams of modifieddispositions of thetwo mo

Inasmuch as neither motor is doing any
work wh ile the cu rrent is acting upon the

other, Iprefer to rigidly connect the twoarma
‘

tures. I thereforemount both upon thesame

shaftA the field-magnets Bof the synch ro

nizingand C of thetorquemotorbeingsecured

to the same base D. The preferably larger
synch roniaing motor has polar projections on
its armature,wh ich rotate in very closeprox

imity to the poles of the field, and in other

respects it conforms to the conditions, now

well understood, that are necessary to secure

synchronous action. I prefer, however, to

wind the pole
-

pieces of the armature with

closed coils E, as th is obviates the employ
ment of slid ing contacts. The smaller or





torque motor, on the other hand, has, preter

ably, a cylindrical armature F ,
without polar

projectionsand wound with closed coilsG,as

I have described in my revious patents,

notably No. dated J ay I, 1888. The
field-coils oi

'

the torque motor are connected

up in two series H and I,and the alternating
currentfrom thegenerator is d irected th rough

or div ided between these two c ircuits inany
manner to produceaprogression of thepoles

or points of maximum magnetic siTect. I
secure th is result in a convenient way by
connecting the two motor

-c ircuits in deriva

tionwith the c ircuit from the generator, in

serting in one motor-circuit a dead resist

ance and in theotheraself- induction coil, by
wh ich means a d ifference in phase between

the two d ivisions of the current is secured.

If both motors have thesamenumber ordeld
poles, the torq ue motor for a given number

of alternations will tend to runat doublethe

speed of the other, for,assum ing the connec

tions to be such as to givethebestresults, its

poles are divided into two series and the

numberof poles is v irtually reduced one
-halt,

wh ich being acted uponby the same number
of alternations tend to rotate the armature

at twice the speed. By th is means the main
armature is more easily brough t to or above

the required speed. W hen the speed ne
ces

sary for synch ronism is imparted to themain
motor, the current is sh i fted from the torque
motor into the other.

Aconvenientarrangement forcarry ing out

th is invention is shown in F ig . In said

figure J J are the field
-coils of thesych roniz

ing , and II I the field -coils of the torque,mo
tor. LL'are the conductors of the main
line. One end of, say, coils i i is connected to

wireLthrough a self- induction coilM. One

end of the other set of coils I is connected to
the same w ire through a dead resistance N .

The Opposite ends of these two c ircu its are

connected to the contactm of a switch the

handleor lever of wh ich is inconnectionwith
the line-wireL'. One end of thefield - c ircu it

of the synch ronizing motor is connected to

thewireL. Theotherterminates intheswitch
contact n. F rom thediagram itwillbe read
ily seen that it

'

the lever I’ be turned onto

contact m the tor que motor will start by
reason of thedifferenceof phasebetweenthe
currents in its two energ izing-c ircuits. Then
when the desired speed is attained if the le
ver 1’ be sh ifted onto contact n the entire
current willpass through thefield

-coils of the
synch ronizing motor and the other will be
doing no work.

The torque motor may be constructed and

operated in various ways, many of wh ich I
have described inotherapplications;butI do
not deem it necessary in illustration of the

princ iple of constructionand mode of opera
tionof my presentinvention to describe these
further herein. It is not necessary that one
motor be out out of c ircu it wh ile the other is

in, for both may be acted upon by the cur
rentat the sametime,and I have devised va

rions dispositions or arrangements of thetwo

motors foraccomplish ing th is. Someof these
arrangements are illustrated in F igs. 5 to 9.

Referring to F ig. 5 , ,

let T designate the

torque or multiple
-c ircuit motor and Sthe

synch ronizing motor,LL
'being theline-wires

f rom a source of alternating current. The
two c ircuits of the torquemotor of d itterent

degrees of self- induction, and designated by
N M,are connected in

‘ derivation to thewire

L. They are then joined and connected to

the energizing-circuit of the synch ronizing
motor, the Opposite terminal of which is con

nected to wireL’. The two motors are thus
in series. To start them I short- circuit the

synch ronizing motor by aswitchP’, th rowing
the whole current through the torquemotor.

Thenwhen the desired speed is reached the

switch P’ isopened,sothat thecurrentpasses
th rough both motors. In such an arrange

ment as th is it is obviously desirable for
economical and other reasons that apreper

relationbetweenthespeedsof thetwomotors
should be observed.

In F ig.0another disposition is illustrated .

Sis thesynchronizing motorandTthetorque
motor, the c ircuits of both being inparallel.
W is acircuitalso inderivation to themotor

circuits and containing a switch P”
. S’ isa

switch inthesynchronizing-motorcircu it. On

the start the switch 8
’
is opened, cutting out

the motor S. ThenP"is o

p
ened, throwing

the entire current through t 0 motor T, giv

ing it a very strong torque. “Then the de
sired speed is reached, switch 8

’
is closed and

thecurrentdivides betweenboth motors. By
means of switch P” both motors may be cut

out.

In Fig. 7 -thearrangement is substantially
the same,exceptthat a switch T

’
is placed in

the circuitwh ich includes the two circuits of

the torque motor.

F ig. 8 shows the two motors in series,with

a shunt around both containing aswitchST.

There is also a shuntaround the synch roniz

ing motor S,with a switch P
’
.

In Fig. 9 the same d isposition is shown;
but each motor is provided with a shunt, in
wh ich are switchesP’

and T
”

, as shown.

The manner of operating the systems will
be understood from the foregoing descrip
tions.

I do not claim herein the ter uemoto rnor
any part thereof, except in so ar as they en:
ter into thecombinationwh ich forms thesub
jcet of th is application, for I have made the
d istinguish ing featuresof said motor thesub

jcet of other applications.
W hat I new claim is
1. An alternating

-currentnon-synch roniz
ing electric motor coupled with a synchroniz
ing alternating

-current motor, substantially
as set forth ,

whereby the former starts the
latter and th rows it into synchronism with
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its actuating
-current, and switch mechanism

for directing the current th rough either orboth of the motors, as set forth .

The combination of two motors the ar

5 matures of which aremounted upon thesame
shaft,oneof said motorsbeing analternating
current torque motor, or one in wh ich the
magnetic points or poles are progressively
sh ifted by the action of the energizing-cur

xc rent, the other moto r being an alternating
currentsynchronizingmotor,and switchmech
anism for directing thecurrentthrough either
or both of said motors,as set forth .

3. The combination, with an alternating
15 current synchronizing motor having one en

ergizing
-deld,ofanalternating-currenttorque

motor having a plurality of energizing-cir

cuits andadapted to be operatedby currents
differing in phase,and a switch for d irecting

to thealternating current 01 currents through

the several c i rcuitsof one motor or the single
circuit of the other, as and for the purpose
set forth .

4. The combination, with an alternating
:5 current motor having neid-cores wound with

coils adapted to be connected to a source of

alternating currents and anarmaturewound
with induced coils closed uponthemselves, of

W itnesses
(Moses N .Mouse,
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a starting device forbringing saidmotor into
synchronism with the generator with wh ich

it-is connected.

5. The combination, with an alternating
current motor composed of a multipolar al

ternating neld-magnet,and anarmature hav

ing poles wound with coils closed uponthem

selves, of a starting device,as set forth .

6. Inanalternating-currentmotor,thecombinationof afield-magnethaving poleswound
with coils adapted when connected with a

source of alternating current to produce si

multaneously opposite magnetic polarities

and an armature provided with poles or pro

jections and wound with coils connected in

a continuously-closed unconnected circu it,as

set forth.

7. The herein-described method of Operat

,ingalternating
-currentmotors,which consists

inactuating a moto r by an alternating cur

rent to bring a second alternating current

motor up to synchronizing speed relative to

theactuating-current and thenswitch ing the

synch ronizing moto r into circu it.
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rents. As the condenser capacity wh ich is
needed inany particular motor of th is kind
is dependent upon the rate of alternation or

the potential, or both , its sizeor cost, as he

5 fore explained, may be brough t with in 660

nomical limits for usewith the ordinary cir

cuits if thepotential of thesecondary circuit
in themotor be sufiiciently h igh. By giving
to the condenser proper values any desired

diaerenceof phase betweenthe primary and
secondary energ izing circuits may be ob
fained.

W hat I claim is
Inanalternating-cnrrentmotorprovided

with two or more energizing or field circuits,
one of which is adapted for connectionwith

a source of currents and the other or others
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ininductiverelationthereto,thecombination,
with thesecondary or induced circuit or cir
cuits,pf acondenser interposed in the same,
as set forth .

2 . Iujanalternating-currentmotor,thecombinationof two energizing-circuits, one con

nected oradapted forconnectionwith asource

of alternating currents, the other constitut

ing a h igh -

potential secondary circuit in in
ductive relationto the first, and acondenser

ir
ate

fi
posed in said secondary circuit, as set

crt


