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TO ALL WHOM IT MAY CONCERN: -

Ba it known that I, Nikola Tesla,of Smilsan Lika
it Araslsnsy b Rokinosy = he .&no.-/w,ﬂ--,,u-..(.i-&-b fa-m:-.,%“
Border country of Austro HungaryAhavo invented an Improve:
ment in Dymamo Elsetrie Machines of which the following is
a specification: -

The objeet of my invantion is to provide an im-
proved mathod for regulating the current on dynamo elactrie
machinas,

In my improvement I make use of two main brushes to
which the ende of ths helices of the fiald magnsts are con-
neectdd and an auxiliary dbrush and a branch or shunt eon-
nection from an intermsdiate point of the field wire to the
auxiliary dbrush. The relative positions of the respactive
brushes are varied either automatically or by hand, se
that the shunt becomes in-operative wvhenm the auziliairy
brush has a e¢srtain position upoa tha esaautator; bdut when
said auxiliary dbrush is moved in its relation to the main
bruahes or tha latter are moved in their rolation to the
auxiliary Brush, the eleetrie conditiom is disturbed and
mcre or less of the current through the field helices e
diverted through the shunt, or a current passad over sald
shunt to the field helices. By varying the rolative pog=
ition upon the commtator of the respective brushes auto=
matically in proportion to the varying electrical condition
of the working circuit the current dsvelopad can beé rogula~
ted in proportion to the demande in the working circuit.

Devices for automatically moving the brushes in



dynamo sleectrie machinos are wseill xnowr;, and thoss made use
of in my machine may be of any d:sirsd or known character.

In the draving:

Fig.1l is a diagram fl1lustrating my invention show=-
ing one core of thafield magnets with one helix wound in
the same direetion throughout.

Figese 2 and 3 are diagrams showing cno core of the
£i91d magnots with a portion of the nalices wound in oppos-
ite direections,

Figs. 4 and 5 are diagrams illustrating ths eleg~
trie davices that may be smploysd for automatically adjuste
ing ths brushos and

Pig. 6 is a diagram illustrating the positions of
the brushes when ihs machine is being energised on the start.

Pigs. 7, 8, 9, 10 and 1} are diagrams that furthar
11lustrate my invention as hereafter described.

8.and b are positive and negative brushes of the
main or working eireuit, and ¢ the auxiliary dbrush. ZThe
working eireuit D, extonds rrom the brushes a aid b, as usual
and contains @lestrie lamps or other dovices D-1 oither
in series or in mluplo?‘ire ¥, -1 rdpresont the rfilae
hollcoc. tho ondo of 'hlch are connseted to tho main brushew
&,and b. : fh. branch or shunt wire ¢-1 ottondo from tho
auziliary viieh e,to the: eireuit of 'ha*riald helicos :%d
is connscted to the sams at an intermediate point X. H_
ropresents the commitator with the plates of ordinary con-

struction,



It is now to be understood that when the auxiliary
bru_,h s. ogupio. _:such a poaitiqg_: upon the commut ator that
the olsciro-mplive foree batwsen the brushes ¢ and b as
the resistance of the circ_u!.t a8, X, e-1, g.i; to the re-
sigtanes of the gircuu:g. M-1; 61, 2." B, the potentisls of
the points X and Y will b; oq@l and no current will flow
over the a.u:iuary brnch, but when thibrush e, ocenpiu. s
airferent ;ou.tion, the potouti.sls of ¢ :hs points X and Y
will b* differant: and a eurpent will flow ovar the Juzil-
fary dbrush;to or from the commutator, éecording to thé’rel-
ative pouuoa of the brushes. If a;or instaneo the eon-'
mutator spaceo betwssn the bru‘hn a and . when tho uttor
is at the ﬁntnl plut*ﬁh uuum«?’. enrront wu?
rlo' from the point Y over the shunt ¢.to the brush > t.hno

ctr—mgtheng. the eurroqg in the part l-l. and partly"

tralizsing the currint in the part N; but if the spsce b=
tween the brushes a and ¢ is inereased, the current uu
flow over. @o muhryégrmh in an opposite diroetio@am
the curront ln l will be strengtheoned and in Il-l partly

noutruiud. By combining with the drushes .. b, and c aay

kuon autonjftu roguut}% mdhanhn, ﬁo eurrent dovol
can be regulated in proportion to the demands in the 'orkﬂ--
ing eireuit.

The parts M and M-1 of the fivld wire may ba sound
{n the sams dirution, (Ln this case thoy are arranged as
shown in Pig. 1 or the part N may be wound in the oppg”d.to

direction as shown in Pigs. iud &)



It will be a.pparept that the reospsctivs cores of
the ";.leld nﬁg.gmta' aro cul;.)ect.ed to thd nautralisging or in-
tensifving effects of the eurrent in the shunt through e~-1
and gxa mggotimb’gr the _:;fore- w{iﬁll be Qgrtial!y noutraliged
or thy point of groatest magnet i:ll shiftaed, so that it will
be more or luc remote rron or approa.chi.ng to, the armtuﬂ,
and hence thi aggragate ouorguing act Len. of the ti.olcf
magnots on the armatures will ba corraspondingly varied.

In the fol"l%}ndlcatod i.n_&l“?lg. 1 the reg%htlon is orrogod

by shifung the point of groatsst magnotism, and in Piga._a
and 3 the sams effact is produced by the action of the éur-
rent in thoéihn?t mliug'ghmugh the p_ogtullnu M@o, B

In Pige. 4 and B, A-1, A<l, indleate the mui't‘m’:‘-h
holder earrying the mn bruohon. and C. tho au:u.lary bruoh
holder earr?ing the autntary brush. I'huo brmh holdere
are movable in ares concentrie with tho eonter of the com-
mutator thaﬁ.

An {ron piston P of the solanotd s, (Pig. 4) is
attached to the auxiliary brush holdor_C_. The adjustment .
4s orraetdg;by mans of ? spring and serow or tightensei:

- In iﬂ.g. 5 instead of a solsnoid an iron tube en-
elouiué a ‘eou is shown. The piston P of the eoll is at=
tached to th brush ho1dars A1, ALl_uadg_._ When ths brush
o aro moved directly by elo'ct.rtésl devices as shown in
vigs. 4 and, l, these aro .o eom'ructad that the roremoz-

—

orted for adjusting is practicauy uni.rorn through the

whole length of motion.



The relative positions of the respoctive brushes
may_be varied by moving the auxiliary brush or the bml; e
may remain quiescont and tha core _;1 be connsctad to th;
main brush holder A_—_l. 80 as to adjust ths brushes a, b. in’
thefr relation té"ths Sﬁgth L “1r however a& a-Jasti;ut
is applied to all the brushés as soon in Fig. 8 the sole=
noid -houlg_l,_ébe eonnectad: to both A-1 and C 8o as to move
them towards or away from sach other. Thors are several
xuon' dovicos for giving motion in proportion to an ol«mtﬂ.cj
eurrom. ?'i have chovn’iho moving corf‘ in Figs. 4 and !5
as eouvontont daviecos for obdtaining the required attont or
:‘:tion with very lnght ehanges in the current paulng
through th?honen.

It ie understood that the ad)uctmnt of the -j.n
brushes .cadises nr!a.uoui ip the strength of the edrr"gt
independently of the relative position of said drushes to '
the auxiliary brush. In all cases the ad_juctmnt mybo )

o
such that t’o ecurrent nm over the auﬁuary brush 'ho-

the dynamo is running with its normal load.

I am avare that smnary br-hu have been uud
= 1%‘*

these instances the holices rvcsived the entire eurrom_'v ST

could not. be taken off without breniug the current thwugh
the ri.old. Those brushes caused howaver a graat cparnng
upon the é':imntator. !ﬁ =y j.mprovemo'in the sutindry

brush causes very little or no sparking and can be te’ oﬂl



without breiking the eurrent through the fiald helices.

|y improvement-has besides the advantage to lacilitats the

o

' 'W'I

“lthe re€istancs of thé main eirecuis’at the ‘start, for in-"

8o1f oxeiting of tno machine in all cases where the ro-
sistan=ze of tho rield wire is very groat comparauvaly.to
etance on arc-1ight machines. In this casd 1 place ths
auxiliary brqu &, near to or in praramng in eontact wtyg.h
the brush.b, as shown in Fig. 6  In this manmdr the part
!l-:l. Figs. 1, 2 and 3 is complotely cut out, and as the part
M has & eonufarauy mllor rosistanes ti-iﬁn the whole F
longth of the éﬁ:nm the machine excites itself, rhoro-
apon the auﬂnary brush is shifted =utomatically to its
pormal po-uum. £ % -
In Figs. 7, 8, 9, 1o and 11 which fdrther ulustrato
my invention,” *5 and b ars the poaitive ané hegstive bru‘ﬁl
of the main cinun, ard ¢ an auxiliary brushe ‘l'ho ma.tn

eireuit D oxtonds from the brushes a and b, a¢ usual and

‘|econtains the-fislices M of fﬁo f1e1d wireZhnd the bloé‘f‘_ﬁf-’;

lamps or othar work ing devices D-l. " The auxiliary prush

e 10 eonmetod to the point x of the min cireuu by means
K. 8 & =

of zrn wiro c-l. H is a comta.tor or or:uuary eonctruc-u

- ti.on. Yhen ths 9lectro-motive force dotwssn tha brushes 'V,-ﬁij.

& and; c. is tg‘ the a]oetrognotivo foree botvoen the nx'us%h“

e and b. as the resistance of the circuit 8, B, e-1, & A

to the reuotmeo of the cirecuit d, B, ¢, c-.‘l. D. the po- b

tontials of tho points : and y, '111 be oqual and no cur-

rent will pass over the auxiliary brush & but if said




brush occupies a differant position relatively to tho main
bru:i'hea, the elactric condition is disturbed and current
will Clow withop trom_y_eo X, or from xqt.o Y, according

to thas relative nosition of the trusheas, -;u the first
cas# ths eurrent through®the £141d haltess wiI;l bo p.u:t;ly
nsutralized and the magnatiem of the fiald mapgnets dimine
ished, in tne s¥eona c:uQ, the curr«'nt will bo increaised.

and the mgnets will Rain strangth. By combining with

the brushes a, b, ¢, any automatie ~dgulating mee-anism

the Ournn;?dovaiop;d caﬁ:v'}bo regulated ﬁtomticany i:l?’
proportion to thy demands in the working cireuit. 1In
wmieo it s surrlclout to move only tho. auxlunry nrush -
as shown 1&"1:.4 ustho?cgulator ie vgy sensitive ;? £
the slightast ehnngn, but the relative position of tho auxg-
lllary bruolq. o the nIn ‘Srushas may be:¥aried by mll‘ﬁr
the main brushées or both main and auxiliary brushes my bc

moved . ai’llluttmted in Pig. 8. In the latter two eucﬂ

i.t will b+ gﬂorotood thefmotion of tho’uun brushes rﬁ? )

2

atlnly to the neutral 1ine of the machine, ca.uu- varla-

tions in tho ctrength of tho curront ing‘wndemu ot wlr

v_-.;.

relntlvo poaiti.on to the autxuary brush. In all cases ~j

the adJustmnt may be such that when the machine is muniu.;

with the ord:.;my Joad, uo,,cnrron' rlona

L0var the a:u zilﬁ
iary brush. )
The field helices mey ba conn-=cteod as shown in 913.

*

7 or a part: Br the ﬂold hélices may be- b the Outgol.ad,

and the othar part in the rsturn eirenit and two auznlary

7



brushes may he employed as shown in Figs. 8 and 10. In-
stoad of-shunting tho-whole of the f).dlc;. haolices a portion:®
only of such nslices may be shunted as shown in Fig. 8 and
10.

< .z

‘vhe arrangemenit shows in Fig. 10 13 advantagoous >

as it diminishes the sparking upon the commutator, the
main .eir:gu.lts baing closed through the auxiliary bx;gthol -
'at the morent of the brsak of th» cireuit at the maia .
brishes.

E-";rrho fiald hoﬁecu my b votiind in the mihuoce%ﬁ

- -

or a part may be wound in opposite dirsctions.

s

iary br:x&ch or bruohe?my be made b?n wirs or unm ro-
sistance, or a resi stance may be interposed (R. ?13. 11);_'{_3
bot'a-)ﬁho point lﬁd the minaiy orush or brn%bo‘
divide the oandn;c-.-nul when the brushes are cd_justod.‘
| T CLAIM AS MY INVRNTION: = T

‘?ht. Ths é&bln&tlm: vituatha commt.atoil’i; : .
tﬁ or more main brushes, .nd an auxiliary bru.h. ot th'
nold 1;;_11“- haﬂ.mgg thoir euds connoctod to tho mh‘v
bru-h«, and s braneh or shunt connacuon rm an inton_ng &
iate point of the fiald hellces to the .-mtin.-y n-u"' gm&

tat.or of the raspeetho brushas, cnbst:mti.auy as oat fo"'t 5{

2nd. The combination with the comut.ator, ax:d

NS
13

- *HE
bruchs'?' ‘and ons or more suxiliary: bruc‘zec of the fﬂeld ﬁ"o“xJ 3

jees in the main eircuits and on» OF pore shunt connoctio_ o




ceare 4ro fiald nolieas to the auxiliary briushes, *he rale
ative po.itions unon I coirutastor ¢« the r3spoctive .rush-

3o paing &djustable for the purpose st forin.

//Iu% ’/1 (,‘//“),
'aﬂ_ /f /J ;;/,4/{‘:?"{“: P
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To all wkom it T3y concern:-

Ee it knuwn that I, Nix ola Tesla, or lew York,
in the County ana State of Vew York, electricién, have in-
vented certain new and useful Improvements in rnethoéis of
an apparatus for the electrical transmission of Power and
I do nereby declare that the following is a full, clear
and exact description of the same,

The practiecal solntiAH of the prchlem of the
electrical con;;rtion-. and transmigsion of mechanicai
ener;y involves certain requirements which the apparatus
and systemg heretofore employed have not Leen capable.of
fulfilling,

%nch 8 solution primarily demands a vniformity of
speed in the m;tor, irrespective of its-load within itg
normal workin<s limits, €n the o*har kand, 1t ig necessary
to attain g-nreater economy of convera{on than has heﬁgto-
fore existed, +o construect cheaper, more reliable and sim-
Ple apparatus, and such thar al:! dengzer and disadvantapges
from thre use of currents.of high tension, which are neces-~
sary to an economical transmigsion, may be avobided,

This invention comprises a new method and appar-
atus for errect!nr the tranamdsaion of pover by eloct;;cal
ngency whereby many of the pPresent objections are overcome
and rreat oconouy and efficiency s=2cured.

In the pPractice of this invention 4 motor is ém-
Ployed in which there are two or more independent enerpgize
ing circuits through shich arec passed, in ths manner here-
inafter des2ribed, alternating crrrentsg, which effect a
Progressive shifting of the magneti:m or of the "lines of

-

r



‘force" which, ip accordance *ith well Known theories, pro-
duceg the action of thn motér.

1v 45 obvioyg that g pProper Prosressive shifting
OT movement of *he lines op force nay be'utilized to set
up a moveisne (. Totarion ar either Q@lamany of the motor,
the armature or the fialQq Marnes, anq that jp the Currentg
direcfed thraongh the several circuirg Of the moior are in
the Proper direction ne comrmtgtgy for =he motor will pe
requireqd, fo, to 8void all the usval counmtating appli-
ances in t)e 8Ys'em, 1i.p mMotor cirenity 8re connacted d4-
rectly with zhoseoraauitable alzernating current zonarﬁf
or,  The Practics} resul?ﬁ of such a s8ystem, fig econdgi-

cal advantacea, and the Mede of 4 fonstructior and oper-

Pigures ltoy and 18 ., g% .inclnaive. are dia-
£ramg illustraling theo prinéipnl of the aciion of thig !;-
vention., The remaining Fipures a8re visws op the apparatug
in various formg by meang Of which the invention may be
carried ins+o offect anq whizh w11l be desc;ibed in thajr
order,

Referriqg Iirgt +o 3£§ure 9, rhich:}; a diagram-
atic ropresengztion of a motor, a fienerator anq connecting
circuits_in a4ccordance with the 1nvention, H ig the mo tor

ﬁggnd G the gengggtor for driving 14, The motor compriges -
& ring op annulus R, Preferably built Up of thin ingulateqd
iron rings or annular Platag, gso 48 t0 he as suscaptible as

ﬁ*poesible to va;iations in i;; Magnetic condition.

This ring i{g surrounded by four coilgs of insulateq



wire, Symetrically Placed, -and designat ed f:y Coc 2 or,
The dia:xetricslly Opposite coils arg Cannected u: s0 ag to
Co=operata in pairs in rroducing frae poles on :iime:ri‘csl-
ly oppcesite Paris of the ring, The four frec ends thusg
lett are connacied o terminals T T.T' T' a5 irndicated, - N

Moar she rirg, ana preferably irdide ,» it, thero is
: monnte_d o ‘:m axis or shars o mrrietie digk n Cniorally
circulaf in shape, but having ¢wo Segmanits cug sw:\;/ as
show:. This disk should tuwm froely within the rirg R,

. The feneratoriG isc of = or A rary “Zpe,that: shown =
in tke Present ingtancs havirng rialc Mrniets N S and o
eylirdrieal Armature core A woung with the two coils B B,
The frae ords ol cach goil .are carries through :I;'S'fshaft_ﬁfi
a' and conniected respectivaly 49 irisulated contact rirgs
bbd'yp', Any convenions form of collector or brush
bears on cach Ting and forms a terminal by which the cur-. .
Tent Lo and from the Tine is conveyea. These terminals

S

xre conrgacted 4o the:tormirals of the M0i0T by the ﬂros&ﬁ
N e

ard L' ir the manrer indicated. xhereby two complete cire

4 gsts

cuits are Tormed, ono mcluding, 83y, the coils B or theg

Emorator amd ¢! gr 0f the rotor, ad the other the re=:.’

maini:}"g coils B' mud € C of the fonerator ang thomotor, - -
It ranaing now to explain the moda of operstion of
this system, ang for this purpose refererce is made to

diagrams Firures 1 so 8 wid 1% 45 8% ~or ap 1llustration - ‘-

of the.various phaseas through which shae 70ils 0f the gn= =
eralor pass when ir oporation, ad the correspording ad

result ant magnetic changes produces in the motor.
B = - :

3



The revolution of the armature of the ;rmerator
betwoen ihe ficld magnsts K S obviously produces in the
coils B B' altemmsating curronts the intensity and direction
of which dzpmad upon well known laws, Ir the position of
the coils indicated in Pifure 1, the curremt in the coil B:
is practically rnil, whercas tha2 20il B' at the same time
is developinr i¢3 msxim:un carrert, and by the nems_indi-
cated in dhe description of Figure 9 the circuit including
this coil may 21z0 include, say, ¢the colls C C of the mot o,
Piguare 18, The result, with the proper cornections,
would be thre mapnetization of the ring R, <he polas beirg
oni the 1lirne N, 35,

The same order o?f cornnestions ‘boirr- observed: be-
twezon the coil B and tha coils C' 2', the latier,vhen Srav-
ersed by-a currant, tend to "ix the poles at right ,.v&ngles
%o the line N S of Pigure 1%, 1t results therafors, that
when the geonerator coils have made one-eighth of a revo-

lution, .reaching the position shown :_j.n Pigure 2, bgg.h psi_x;f'.:;

of coiis C and C' will be traversed by ewrrerts which aet ..

in opposition in so fxr as the loca‘ ion of the poles is -
2 oY i
coricerned ‘l‘hc position of the poles will the"etor-

detominecd by thc resultant effects of the mapgnotizing
a-ces o" the -olis, t‘:st is o szy, it will advance along

fe i, ~-=. X
the rirg to 2 po..i’ion correosponding to one-siphth of ?.bc

revolution of the armaswre of the gencrator,

‘In Pigure 3 the mrmasure of the generator has pro-
v
gressz2d to one-Zourth of a revolution. A%t +he point indi-

catad the currert $n the coil B is maximum while in B

4



1t is nil, thke latter coil being in its neutral position.
The poles of the ri=g R in Pigure 3% will in con \sequence,
Sc chiféed to 2 posi’.ion nirté’.y degrees fron that at the
start as shom. The condit' ons existing at ecach succes-
sivo aig}*‘h of c¢re revolution are in like manner showm in
the rana.nir.c‘fig'are;. A sbor refernrc; to the; »i gures
will suffice %o an 'ndarstanding of ’.h‘eir sl priificsance.
Figures 4 md 4% illustrasc the conditions which exiss
wha the ponerator armasure has completad threc-eighths of
EY rovolgtior.. Eere Yoth coils are gonerailirng current ,but '-_'
X e 3+ By
the coil B' having row onterad the opposite field is gmer-'-
ating a currnt in the opposite direction, having the op=-
posi ta»ﬁengnetizinc .e‘;{fe':t.. Her.cch‘.he resultant polos

#1111 be on ¢he line N 8 as showm.

In Pigure 5 and 5% onc malf of one revolution has-

¥ 4’ o

tcer complcted with a corrospondiv.c ‘movemert of the polar™:

lirie of ¢he motor. In this phase coil B is in its neu-

sral vosition while coil B' is c.m"-«t irg its maximum cu"

S =3 “,‘E‘ : 4
rent; the cuwrront beir.c ir the su"c direction as in l’ig'.n'o

‘. o
e

»In Pigere 6 the srmatwuwre has compl c‘.ed fivg‘-,-eig.h hrg

v
'.luj.. L

..dlu..‘:

o® a ravolution. In this position ~oil B' develops LNREpe

loss power ful '-.xr-snt, tut in the seme direction as botore.

'rhe ccn ‘B on the otbor hard, having ontercd a figld of :
oppositc polarity, generates s ecurrert of opposite di-

raction. The resultans poles will therefdre be on the
K Ei

Y.

-é.’-":

line M S Pigure 6%, or in other words, the poles of the
ring will be shifted along ~ve-cighths of its periphery.
%, Pigures 7 and 7® in the swme manner illustrate

S



the phasecs of the gonierator and rirg at trec-quarters of

»oe

a2 revolution, ard Tipures 8 and 8% those a%t scvern-eirhts
ol 2 ~evolution of tho ponerator armasure. These Fipgures
will be readily undarstood ©rom the foregoing.

Whon 3 complote rovolution is accoziplished, the .
corfitions oxiating as the start sre reestablished and <he
same action i3 repested for the next std all subsequent
revolutions, and in (:ei;.ersl, it +i11 now be seen tha.t cveryi
revolution of the armasws of tha generator produces s
correspondirg shiftivyr . of the poles or limes of force a-
rourd the ring,

This orroet{is utilized o produce the rotation of
a2 body or.armaturs in A vari ety of ways, For exmpi"o,
applying the principle above deseribed o the app arstus
shown in ¥iguroe 9: the disk D owirg to iss terdoney to
assume that position ix shich it embraces the greatest
possible number of magnetic lincs, is set in rotation “ole
lovwirg thg motion of the lires or the points of greafest

attraction.

The disk D ir Pigure 9, iz shom nz cut away on

3 <

oprosite :sti'.dcs, but thié will rnot be "ou.r.d essontial $o

its oparatisn, as sa:gircular disk, as indicsated by dosttod

lires, would also be maint2ined in rotation. This phe- '

3 e

tribdutable ¢o a certain irertia or

~

r.o:xcnoﬁ 1; Probably at
resistance inherent in the motal ¢o the rspid shifting of
the lincsiof force through the ssme, which results in a
continuoud tengontial pull upon the disk that csuses its-
rotation. This scems to be confirmed by the fact that a
circnlar ‘disk of stool is moTe erfcct‘.}.vely rotated ﬂ"m

6



one of s0ft iron, for the reason that +he “ormer is as-
swazd ‘o pogaess A greator registarnce to the shifsing of
the magrictie lines. |
In {11lugsrasion of pthc:' forms o® apparatu; ty

rzars o’ ﬂhich this ir.ven‘.ion My be carricd out, reference
is now mado vo tho remairing figuras o0 the dravirgs.

;‘-Pigure 10 is s view in clevation and part'verticﬁ
section of a motor. Pigure 12 is a top view of the ssme
wish t}’:c M 2d in section and oxhg.pizing a diagr‘sg: of t!}%‘
conne;iior.s. Pigure 11 is an end or side view ;1' the
gonerator with the fiolds in scetior. This form of motor
may b%__used in placg of thas deseribed. s ) ﬂ?:

D i3 a cylindrical or drum armature cora, which

for obvious reasons should be split up as far ssgactica--‘

.~ e .
ble 0 prevent the eirculation within is 0f cwrronts of

induction. The cora is wourd longitudinally with twyo

coils ¥ BR*, the cnds of which ara rnapectively conr.ect.e 3

»-_ ‘F’

»'b

to msula‘.ed contact rirgs 4@ a4 d' d' carricd by the uhsft

N
.
M

};!.‘l:i,-

8 upon yhich the armature is mounted.

o
L e
1 5"45

#£The armaturs<is arranged to.revolve wisthin” m -
iron shell R whith constitutes the ~ield mapgnet or ot.her_
eloment of the motor, This sholl ig preferably formod .- :

- with #¥slot or openi"hg r, but it ui’y be cont inunui‘ .‘S'éi;oﬁi?,

p

B etesid

by the dotted lines, and in this ovent it is preferably ;.
=

made of steol, ¢ is A so dns‘rablo that this shell  Fwl

= Se

should be divided up similarly to the armature and for
similar reasons,
AThe generator for drivirg this motor may be such ©

as thas shown in Mgure 11. This rapresonts an annular
- .- . '7 . 7



or rirg armature A swrrounded by four coils F F F' P', of
whick thoso diumetrically opposite are oorneocted in
series so that four fres ands are left shich are conncected
to th2 insulatec sontact Tings b b b' bt The ring is
mounted on 2 shaft a' between the poles N S.

The contass rirgs of cach pair of generator coils
are connosted 4o *hose of the mntor respectively by peans
02 contacst lrushes and the two prirs of conductors L L L'L'
as irdicatocd diamesrically in Fipure 12.

I¢ i3 obvious from a considerstion of the wreccding
Figuros that the rotation of the gererator ring produces
curronts in the coils P P' which, being transmiltaed o the
motor coils, impart <o the armatwe cors of the molor, mag-
netic poles which sre constantly shiftcd around the core,
This effcct scis up a rotation of the motor srmatwrs owirg

to tho attractive Zorce betwesr the shell R snd the poles
Puply . A&
- z . B = e’

of the srmaturns, but inasmhcn ss the coild in this ‘case

move relatively to the shell or field magnets the movoment

-
ive movement of the poles,

of the coils is in the opposite dircction to the progresa-...

&

B

Oth cr srrangemonts of the coils o both gunerator
md motor are possible and a greater number of cirduits
may be used as will be seen in the 4wo succeeding Plgures. .

“Pigura 13 is x disgramatic illustration of s motor - .

S <, e a3, B0
and a gonerator, conrnected and construsted in aceordance
with the invertion. Pigure 14 is an ond view of the

genorstor with its field magnats in section. = e

The *ield o the motor M is produced by/six magret ic
poles G' 3', secir2d to or grojecting from a rirng or

8



I S
erames H. Thosce magnets or poles are wourd with insulated

opposite
coils, those diamein c'.\llyA,o e.u:h othar being cd’mect@ed‘%n

pairs so as to Toduce opposite poles in each pai:'.t This
loaves six free cnds which arc conrected %o the tarminals
te. B - :

The armaturas vhich is mow.icd to rotate bciwoemn
the pola2s is 3 cylirder or disk D of wrought iron, on the
shaft &, Two sopments of the disk are cut away as ‘shovm.

The generator for this motor has, in ¢his inst ance.’
an armature A wourd with ¢hrec coils K K' K*® at 60 dogr»os
aparz. The ends of these s0ils are ~onnect 2d respoctively»'
to 1mu1g§_ed contact rirgs e e e'g'a® a7, These r'ir.gs' |

A:'. w?‘;‘
are conmact2d %o those of the motor in proper ordsr by

. re

means of collecting trushes ard six wires forming the inde-

pendent sircuits. Tho variations ‘.n the strength snd
™ _A

di rection of the curromds ‘.:'ans::i.ted 4
cults and sraversing the coils of the
st esdilym;:rpgrets‘qe shisting of the
force exerted by the polcs G°
aequently kaep the smsturn in rspid rotatione
ial adymtsc.e ot thia disposi‘ion 13 in obtaining tmre 3
pqucenﬁx;ﬁted and powsrful fiecld. The applicstion of thil

-

principle to systoms involving multiple cirecaits 5omr3n;.

will be understocd from this spparstas,

Rafcr'ing row to Figures 15 @nd 16: Figure 15 is
a disgrnstic *npresert ation o a modified disposition of % . :

+he. imentiom "’igure 16 4= a Yorizontal cross section

of ths motor.



In Liis cago a disk D, of mapnastic metal, preferably
cus away a¢ dpposite edpes as shown in dot teg iinoas ir the
Figure, is mcuntod so as t0 turn froely inmside 4wo stati_oii;
ary colls N' N® placed as Tight anrles to ore arother.

The coily ara pre."erably wourid on A frame 0O of inmsulatirg
material =g .H..i" erds are oonmrmestod 4o the fixaed temi-
nals T T 7Y o,

The generasor G ig a Topresitative of that ol ass
of aAtarnating currem = machines in which o stationary in-
due od cl-:.':.gn: is gloyed, That shown. -onsists of A:re-
volvirg pe‘:'-mar.ent or czlestro-magrmet A and four independont
statiorery magnets P P' wourd with coils. The diametri-
cally OPposite colls being cormect:d in.series ;nd having
their cnds scewred 4o the terminals ¢ ¢ ¢t' ¢,  From these .
terminals she currones aie led to tho terminals of zhoﬁ
rotor, as s.;om in ¢ie d;awirc.

The mode of operat ion is substansi ally the sme
as in the p"cvious cases. the ewrronts traversirg t.he“_'_&n_ils
of the motor having the effoct to surn the disk D, This
mode of carrying out she inverntion has the advantage of
i
dispensing with ¢-a sndi'r'zr, cortacts in tho system 7

In the forms of motor above desc"ibnd. only one

of tbe elemmzs, the :rma‘u-o or the ﬁald magret is p!_'g-

e

vidod 'i..b mc"r‘ zing coiis. It romains then to show howv
both elements rmy be wourd with coils. Roference i8 therpa
for e had togigures 17 mq 18, 5
Pigure 17 is an od view of such s motor with a
diagram of connections, Pigure 18 is a view of the gener-

ator with thg' field mgné:f‘.'a in scetion. In Figare 17 the

10



£igld mapriet of the molor consists of 2 ring R, p: -eferably
o thin insulated iron sheets or bands vith eight pole
viaces G' and correspondirg rocesses in which four pairs
of coils V are wourd. The diametrically opposisc pairs of
coils ar> conneo cted in series d ‘hn ‘ree onds con'zected
to four t-rminals W, “he rule to te :‘ollqned in o nnec~
ticn balirg the sae as rareinbefnre explained.

An armatiwwae D with ¢wo coils B E' at ripght mrles
+0 each other, iz mournted to rotate irnside of tho fie=la
magriet Re ‘E_he ends of the armature coils are zonnected
to t¥o pairs of contact rings d d 4’ d'.v

The poriorater for this motor may be of any suitable
xird ‘o produce curromts of the desired character, In_
‘.ho prescnt instance it consists of a ficld magnet N S »

mnd sn am’ure A with ¢ two coils al gh" wigl cs, the onds

£

‘"
of which ars cannccted %o four contast "1-133 bbb v

carricd by its zhals

The cirecult con cctions are es‘sblished between
therings oﬁ the gmerstor shaft and tbosa on the mo*o-:-.
sha®t by collec:ing brushes and wires as previously explain
ed. m order to propcriy mergize the'ficld magnat of. the

mctorr, howaver, the connections are so made with the arma-

ture coila by wires ‘l.:sdi'g shovreto that while the rolnts

oo -

. of greqtes?stzrs ~tion or greatest dnnsity of magnetied:
linos oé 5'orce upon the armature are shifted in ore drec-
" tion, ¢ h;:se; upon the 'icld magnet are msdc to progress in
sn opposite direction. In oth or rcspccts the operstion is’

11



" aescribed, ‘

<.

-

_i_dcntice.ll y tha same as in the other cases descriﬁed. g

-This arrangoment results in an increased speed of rota.tion; ..;
In Pigure 17, for example, the zermings of e_ac;h'

é;‘:z of ficld coils are connocted with the wires to the'éni-_ P

":xtzx'.‘-e"-oils i'n such way that the field coils_wiil msiAn’.ai;l'

o-posi‘c -)ol-s in sdvar.cn of the po"es of the arr.natu'rc. |

In the drawi ".rs the ficld coils are in shun ts to .

the srma;:ire, but. they msy be in gories or in independent

cire..its . . o o .‘Sé"

I 15 obvio.zs that ‘)‘c sama princlple mav be :p-',.-

plied to-:th'e various typical forms o!‘ motor hereinbe:oxjc

Fig.z:'c 19 is a diagram similar

lus‘“afir.g's modi ficat ion' in the motor,

t.he va. ious parsis ‘sre t."e sa'ne as 1" figure 9, except thst ;
.be ams*urc core o:‘ the. mot or is wound i‘h Lwo coils st .

"151‘ anglecs ‘o csch otl’*cr, the core bcir.g s vylinder or-

. "

dis.k." The 4wo coils form 1nde"cnd~n.. cloaed ltrcuit. s.

. This mr.c»:x.n. of closed 1nducnd eir cuits 'rlll be “ovmd *4
- .4\ . \l PR . .‘-_$ .- ’-4.
to give ve*y e:‘.’icicnt raesults,

¢

¥hen a notor thus co-s‘ructnd is not losded. but.

ruming freo *kc rotastion of ‘he srms* e is pvscticslly
e R . R ; .
synch"onous wi‘H ‘the rotation of ‘“e poles in the fi eld. -

and: “under these c‘rcu.—nstsncas very litsle currant is pers

'cep:t.iblo ir the coils 8 El, vt 1’ a load is sdded the e’fa‘,
spesd't'end.'_. to ‘,dimﬁ\ié‘: '.r.d the cur:":r.ts in tbe "oil xre
:sugmén‘ed so ¢hat ‘the rc;tary efoort is incrcssed pmpor--

: ;‘\ : = ’ . . : ' . ) e,

‘ions.‘ 017. .

12



Thig ;;:'incip"l of comstraction is obviously cap'a-
blz of many- :_xodi:‘i e_d applications, most of which follow
as a matter of course fvom the con st*uc*ions descridbed;
2o instance, the srmature or induced coils or those in
which the current are set up by induction, may bc‘_._held
stationary and the sltemating aurronts from the genori-
tor cor.dnc ed ‘"'ough the rotating indcing or fi-ld co0ils

-

by means of sudt ‘\ble gliding contancts. 1% is also ap- &

paront that she induced coila may t: movable mnd ¢he mag-

s

~

retic parts of the molor stationery. , b
An advantage and 3 characteristic feature of uot.o\'s
constructad and operated in accordance with this plan, is
shoir capability of almost instantancous "evnrssl by ‘.h;.?z
raversal of one of the energizing currents fron the gd’t-

avator e

,

S
Tris will be urderstood fron 2 ~gnsiderstion of

the workirg condisionse. Assaming the armature o b2 ro-,

tating in a certain direcstion ’ollowins the nov&cm. otltt!

shifsing poles, then let +he direction of the shi.r’inc be.

ravarscd vhich my be dane by reve rairng the ﬂonr.cctions

of one of the swo anergizing circuits,

17-1— mind ¢hat in s dynsao-nloctric machine the 2onergy de-‘é%
B

velopad is very naarly p*opor’.ionatn +o the cube of tho o
oy ),g‘

spacd, it is cvidcnt shat 2% such moment N ex?.raordinu'r

In.' "

power is brought 20 play in reversing the motor, In“sdeif‘

aition o <his the resistance of tho motot i3 veTy groatly

reduced at the mokent 0F soversal so that 8 rmach grester .

13



amount of current passes through the cnerpizing circuits.

The phonomenon alluded to, viz! The variation of
the resistance of the motor, apparertly like that in ordi-.
nary moiors, iz crobably tiribusable 4o .heﬂ variation in
the amournt of gs2lf-induestion in the primary or mex“gizir.g
circuis.

In liau of the Ticld marnots for +he motors sho:ﬁx
in the drawirgs 307t iron field magnots excited by a &n-
tinuou; current may b2 used,

This plan is a3 very advantagcous one, but i¢ is
charactoristic of a motor so operated ¢hat if the f-14
magricy be stronply onorrixed by its coils and the circuits
throuch the srmature coi'ls closad, ass&nir.g the gmer':‘s:;.or
to be runining a4 a certairn speed, the motor will rot ssart

buat if the ficld be but slightly energized or in goneral

-~

Py

ir. such condistion that t:"i:c magrietic in?‘luence of tho arm-
ature preponderates in detemiring its magrietic condition,
the motor will start andiwith sufficient-enprent, will “reach
its normal or maximum speed., For this resson it is de-
sirable ¢o0 koep, at the start and until the motor has
attained its riormad spcd’ﬂ, or riearly sof t¢ha f‘icld clr'giit‘ ’
open, or %o pormis but listle current ¢o pass through it.
Another characteristic of this fbrm of motor is
that -its dijfcc: ion of ro;..n_t_._!.on is rot f'everaed by revernél»-.
irg the direction of the current through ita £i2ld coils,
for the diipction of rotatior depends, riot upon the polare
ity of the ficld, but upon the direction in which the
poles cf tho armature are shifted. To reverse the motor

the connections of 2ither of the enerpgizing circaits must

14



I+ will be found if the ri=2lds of both the gener=-
ator and motor be strongly criergized, that starting the
generater starts the motor, and that the spced of the
notor is incressed in synchronism with the generator.

Motors comsiructed and oparated upon ¢t his princi-
ple z\;-.int.ain almost absolutcly ‘.hc. same speed for all
loads within their riormal workivg limits, and in practice
it will o observed that if the motor is suddenly ovaer-;
load:d ¢o such an 2xtcert as to check its speed, the gpeed
o? the gonerator, i its motive power be not too grest,
in diminishad-synchronously with that of the mgggr. ‘l'hqg}o
vqu!lit.ies rondear this narsicular form of motor very usorﬁf
mde:';. certain conditions.

With this description of the raturo of the invm‘."{-b’:;
and 0of somr of tha various ways in which it is carried

into effact, sttonsion is called $o certain characterist=:
B B wk #

ies which the spplications of the invention possessz, snd

¢he advantages which it offars.

' - ¥
. nE 4
In ¢his motor, considering for convenicnes that:

N
represonted in Figure 9, it will be ohserved that sineo:}g&

disk D has s tcndoney to follow continuously the Pointg;‘.‘,’%
- - R
grestest atiraction, and since these points ara shifted’

arow:d the rirg once for eath rovolution of the .u‘ustm'_g"“

of tiie gmerator,. it follows that the movemeny ,°‘.

D M1l be synchronous with that of thz armature A. This

featice will be Tound to cxist in all othaor forms in wich‘_g;'

Bt g

one’revolution of the armature of the gonerator produced

ls



a shifting of the poles of the motor th rough thrae hundred
and sixty doprezs.

In ¢he particular modification shown in figure 15,

3

or in otrersconstructed ér a similar plan, the number of

-~ .t

alternating impulses rasulting from one revolution o® “he

genierator armature is double as compara2 with the preced-
irg cases and the polarities in the motor are shifthd-
arownd twice by one ravolutionr of the gonerstor srmature.

The speed of tho motor will, tharefore, be twieo that of

o e K3
o -7 -

the cmérator.
The smme result is ovidaortly obtaired by such a

dispositior as that showmn in Yipure 17 where the poles ofﬁ
. St N ' >N B+

both clements are shifted irn opposite dirvections.

Again, considering the 2pparstus illustrated by

- P
- ~ L .
> o i 2

figure 9, as typical of tha ir.ver.sioh, it is obvious that
sirce thz atiractive effect upon the disk D is greatest

shn the digk is in its proper rclativa position tc the

- 9 Y,

e

poles d;velopcd in the rirg R, that {5 %o say, when its
ends or poles irmediately follow thnsc of the ring, the

spead of the motor for =1l loads within the nomal "orkirég

-
<

limits of the motor will be pracsically constant.

I+ is clearly spparent that the specd can never V
exceod the arbitrary 1imis as detcr:;ined by the ce;\:ei'nor;"?f
urid also ‘hat within certain limits, 3t least, the speed

of the motor will be indepordeont o".the strength of the

currant .
I+ will riov be more readily s2en from the above
desc;;_::?.}on how far tho requiroments of a praetical system®

18



of

Tectrical transmission o?f power are realized by this

invertion. I+ secures:—

Pirst, a uniform speed under all loads within Sha 7

normal working limits of thc motor without the use of .ﬁﬁ
- - ; E el
suxilisry rcgulator. ' ’ * i

Sescond, synchronism between the motor mid g‘enerat or.
. fi

Thir rd, g"cstﬂr cf:‘i-i-'m:y by tl*e more dircc‘t appli.-'_:

i .-

cation of the curront, rno cormutating davices being re-

quired on either the motor or poner:tor.
4 <

Fouwrth, ché';pness and sim*:xlici‘,y 0® me-hanicul egnl :

st raction.

2§24 ‘.!-e Jespability of ea.sy management and con=
2% F7- T
trol. ‘

Sixth, diainution of dmgsr from injury to permnﬁ_“"

ard :_pp aratus. )

These motors may be run in series, muliiple e

or mult iplae scri-s urider ~ornditions will ur.d-rstgod by
& <-L‘ il

thogz skilled in thn art,

LY

Tha means or devices for carrying out the prindﬁﬁ"gj

of this invention may be varied to » far groate extontl ey
i 3 ’% %§:-

cuits- through which the operating currents are’ dirccte&'_._

in the manner described. By *independent® it is not im-.,-,;

2liad that the circuits are necessarily isolated from: - %

"?v P "
onc ‘mnoth or, for in some irstances thers might bc clocs ri.

5‘

‘1,

cal cornncctions teitween them $o reogulate or modify the
action of the mo%tor without recessarily producing a rew.
“9:1 B aad .- <3

or different action.

17



S+ s w0, new 1o prodnce the rotation of a imtor
by 1nf°rm1*#en'ly shit'inp the poles of one of its elements
This has heen done by rassing through independent rnep-
Rizinpg coils on oné 07 *hn elermansg, tha c‘.:-r!-e.ntwi'ron 2
battery gp other sovrce aof direct or continHOﬁa currénts,
reversing sﬁch eUrrents by snitable m2chanienl appliances -
80 that +hey are direcred throuzh the coilg in alternately

e

opposits directiona. In such cases, howsver, the poten-

tial of the enerzizing currenty remaing +he same, thajr

direction only boing rhanred. According to the Irresentg.

Y
el

1nven’.wn. on tke gthrer hand, <4rue altematin;: currents arn
emnloved and the invention constgty in the mndn or m2thed
of an apy ‘ATrAtus for n%ilizing suek cnrre.'i-ts.
The :lifferencs Letween +he two Plans and the ad-
vantages of this one are obvicns, Ly rrodveing an alter-
‘ " 3 =F
nating currang each impvlse of which involves a rise and-
fall of noten-=t Rl, ks exact conditions or the aenarator
are reprodvcs:g‘ in the mtog', and by such euvrrentsg and thg&
consement produvction of resultant polssg tre rrorression
of the poles will be continuors and not intormittent. In
addition to *._!1“33. the nractical dirficuliysof !ntermptii%'
or reverainn; & current of any considerable strongth is
such that none of the devises at p;resent knom could be .ﬁ
i 7 y s

made as economically or practically effect the transmiss-

ion of power by reversing, in the manner described, a con-

tinuoua or direet cuvrrent « P oy
»i.' \“ " »

In go tar. then, ar the plan or aeting vpon one
elenient o the motor is coneerned , my inventfon involves
i
tha vse of an alternating as‘distinmaiared rron a reversed

current or 8 current vhich while contintors and direct is

18



shifted from coil to cail by any form of comautator, re-—

verser or interrupter., With regsrd to tiat part of the in-

vention #hich consgists in acting tron both elements of the -

I

motor simultancously, the uvse of oi ther altarn;ting or

raversed currents i{s within the scope of thc_inveﬁtion al-.

o - : " i s

thouish the uge of reversed currents is rot regavdad as of
mich prac<ical.imrortance.
-~ Claimg:-

1. The method herein described of electrically

transmitting rower which consists in prodvexnﬂ a continu-

L . -

ously progresaive novement of the polarities of efther or
both elements ( the armature or field masnet or magnets )
of a mogor by developing alternating.currants in independ-~
ent cirenits ircluding the rmangnetizing coils of cither J;
both elermants, as horain sat forth,

2.2 The combination with a motor conﬂaininn'igpa- ’
rate or independent circuits on the armature or field or
toth, of an altamat ing gurrent renerator containing induced.
ceircuits connsctad independently to corresronding ecircuits
in the motor whereby a rotation of the sensrator produces
a prozresqivo shifting of the poles of.the motor, asgﬁereigi
described.

3. In a sysgtem for the e'ectrical trananisuion ot

power, théﬁbomb!nation of a motor providcd with two or mor01

indopendent masnetizing cnils correaponding to the moter

coils and circuits conneecting directly the motor anrd pene-
. ;'? *? .t_; ._i
rator coils in such order that tl: c¢urrents developed by
‘the pmenerator will be passed threush the corresponding mo-
tor coils.and thereby procduvce a propressive ahiftirg;ar the

poles of the ~otor, as Lerrin set rorth.
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4, The canbinatzon vith a motor havins an annular

or ring shaped field and a cylindrieal or equivalent arma -

ture, ang independant coils on ths field or armature or
“both, oi‘ an a.ltarnating current generator hav:mg corres-

rondingly 1ndependent cozls and cu-cuita including the

genarator coila and corresponding motor eoils in such -
mamer that the rotation of the ponerator causes a pro-
_Eressive shifting of the poles of the motor in ths man-

ner set forth.

S, In a system for the electricnl transmission of .

power, tho combinauon of the rollowlng 1nstmmenf:slitiss ,

to wit: a motor caposed of a disk or its equivalent mount
ed within a ring or annular field which is Provided withil
magnetlizlng coils connected in diamet rically opposit.e
pPairs or groups to indapsndent terminals, a generator ¢
havinq? induced coils or groupr of eoils equal 1m’humbeﬁi€-‘_§;,~_,-f
to the pairs or groups of motor coils and cireuits eon-

mcting the temlnalc of said coils to the terminnc of j,rg

,‘<

~q -

the motor respactlvely ard in such order that the rota=-
tion of the generator and the consequent produet ion 6!'

dternatlns current.u in the respecuvo cireunitsy pmdncolw

a progru.zvg movement of the polarities of the motor, as .

hereinbefore descrid od,

.

eﬁ The methodherein deseribed s?f operat mg eloc-

tro nagnotic motors which consists in produeing a prosru

sive nhirting of the poles of its amaturo by an alterna-;-:

ting cnrrent and enermzing its field magnaets by a con=-

tinuous ecurrent as set forth,

R

'I, The canbination with a motor containing indepen -

dont. 1nduc1ng or energizing cirecuits and elosed indueced
20



circuits, of an alternating current penerator raving in-
duced or jeneratins; circuits corresponding te and connected

with the enerpizing circuits of the motor, as ‘sét forth.

3.” An eiectronamnetiE motorrﬁaviné:its £leld maa?ﬁ
| e
nets wornd with independent coils and its armature with.©

independent closed coils in combination with a source of

: &7 “éi- =2 s i - -
alternatinz currents connected to the rield coils and cupa-£
ble of prosressively shirting the poles of the field mas-

net, as get forth,

7 D
WJJ‘*
New York, 7 11333
= &

Signed in- thesonce of

‘;Morlve, :,"I'n.ntz:{
Fra—te @. 77

This is the gpocification referred to in tre afl-

ridavit of Mikola Tesla, hereto annexed._ and sworn to

before ms this M:z day orW 1388.
W.% ?ayla-nﬁ,
y

22ef. G5,
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TO ALL W°C! IT MAY CGNCERN:

PE IT FMOWN, that I, NMIKOLA TESLA, of Naw York, in
the founty and S5-ate of Now Vork, -loectrician, have in-
verted cortain riey and useful Improvemenss in 'lathods of
and arparatus for converting and disiribuming clactrie
erronts, AND I HERERY NRALAEE, 4hat she following is a

fNull, eclear and coxagt description of <he s we.

This irvortion r2lates w0 those systoms of =lectri-

‘1

of cupply in a main or transmiteing circui¢, is causad ‘o
indace, by mewms o° suitable ivduetion 20ils, a2 currart or
currmts irn an ind2pendont wor. irg eircuit or circuiss.

The =ain obiecis 02 ¢tha irvontion aze the sme ag

0y

hawe beon haretofore ottainad ty ¢he ‘we of those systioms,
viz? To 2ividz <he currant from 2 sinrle source vharasby
a2 numbor of 1lmwmps, motors or othar iranzlating devices may

te irderondantly controlled and opersted t

<
G
T
W
(3]
Q

source o0Ff turrant, wd i- am2 casos %o roeduce s curront

of high potontial in tha main 2irsuis %o on2 of proatar
qaantity 1vvd lowsr notential in <hn indepondort consumpiion
circuis or circuiss.

The gmoral charastor of thesa devices is rnow well
underst ood. Ar 2ltamrating carrant magneco-machine is
used ag the soures of supply. The 2 rort devaelopad
Lihpraby is conaesed shrowgh a sransmizsion ~fircuit <o
orc ¢ nmora dizsamt pointy at whish the transformars are
locat nd. Those consist of indiction machines of various
kirnds; 1in somc cases ordinary forms of irnduction coil

1



Fave boorn uzeod, with ome o the 0ilg in tha transmissirng

cireuit amd ¢y othar inm a ioc=l or ronsumplion circais,

[§N

ifforomtly =-oportiorag aseording 4o the

primary, w-ila ar 4-a othar nand, if A quwmtity -carrent

ol lower potnsial is wantod tha lorig r 20il is made the

“orms of 2lgetro-

[l
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(2]
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e
o
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dyrwic irduetion Mmachines, irxecludiry +he sombirned mosors
w.d fonerators, have hoon daviced, For instarnco, a8 mosor
i3 construzted iv arcordanzs wish well anderstood prinei-
pl2s and on the swme armasrro are wourd irnduced coils
which zonstisuste <hs rwmarator, Th~ motot z0ils are
gonerally of firme wire and the famarator coils of coarser
wire so =3 to produce s current of fraater quantity -nd
lover potontial than tho line curront which is of rslatiyoaly
high potontial <o 1ivoid loss in long transmission. A sim-
ilar arrangmont is 40 wind coils corresponding to those
deseribed on a rivg or similar cors and by meais of a con-

mutalor of suitable kind to divacs ¢k urreont throuch the

2
«Q
]

0

indueing coils successively 5o as %o maintsin a movamcnt

[}
(%]
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a
2
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o
‘v
[b]
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¥

of the nolas of +h

g2t up the curramts in ths inticed coils.

Vilthout mumarating the obje-~tions %0 Srose SyS -

toms in detsil, it will suffice ¢o say that the shoory or



the prireipls ¢f ¢the actior or operation of tl sz devices

o
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t+1l2 uanlorstood tha
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o
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torsirasiio: ars oo has, un 4¢ sha pr2uont vime, boon asa
torde? with variou: diffieultias and rreat expunse. Trarse
formers ar2 vory liablz 40 he injurad 2and burnt out, and
the moams Tosortnd 4o ‘for curing ¢ris and other defocss
fave irvariably baan as sha exparnse of efficiency.

This irvmmiion 2omprises a method of ond apparasus
Tor tho conversion md dissritution of olectrical arergy
which iz rot subjyect so the otjections atove alluded %o 'rd
which is tothr officiort and gafa. The result i3 obtained
throush a3 conversion by $wrue dyrnamic iructiorn urder highly
officinore corm2itions ard withous the use of expensive or
corplicated apparasus or moviny devices which ir. ase wre
liakl>: L0 woar out or reqiire attention,

This meshod consists in worressively and cornstir-

o

uously shife¢ine so live or points of maximum 2"feet in
induetive €inld acroas tha convolations of 1 coil or cone
ductor withirn the {nfluarze o 3aid field and included in
or forning part of 1 sacordwy or workirg circuis.

For carryirg out this irnvontion a series of inducirg
coils and corrosponding induced ~o0ils is provided which,
17 preference sUe wound apori 3 tore closed upon itsel’,
Such 3 core, for instance, as is used in tke Grammetypo of
dyrniamo-mach ine, The two sets of coils are wounrd uporn
this zore sida by sida or suparposed, or othorwiss placaed
in well ¥rown ways <o brins thom into the most eofrfoctive
relations %o one arother and %o the ~ora.

3



nils, e, coilg 0 tha oth . r
Pair on Shaming or ¢x

M2ans op :

rcne."a‘.o:' na CoOrvaw.

; . °C up ip, i.—.dﬂ,
circuits.

=% poimeg oF £raat.
©St Magrosin 2 ar

TVer owiln be ‘Togresge
e Thig principle °f opcp.

Slprags modi-ica:ior
in the rasorg Sy¥stm, Tha iy Mitio- .‘:er-_-in, J~er~“ore,
is eroly ¢4 de*c:‘ibe tha

2 ‘dcrstood
thas the Torm o Lot

“VErler my b,
very Ereatly fodirieq,



comverter and she gmorator with thoir r~ronar elaciried
zonractions,
A is a cor- shich is zlosed upon itsel?®, that is

to 81y, it ig of mn armmular, cylindrical cr eguivalant

'S

form, ané as tha cfficicrncy of the arparatus is largely
ireraazad by t¢he mtdivizion of this nore it is made of

t:iw ctrips ~lites or wires of $ofs irorn 2lectrically insu-

b

ated fron one arocher as far as jracticable. Upon this
2or~” by any well krown mothod are wound, for example, ‘our
colls B B E' B' which rorsticute <he nrimary coils »nd
which are eo~posad of lore longhs of comparatively fine
rreo. Cver these coils shorscr coils of toarser wire
C0QC' N ern wound whiech comstitute the indused or sacond-
ary colils. Tro nprstructiorn of ¢7is or amy ~quivaleont
form of ~corvertsr- may be cxrisd further ty anclosing
theso coils wisth iron, as, ‘or oxample, by wivdirg over

sha coils a laysr or layors of insulate? iron wire.

The doxdcn iskrovidcd with 3uit able birdirng posts
to shich the onds of the coils are conreetod, Tre.dia-
metrically oppositn 20ils B E erd B' B' are conrected
rogpactivaly in series and the fow t eminals sre connectod
to +he birdirg posts, The irducad coils are cone-
riected topether in any decired manrer, Tor cxamnle, coils
C C may be connected in muleiple are vhen 2 quantity cur=
ront is dzsired, az for ranning a gcroup of ireandescent

5



larmrs D, while 0 ot may be indopornidiamtly conract

1]

4 in
veries iy a siroqis irrludirg are lamnsg or the lile.

s pmerator in 4nis system wild be adaptad 4o

"
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v oexamle, in
the prasmt caso it consists of o PUT of ordinary nerma-
Rt or lociro-mapsnots B T, betwoen whish a eylirdrisal
armatiec 2 2ore is mourtod on a sk al't ¥ and wound .ith two
S terminals of thess spils are ‘on~ecected

Tespectivaly o foar irsulsted or collecting rirgs ¥ § H°

Z0oxmd the fowr line cireuit wives 2 tonrect the brushes K

toarirys on thge rirgs to the zosversior irn the ord:r zhown

g
o
o
]
(&)
't
o
o 7
>
'y
w
P

3 a2 piven voint of time tre il G is in

1%s neusral position and is goxierating 1it+le or ro currert

its maximum arfang, Assumirnge c0il @ %o be cormoct ed in

circuis wieh c0ils 2 2 gor the convertaer ard coil G' with

sack point of time will bo detormined ty the currert in

coils R' 2' alowma, Bt as the armatre of the Fiorator

rovolvas, ~oil G develops mor2 ~urront and coil G less,

until G :'e'schcs its maximum and 3' its noutral positiorn.
The obvious result will be Lo shi®t $he polzes of

the ring A throuch onn quarster of its periphery., The

Doven:nt of the 20ils of 42 peneratoer through *he rext

quarter ol a turn, durirg which 20il G' enters a ~ald

of opposite polarity and gonorates a eurr-rt of opposito

dircction, and ircraasirg strength, v'.-b.ile coil G is passirg

6



By thifeinmpe ska poles of shae Ting A a powerqul

dynamic irductive 2f8rass 4g Sxertced upon the -~pils Q Q.

Bogide: ¢tha SUTrNnl s gonerited in <ha sa2ctordxry
coil by dyramo-mprnatic in2ucsion, other

urrents will be
sot up in tho 5xm0 co0ils in sonse2quoree of 3;:} variat ion

in the ineongity g the poles ir tha rirne A, Thig shoulg
b2 avoidnd by maire ning tre irt enrisy oo o
Stant, to aezomplish “hick, caro shouls be takon in design-

ire ard proporitonine

A

ke fweritor and in :!is:ri?:u’.ing
tre coils on th- rings A ard balwecivy shoir alfops, Yhen

this is dons ¢ra ¢I"riris are jroduced iy dyrnamo-macnatic

the poles were shi®sany by a commutator -isw o irfirite

number of saprents.

Claims:

l. The metkod of eleetrical conversion and Jis-
tribution her~in deseribad vhich aonsists in conitinuously
and prograessivoly shiftirg ¢he noinss or liras of maximum
offeet in an irduetive "ialq and irducing ¢horcby surrents
iri the coils or corivolutions of a a~iresuit locat ed within
the inductive influsnse of gaid Tield, as herain zot
forth

2. The m2thod of ol 204rical conversion and dis-

7



Ly thoir Sonjoint areraae A Mograessivae shifzig: 07 the
oints of MAXinum ofreot or the £i.219 ang inducing theraby
Surrevts in ¢ra, f0ils qgr corivalutions of o cireuit low.
€atod withir e¢h, irductiva influomce on tha o§ 2ld, as gat
forsh,

3. Tha combination wiexn R core eloged uporn itgole

irxduei: £ or por imary coils woung theroon and conreessegd up

(2

Yo irdepordare Taivs or ety ang irduced or gccondary coils
wourd uporn op rear tho rimary coil, of a Elriertor o
alternati:g Sarronts ang ind=pergdons cirecuits conrictirg
‘ke primary Coils with sho ferrespording soilg ol the
Corierstor, as heroin gas for+h,

e Tha tomLuirasjor, wish indapendany o)

o

etrie
transmission irmuisg, of s Aansformers onsisting of rind-
1ar or similaw Tore2s wound wis primery ang secondary
coils, <ha TPosite Prinary eoil cf cash transformer beirg
conrested %0 ore or the ¢rvismiysion circuits, an 2lterrate
irg currom £2nerator wich ird=perder: irduced or armature
coils conrectesd with she “ransmission cireuait sherehy ale
tormatirg Carronis may be direcsed throush ¢he primary
€0ils 0F sthp o «Tansformers in tha order ard manrmer horoin
describoad.

¥ow York a/w(.ﬁlssa clakrtn & “

Sifned in preserniza of
g‘&‘uuh/ 8- J‘J-m\@
This is the Specification ralerred 40 in she aff i
8
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SPZCIPICATTI.ON.

TO ALL %HOM IT XAY CONCEEN: -

BE 1T J2OWN, THAT I, NIKOLA TESLA, from Smiljzn,
Like, Border Country of Austri= Hungeryr, r".-si_dent of
Hew York, in the County and Staie of Hew Yort, Electric-
ien, pave invented certzin new znd useful lmprovemgn:s
in methods and apparatus lor Converting Altern=:ing into
Direct Currents, and T do hereby declzre that the follow-
ing is a mne'-."'elear, and exact description of the séme.

In nearly all the more important industrial appli-
cations of electricity, the ‘ourrent is produced by Ayna-
mo-electrie machines drive:ﬁl;y power, in the coils ‘_otl
which the cﬁr:-entg developed are primarily in reveﬁ‘e
ai reotions or what is Known s alteme;tinéi". As mary-
electrical devices and srstems, however, require diroct
current, it has béen “isael to correat the current alter-
nations by mears of 2 conmutator instead of taking them
off directly from the generating coils.

ﬁze superiority of alternating current .machines
jin all Acv:'aéea vhere thei;' currents can be usgd to a2dvan-
t'é.ge.; renders their emplosment very desirable, =s they
m.-.y ba mach mre economically constructed and operzted
“a.nd. the object of this invention is to provide meens for
directing or co'm"ertirg“ at wili at one or more points in

a cirocuit, alternating into direct currents.



ing direct from zlternating currenis. or in directing

the w2ves of z2n alic rhating current so zs to produce 4i-

d
[£]
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ot
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road

¥ direct currents, by developing or
J.ooduacing in th. branches of the circuit ineluding 2
source of 2lrernating currents, eithcr permanently or
periodically, =2nd by elecirie, electro-msgnstic, or mag~
nztic 2gencies, manifeststions of energy or what may be
termed active resis‘znces of orrosite ee.ctrice.l character
whereby the zur=ents or current waves of oprosite sign
or direction will pe diverted &xroum different -:ircuif.ll::,
those of one sign psssing over one bre.:xc;yand thoée ér._.
oprosite sign over znother.,

Thu case of = circult divided into two paths only
may be considered herein inussmuch as any further subdi-
vision involves merely 2n extension of the szme zemeral
principle.

Sclecting then, any circuit through which i{g flow-
ing an alternating current, let such circuit be divided
.P.t any desired voint into two branches or patins. In one
'o“r these paths is inserted sore device to cz-eateian elec-
‘tro-motive forve oprosed to the weves or impulses of
current of one sign, and 2 similar device in the other

branch wvhish oprecses the waves of opposite signs.

-2



et
*n

Assume, for exsmple, these dcvizes sre batreries,
primery or seco:dzry, Oor econtiruous current dynao ma-
chines. The waves or impulses of onposite direction,
composing the r=in current, have 2 naturzl tendency t0
divize bc-weenthe two bdranches, but! by reason of the oppe-
site electrical cnaracter or effect of the two pranches; *
one will offer 2n easy pass:fe to a2 current of = certain
dirgction, while the other will offer 2 relatively high
resistance to .the passage of the s=me current... The
result of this distribution is that the waves of current
of one sign will - pertly or wholly - pass over one of
the paths or branches while those of the oppcui_t'.e" ai.gn*
pass over the other.

There 1may be thus obtsined from an alemstingﬁ?ur-‘

rent two or more di-ect currents, without the aﬁployuﬁ_'ri'f’:-"’:

of any commtetor such =8 it hes been heretofore regard

ed 28 necessary to use. The current in oither brs.neh'

2 ‘r— L

:/ be used in the same way a.nd for the szme purposot aa

any other direct current, thet is, it m2y be z:-..de'“t §

;cherge secondary batteries, energize alcctm-masnets,:”:_
usel for a=ny olher analagous purposes.

In the drawings some of the various weys w whichi
t'.is invention mzy be carried out =re illus trat.éd.

The several figares are dizgracmmatic in chzraéte%?f

and will be des:ribed in detzil in their order.

Pigure 1 represents 2 plan of directing the alte_'r
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auyrents by means of devices rurely ¢lecerical in
characiere. A desipnztes & senerstor of zliernating
currents end B, 3, the :-ainv or line cirsait +ne refrome

At eny given point jn this circult 23 or nesy
which 1t is desired to ocotain direct surrents, e S ir=
cuit B is divided into two pa2ths or orznches C, Do
In each of t cse pranches is vlsced 2n ~leotrical gener=
stor which for the present may pe azsumed to syroduse gi-
ract or continuous currents.

The dlrection of the current srus produced is op-
posite in one branch to that of tne current in the other
branch, or considering the two hrancﬁes, as forming &
closed circuit, the gensrators E, F, are conneated up in
serics therein, one gcnerator in ezch part or half qf the
cireuite
The electromotive force of the current sources E =nd F
may be equal to, or higher or lower then she elechtr o=
motive forces in the branches c, D, or betwuen'tho points
X and Y of the circuit B, Be If equal, it is evident
that current waves of one sign will be Opposéd inlbne
ﬁ;aﬁch and assisted 1q the other to guch =n extent thit
_gii_of’the waves of one sign will pass over one §r2n1h~
end those of opposite sign over vhe othere If,'on the-
other hand, the electromotive force of the sources E, F,
be lower then that between ¥ =nd ¥, the currents in poth
brznches will be s1ternating, but the w=Vese of one sign

will preponderate.



One of the menerators or- sources
of ecur-ent E, or ¥, may u¢ dispensed with, buit it is
rreflerable to employ roth, if they offer an eppreciztle
~esistance, =8 :he two dranches will te thereby beiier
balanced. The translating or other devi:es to de
scted ugon by the current zre designated by thie letlers
0, and they =re inserted in +he branches ¢, o, in sny
desi=cd manner, but in order to betier preserve un éven
belance ceiween the bdranches - fue recard should ze nad
t0 the mumber 2nd cha=acier of the devices as will be
wgll understood.

Pigures 2, 3, 4,2nd 5, {llustrate vhat may be
termed electro-magnetic devices lor sccomplishing a
similay remii; That is to éay, inste2d of péodncihg
di »rectly by a generator =n elactro-motive force in cach-
branch of the circuit,a field or fields of force is es~-
tablished, and the branches led through tie szme in such

manner thst an sctive opposition of oprosite effuet or

di rostion will bve develoved therein by the passige or

- 57

tondqiiéy to pass off the alternations of currents

In figure 2, for example, A is the generator of

alternatirgcurrents, B B,. the line circuit, and C D-the

>

'bmnches over which the sltermating currents are dv-ac..-
ed. ' Tn egch branch is included ‘the secondary of a

+ransformer or induction coil, which, since they corres-

pond in their funct ions to the batteries of :he previous

-5



figsre, =re desipnated by thes letters E, ¥,

“he primaries H, KH' of the induction coils or
itransforners 2w connected either in P2rallel or series
#ith = geurce of direet or continuous current ¥, and <he
munbe » of convnlutions is go czlzulzated for ihe sirength
of the cu-rent from Iythat the coils 7, J' will be satu-
rated.

The connections 2pe suchk thut the conditions in
the two tr2nsforuewrs are of onrosite chzrse ter, that ig
to say, the arrazngement is such that =2 cgn-ent wave or
impulse corrusponding in direction with that of the di-
rect curreat in one primary =s H, is of opposire direc-
tion to t'na’.-‘in the sther primary, H', r.énce it results
that wshile one secondzry offurs = resistunce or opposi-

tion to the passage through it of a wave of one sign,

the other se;onda.-:,' similltrl:' opposes a wzve of Opposii;
“sign. In cansequence, the waves of one sign will, ¢t =-
greater or less e¢xtent, pass by the way of one branch, -'f
while thoae of opposité sign in likxe mari.er pass over “hu
: ot_he_r_ .branch.

R Inl!en of satura:fng thé rrimaries by a2 source
of ué;l;;t"i;.rx;ions current, they may be included in the
'_bre.nchea C, D, respectively, =nd their secondaries peri-

odicaily shorte-circuited by any suitable mechaniczl dsg-

vices, such 28 2n ordinary revolving cozmutzator.



It will be und.rswond of course, ch:t the rotation znd
asztion of il ecnmuuizior mas% be in grnehronisn or in
proyer zcord with tte periods of the zliernation in or—
ner to sscure the desired resulis.
Such 2 disposition i3 represented digrammatically

in Pigure 3. Jorrespording to the previous figures,
A ig the generator of slterneting currentis, B, B, the
line end C, D, the two branches for the diwreget currents.
In branch C =re included two primary coils B, E', znd
in oranch D 2re w0 similer primerics P, P'. The corres-
ronding secondaries for t‘heso‘eoils end which 2re on the
aeme cubdivided cores J and J*, wre in circuits, the tu-
minals of which coarect to opposite se;xzenu ¥, K' md'_‘_.‘
.L, L*, respectively of = commutator - Brughes 'b b o
sca~ upon the commtator und sliernstely short-cirvuit
the plates K 2nd K' and D and L' through a connectien c.
Tt 48 obvious that either the magnets 2nd the :mnt..a..t-.or
or the brushes may revolve.

. The operation will be ur.dersto;d from a consid:er-'
gtion of the effecta of closing or ghort-circuiting the

[ ‘6'on.dalri'_.9'n_- Por example, if at the instant wzhen &

siveiiwa.ve of cnrrert passes, one set of secordz=ries be

. ghort-circuited neavrly all the current flows through the
icomspéﬁdins primaries, but the secordaries of the oth-
er bran:h being open eircuited, the self-induction in
the primaries is highest and hence 1ittle or no current

will pass through thet branch.

-
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If as the current zlternztes, tha Secordaries of +‘he iwo
tranches zwe &lternztely short-circuited, the respult
will be that the ¢ Zrrents of one sign 'pass over one
dranch and thage of the oprosite sign over ke other,

The diszdvanizces of tnis arrengement which would
seem L0 result from the emrloyment of sliding conzacts,
is in realisy very slight, inssmueh 25 the eleciromosive
force of the secorderics may pe made exceedingly low so
thzt sparkihs ﬁt the nrushes. ig avoided.

FPirure 4-is = diegram Fartly in seotion of another
plan of carr:;iné- out the invention,

The 2ircuit B in thig,case is divided 2s befowe
=nd each branch includes the :0ils of both the field and
revolving arm=tures of two induction devices, The arm-
atures 0, P, ara'prarcrably mounted on the gope shaft,

and are adjusted relatively ¢z one enother in such nane
ner that when the sclf-induction in one branch as C is
mﬁximum. in the other brznch D it ig minimum,

The ur=aturcs =re rotated in s:nechronism with the
al}ernations frem the source A, The winding or po~
sition of the a:mature coilg is such th=t a current in 2
given direation Jasced throuch bo*h arn.tures would es-
‘tablxah'in one, poles gimilar—to those in the adjacent
polas of the tield 2nd in the other, poles unlike the
adjacent fielad roles, =25 indicated by n, n, s, E,in the
drawéilng.

If the like Foles =re presentcd =s shown in ¢ir-



¢:it D, *he ~orditicn is that of = closed secondary unson
= primery, OF in the positicen of lezst {nductive resis—
tence, hence 2 given =lternation of current will pass
mainly throuzh ‘D, A half revolul it"m of the am.a-;
sures produces an 0% osite efrect =2nd whe su¢ceeding &1r

~ent impulse passes throar_;n Ce

Using this figar

e 28 =n illustrutxon 31+ is evi=

dent that the rields Ry R, may de rernsnsm‘. n-.-.znc's or
indepenc‘.en’.l:; cxcited 2nd the srmatures 0,2, drwen as
o 2s to produce alternate currents

in the prosent cess 8
which will sct up a} ternately, imprlses of oprosite di--
reci*.on in tha two usrenches D, c, which:in guch case
precuits and trﬂmaiating. de=-

vices only.
In Pigure 5 & plan slte-native with that d\dln..
1:{.".-'

3 is j1lustrated. In ‘he nreviou. ..au i

in Pigwre
r more pri- ‘

ustrated, ecach pranch C and D «.ontai.ned one ©
were periodically

econdaries of vhich ¥

the 8¢
m with the nl‘ernationa or

mary coill,

sbo't—cirouited, ih"éynehronts
o\irrent from he wein source A, and for t.r;i.: purpose _a.
comiuts.tor wes employed. The matter may, howeveT, be

e.nd sn armature 111.11 a-closed coil' sub=-

' dt spensed with,

: stituted.
in one of the branches, as

' Referring %o Pigure S,

¢, are two coils K' wound on 12minzted cores and in the
other brenches D arc similer coils M. A subdivided
or l_minated °ma£ure o' carrying 2 closed coil R' is

-Q-



rorted setmeen the coils W' N' =s ShOWDe
In ihe position grown, thet i8 with the coil R'
perallel with the convolu':.iomi'v'of the rrimaries N' M',
precticelly ihe wnole current w31l pass snrough branch D,
pecause the sclt-induetion in coils M' M' 38 paximute
the s.ﬁnaturc and coil Bo rotuted in syn=

171, the refore,
the same

th the alternatiorn
n the caseé of Pigure Se

g of the gsource &,

chronism wi

ave obtal "ed‘"a'.s i
in

resultis
¢ may be called

is an instz=nce of wha

tle me_ns of aecurins

aistinction +0 the others, a nigne
the resualts e-rived at in this invep.i.on. v a.nd.‘ are ‘

pem..nem. magnots,
'rne aymatures 2

provided with armturns

two StTOng
re m..de ot thin ;;,

v' %' rospectviely.l'v
amoum. of msgmuc;

oY steel, and the
c"l.cul.-.ted that t
A;o'.ml'l'ﬁni.

nas of soft iv:on
hey will.

lami
conta.in is s0
d by the m..greta.

ctively {in the

' etal which they
arly s-t.m'at.e

be mlly or ne
contair.ed raspe

armatures ere coils E P,

a{ts C and De:t
ns in this

‘eire
triczl cOndi't.io

The connec
rigure 2, ex:ept thut the e

s.r to thoee in
ure 2 is dispensed with and the
m the'-"f

tions and elec

case are simn

cux-re'nt source 1 of ?ig
sa.turation of the oore of coils EP obtained fzo

cma.nent magnets. '
g¢he 1two

P
s heretofore given,

In the illustrs.t.ion
pranches OF paths conte.tning the t.r':.nslating or jpduction
cs=ch jnstance srown &8 in dcrivation one

ot zlways necess..ﬂ.



Por exomule, in Pignwe 7, is zn zliernating cur-ent ser-
erztor, 3, B, the lirz wirez or circuit. At any given
point in the circuit two psths zs D D', =zre lorned, e.ndv
2t anotrer point two.paths 2s C C', Either pair of ..
proup of »nzths is similar to tne yrevious dispositions
with the electricel source or induction dev‘ice “n one
bwvanch only, while the two groups teken together form
the obvious equivalent of the cases in znich an induction
device or generzior is included in bOthl brzncnes.

In one of the psths 28 D are included the devices
10 be-opersted by the current. In the other brench
28 D' is an induetion device that opyoses the current
impulses of one.direction 2nd directs them t.hrdugh .t!'_le |
tranch Do - So also in brench C are translating agﬂag’”
G 2nd in the branch C' 2n induction duvice or its equiv-
alent thatdiverts through C, icpulses of opposite direc=
tion te thos_g diverted by the device ia branch D', ‘ -

A specisl fom of induction device for this puxﬁ
pose ig also Shovm. J J' are the cores formed with
pole piccea upon which are vound the coila M N. Betwee.f;
theae po:'.e pieces are mounted at right angles to oz;e a.n-
ot.hcr tho mgnetic amtures 0 P, prefersbly mounted on
the same nha';'tia.nd designed to be rotated in synchronise
with the alternations of current. \'-'hbn one of the arm

atures is in*line with the poles or in the position occu-

pied by =rmeture P, the m2gnetic circuit of the induct_icr.

-11-



device is ypwactically closed, hence there will be the
greatest oprosition to the passapge of a current throuch
coils K N, The alternntion will therefore pass by
wey of branch D; a2t the sume time, ‘he megnetio circuit
of tre other induction devi:e being broken be the posi=-
tion of the =rmature 0, tiwrc will be less oprosition to
th.e current in coils K vhich will shunt the current from
prznch C.

A‘revursa-l of the current bging attended by a-.':
shifting of the armetuwes the opposit‘e et‘x';;t .s prbducei-

There =zre neny other nodii‘icat;ona o‘r the means
or mathodé"ot carrying out this invention, but it is'not
dcermed neceesary herein to specifically refer to more
then those described =s they involve ihe_ chief _moditi;a-r_
tions of the pilan, | In 3ll'of t;:esa it will be .-obsenrcd
that there &s developed i: one or xll of the branches
of = circuit from e.- sou;-ce' of =lternating currents a.n
astive (as distinguished from =z dead) resistance, or op-
.'position._to.the currents of ore sigp for ihe purpose of
di#ertin_g the currenté of that sign through the other or
_a:_tg.:‘th'e'f' path, but pemitting the currents of opposite
sign to pass wbthout substantizl opposition.

Whether-‘ the diflsion'ot the currents or-waves
of cu.rr-ent of oprosite sign be effected with sbsolute
pre.c ision or not is immaterial to the invention since
it will be sufficient if the waves ure only partially

diverted or dirested, for in such c2se the preponderating

-]



influence in each branch of the circ:it of the waves of
cne eign secures the sarpe practical results in n-am-r if
not 211 resyects as though the cufrént were direct and
conti mous.

An elternating and dircct current have been com=
bined s0 that the waves of one direction or sign wars _
partially or- wholly overc;:trae by the direct curr-.-nt,‘but
by this plan only one get of slternations are utilized, .
whereas by thia cystem the entire current is r‘ond:ere'd
evailable.

By obvious gmlicai ions of this discoirery,- i.tj is
rossible to produce = sel:t-ex.:itinc nlté;nat‘:'lng dym:no“,-
or to operzte direct cur-ent meters on 2lterhating cur-
rent circuit, or to run verious devices, such ag =rc .
lamps, by direct currents in the same cireuit wi‘.ﬁ incan-
cdescent lsmps or other devices run by al ternating cur-
rents,

CLAIMS.,

1. The method hurein set forth of obtaining
direct from alternating currents, which consists in de-
veloping .br producing in one branch of s cirecuit from an
alternating current source 2n active resistance to ihe
current impulses of one direction,whereby the szid cur-
rents or wzves of current will be diverted or directed
through znntrer branch.

2. ~The method of obtzining direcet from slterna-

-12-



ting curr-ents, waich co.x':s'isté in dividing the path of zn
elternating current into branches znd 'develcpin'g _in ohe
of s=id bi-an:hes, ui‘.her. pemamntiy or periodicallf;,
an electrical .!‘orce or active-resistzr,ce gounter to or
opposing the currents or current waves of cne sign, z=nd
in the other brench 2 fox-ce counier to o.r‘ opposing the
surrents or cu"r'ez'*.é. ;za'.'és of cpposite sign, 23 set forth.
3. The method af obtaining direct from slter-
nating cuirents, which consizts in &ividing the path of
-the algrnating c.n'r-ent ‘into “r..m.hes, est-blishing rzelcb
of force and le=cding the s=zid brﬂrcl-es through s-id .
fields of force in subste ntiany the ma.nr.er set- forth,

whereby eleotro-mou:o forces of oppoaz*e di-eotion willi

res e
bO

be pmduccd them"n. v

4. The c'mbination with the branches of a ;uvm-
¢d circuit carrying a;ter;xating .cur:rem.s, of de;'!.c:;_in-"
cluding in or connected with the said branches eznd cepa-
ble of developing or exerting an a'clzt.:ive pp[.:osittioz;v_ox-_- '

electro-motive force counter to the current wuves or5'oxie'

dire:tion or sign, 2s herein set forth.

V/M" %‘I/K/ December //ﬁ
,a&;_,
1880, M 1<

Signedir ﬁepresenée_ of-
Srod F Gl
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TO ALL VHOL IT lAY COIC._ mH:

Be it known trat I NI¥OLA T:3L4A en engineer re-
siding at The Waldorf Astoria, corner Pifth Avenue and
Thirty Fourth Street, in the 2orough of Zannsttan, City
and State of Iew York, United States of Arerica, having
invented certain new axd useful improvcrents in FLUID
PRCPULSIOU, do heredy decleure the follouing 13 & full,
cleer and exect description of the sare.

In tze precticzl applicetion of mechsnicel power
based on the uze of a fluid as vernicle of cnergy it rLas
been derornstrated tnet, in orier 4o attain the nighect
econony, tre changes in velocity ané direction of move-
ment of the fluid should be as gradusl es poscible. In
the present forms of such errerasus more 2 less sudden
changes, shicks end vibrations, are unevoidsble. Pescides
tne explosment of the usuzl éevices for izparting to,
or deriving energy from a fluild, ac pistcns, pad.les,
vanes aid blades, necessarily in<rsiuces numerous de-
fects and limitations and eséés to the cozplication, cost
of rroduction end mainterance of the cachine.

The object of my invention is %o overcone these
deficiencies and to efiect tze trunsmiscion and trans-
formation of rechanitil energy through tke ecency of
fluids in a more verfect manner, end by rTeana cinmpler
ané more econoriccl than $ioce heretsfore erployed.

I accomplish this by ceusing the propelled or
rropelling fluid to move in natural paths or streem
lines of least resistcnce, free frox constraint and
disturbance such &s ocoscioned by vanes or kindred de-
vices, and to change its velocity and direction of move-
ment by imperceptible degrees, t::us avoiding the locses
due to sudden veriations while the fluid is rec.iving
or imparting energy.

It is well lmown %hat a fluid poccecses, among
otners, two sslient prorerties; adnesion and viscosity.



Owing to tnese & dody propel.ed tiLrcugh Sucti & mediux
encounters a peculiar impedircent known &S *lateral® cr
"sl-in resistance®, whricn is tws-f2ld; one arisirg from
+1e snock 3f the fiuid zgainst the asperities of the
solid sucstance, tre cther from internal forces oppos-
ing molecular separation. As an inevitaole conseguence
a ceriain amcunt of tne fluid is drupged along by the
moving hody. Conversely, if the tody 2e placed in a
fluid in motion, for tre sare reasons, i: is impelled
in the direztion of mroverernt.

“rese e:fezts, in tlemselves, are of daily ob-
servation, but I telieve trat I am the Zirst to apply
ther in a practical and economicel marnner of fluid pro-
pulsion. The nature of =¥ discovery and tle principles
of construciiorn of tre apraratus wrich I have designed
for carrying it out, I shall now prc:eed 0 describe
by reference to the accoxpanyily drawipgs wkich illus-
trate an operative and efIficient embodiment of the same.

Pig. 1 is a partial end view, and Pig. 2 a ver-
tical cross section ¢f & puzp Or CCEZpressor, which Figs.
3 and 4 represent, respectively, in corresponding views,
a rotary engine or turtline, botl machines being con-
structed and adapted to *e operated in accordance with
my invention.

Pigs. 1l and 2 snow & runner conposed of & plu-
rality of flat rigid disks 1 ol a suitaole diameter,
keyed to a shaft 2 and reld in position by a threaded
nut 5, a shoulder 4 and washers 5 of tne requisite
thickness. Each disk has a number of central openings
6, the solid portions Ttelween wrisn form spokes 7 pre-
ferably curved, as shown, for the purpose of reducing
the loss of erergy due ¢o the irpact of tne fluid.

This runner is mounted in a two-part< volute cas-
ing 8 having stuffing Toxes 9 and inlets 10 leading to
its central portion. In addition a gradually widenirng
and rounding outlet )1 is provided focrmed with a flange
for connection to & pipe as usual. The casing 8 rests
upon a base 12 shown only in part and suprorting the
bearings for the shaft 2, which being of ordinary con-
struction are omitted from the drawings.

An understanding of the principle embodied in
this device will be gaimed from tne Tollowing uescrip-
tion of its mode of operation.

Power teing applied to the snaft and the runner
set in rotation in the direction of the solid arrow, the
fiuid by reason of its properties of adxererce and vis-
cosity. upon entering throughk thke inlets 10 and coming
in contact with the disks 1 is teken hold of bty the same
and subjected to two forces, one acting tangentially in
the direction of rotation, and the other radially out-
ward. The combined effect of these tangential and cen-
trifugal forces is to propel the fluid with continuous-~
1y increasing velocity in a spiral path until it reach-
es the outlet 11 from which it is ejected. This spiral
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zoverent, free and vndisturted and esserzizlliy dapend-
ent on these properties of tne fluid, permitting it to
adjust itself to natural taths or sirea= lines znd to
crange its velocity end directicn by insensitle derrees,
is crnaracteristic of this method of rrorvulsion ond zd-
vantageous in its application.

¥While traversing tihe cramver ernclcsing the run-
ner, tre particles of ti.e fluid may complete one or ~ore
turns, or ztut a rart of one turn. In an; given case
their patnh can Ye :losely calcula*ted and sraphically
represented, out fairly accurate estimates c¢f turns
san te obtained simply by determining ti.e number of
revolutions required to renew the Jluid passing tnrough
the clamber and multiplying it by tne ratio tetween
the mean speed of :l.e fluid and taat of tne disks.

I have found that the gquantity of fluid pro-
pelled in inis nanner is, other conditions being equal,
approximately propcrtionate tc the astive surface of
the runner and to i:s effective speed. Por this reasdn,
the perfcor=ance of such machines augments at an exceed-
ingly high rate ®itl the increase of tieir size and
speeda or revolution.

Tne dimersicns of tne device as a whole, snd
sne spacing of tre disks in any given machine will bpe
determined by tre conditions and requirezents of spec-
ial cases. It may ve stated that the intervening dis-
tance should be the greater, the larger :tne dianeter of
the disks, the longer the spiral path of txe fluid and
tnhe greater its viscosity. 1In general tre spacing
should be such that the entire mass of <tnze fluid, be-
fore leaving the runner, is accelerated to & nearly
uniform velocity, not much below trat of the periprery
of the disks under normal worxing conditions and almost
equal to it when the outlet is closed and tle rarticles
move in concentric circles.

It may also he pointed out that such a puzp can
be rade without openings and spokes in the runner, as
by using one or more solid disks, each in its own cas-
ing, in which form the machine will oe exirnertly edapt-
ed for sewage, dredging and the like, when tne water is
charged with foreign bodies and spokes or vanes especial-
ly objectionable.

Another application of this principle whican I
have discovered to bte not only feasible, tut thorough-
ly practicable and efficient, is the utilization of
=achines such as above described Zsor tize compression or
rarefaction of air, or gases in general. 1In such cases
4t will be found that most of the ..eneral considerations
obtaining in the case of liquids, properly interpreted,
nold true.

Wken, irrespective of tne character of the fiuiag,
considerable pressures are desired, staging or compound -
ing may be resorted to in the usual way the individual
runners being, preferably, mounted on the same shaft.

3



It should be added that the same end may be atiained
with one single runner by suitadie deflection of the
fluid through rntative or stationary passages.

9re principles underlying the invention are
capable of embodiment also in +hat field of mechanical
enjineering whicr is con~erned in tne use of fluids as
motive agents, for while in soxe respecte the actions
jn the latter cace are Aireztly oppesite to those net
with in the propulsiscn of fluids, tne Tundamental laws
applicable in tre two cases are +<ne same. In cther
words, tn:e operztion atove describved is reversitle,
for if water or air under pressure ve adnitted to the
opening il tne runner is sat in rotation in the direc-
tion c? tre dotted arrow oy reason or tne peculiar
properties of the #luid wnizcrh, travelling in a spiral
pata and with continuously diminishing velocit:, recch-
es tne orifizes 5 znd 19 trrough wkich it is discharg-
ed. If tie runner be allowed to turn freely, in near-
ly frictionless bearings, its rim will attain a speed
closely approximating the maximum 5f that of the fluid
in the volute channel and the spiral path of the parti-
cles will be comparatively long, consisting of many al-
most circular turns. If load is put on and tre runner
slowed down, the motion of the fluid is retarded, the
turns are reduced, and the path is shortened.

Swing to a number of causas affecting the per-
formance, it is difficult to frame a precise rule which
would be generally applicable, but it may ba stated
that witnin certain limits, and other conditions being
the same, the torque is directly proportionate to the
squars of the velocity of tne fluid relatively to the
runner a=d to tke effective area of the disks and, in-
versely, to the distance separating tnenm. Tr,e machine
will, genmeralily, perform jts maximus work when the el -
fective speed of tue Funner is one half ef tnuat of the
fluid. But to attain the nighest economy the relative
speed or slip, for any given perforuance, should be as
small as possitle. This condition =2y bve to any desir-
ed degree approximated by increasing tne active area
and reducing the space obétween tue disxs.

When apparatus of the xind descrived is employ-
ed for the transmission of power certain departures
from similarity between transmitter and reciver may be
necessary for securing the be~: :esuls. It is evident
that, when transmitting power from one shaft to another
by such machines, any desired ratioc vetween the speeds
of rotation may he obtained by proper selection of the
diameters of the disks, or by suitabdbly staging the trans-
mitter, the reseiver, Or both. Put it may oe pointed
out that in one respect, at least, the two machines are
essentially different. In tre nuxp, the radial or sta-
tie pressure, due to centrifugal force, is added to the
tangential or dynaric, thus increasing the effective
head and assisting in the expulsion of tne fluid. In
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tne mctor, on thne ccntrary, the [irst ramed pressure,
being opposed *o thzt of supply, reduces the effective
iiead and tre velocity of radial flow tcwards the center.
Lgain, in thne Fropelled machine & grezt torque is al-
ways desiratle, this caliing for ar increased number

9f dieks and sraller distarce of seraration, while in
the prorelling ma-hire, -cr rimerous economic reasons,
the rotary effart oiould be thre srallest and the speed
the greatest practicable. ¥any Otner censiderations,
whick wil) naturally zugpest themselves, may arfect

the deiyn and construction, tut tre rreceding is thought
to ccntein all necessary information in this regard.

Tre greatest value of thise inventicn will te
found in its use for :the trermo-d: nzmis :onversion af
energy. PReference is now made *¢ Jirs. 3 ena 4, illus-
trative or t:e manner ir whier it is, zor may e, so
aprlied.

As In tre previous Tfipures. 2 ruuner is provid
ed made up «f disks 12 with vpenirgs 14 and spokes 15
wnich, in thnis sase. may te sireight. Tre disks are
keyed t» ard held in Fooition on & srtaft 18, mounted
to turn freely in suitatle bearings, not snown, and are
8eparated ty wasners 17 corforzing in srape with the
spokes and firrly united trereto Sy rivets 1l&. Yor
the sake of clearness but g few disxe, with compara-
tively wide intervening spaces, are indicated.

The runner is mounted in a casing comprising
two end castings 1¢ witk outlets 20 and stulfing bo:es
21, and a central ring 22, which is bored out to a
circle of a diareter slightly larger than that of the
disks, and nas flunged extensions 23 and inlets 24 in-
to which finished ports, or nozzles, 25 are inserted.
Circular gr-oves 26 and labyrinth pacxings 27 are pro-
vided on the sides of the runner. Surply pipes 28,
with valves 29, are connecied to tne flanged exterisions
of the central.ring one 67 the velives being, normally,
cLiosed.

With the exception of cersain rarticulars, which
will be Lereinafter elucidated, tre mode of operation
will be understood from the preceding description. Steam
or gas under pressure being allowed to pass tnrough tlre
valve at the side of the solid arrow, the runner is set
in rotation in clockwise direciion.

In order to tring out a distinctive feature as-
Sume, in the first place, that the motive mediur is ad-
mitted to the disk chamber through a port, that is, a
channel which it traverses with nearly uniform velocisy.
In this case, the machine will operaie &8 « rotary en-
&ine, the fluid continuously exparding on its tortuous
path to the central outlet. The expansion takes place
chiefly along the spiral Path, for the spread inward
is opposed by the centrifuzal force due to the velocity
of whirl srd by the great resistance :to radial exhaust.
It is to be observed that the resistance to the passage

5



of the fluid tetween tnhe platesr is, approximately pro-
portionate to the square o tune relative speed, w%hich

is maximum in the direction toewards thse :enter and equal
to the full tangential velocity of the fluid. Tne pz=th
of least resistance, necessarily taken in osedience to

a universal law of motion is, virtually, =2lso trhat of
leas* relative velocity.

¥ext, assume that the fluid is admitted to the
disx -~hember not through a port, but a2 diverging noz-
zle, a device conver<ing, wholly or in part, the ex-
pansive into veluclity-energy. The machine will then
work rather like a turbine, absorbting the energy of
kinetic momentum of the particles as they whirl, ¥ith
sontinuously decreasing speed, to the exnaust.

The above description of the operation, I may
add, is suggested by experience and obeervation, and is
advanced merely for the purpose of explanation. The
tndeniable fact is that the machine does operate, both
expansively and impulsively. When the expansion in the
nozzle is complete, or nearly so, the fluid pressure
in the peripheral zlearance space is sm.ll; as the
nozzle is made less divergent and its section enlarged,
the pressure rises, finally approximating that of the
supply. But the transition from purely impulsive to
expansive action =ay not b»e continuous trroughout, on
account of critical states and conditions and compara-
tively great variations of pressure may be caused by
small changes of nozzle velocity.

In the preceding it has teen essumed that tne
pressure of supply is constant or cortinuous, dbut it
will be understood taat the operation will be, essen-
tially, the same if the pressure ve fluctuating or in-
termittent, as tnat due to explosions occurring in oore
or less rapid succession.

A very desiravle feature, craracteristic of
machines constructed and operated in accordance with
this invention, is their capability of revereal of ro-
tation. Pig. 3, while illustrative of =» special case,
may be regarded as typical in this respect. If the
right hand valve be shut off and the fluid supplied
through the second pipe, the runner is rotated in the
direction of the dotted arrow the operation, and also
the performance, remaining the same as tefore, the
central ring being bored to a circle with this purpose
in view. The same result may be obtained in xany other
ways by specially designed valves, ports or nozzles
for reversing the flow, the description of which is
omitted here in the interest of simplicity and clear-
ness. For the same reasons but one operative port or
nozzle is illustrated which might be adepted to & vo-
lute but does not fit best a circuvlar bore. It will
be understood that & number of suitabls inlets may be
provided around the periphery ol the runaer to improve
the action and that the construction of the machine may

6



re modified in rary vayE.

Ztill anothier valuable and protacly unigue
guality ¢l sucr nolors ar crime movars may De descrit -
ed. ©P; proper ccnstructica i ovservince o WCrAlng
-onditions tl.e centrifugal [TesEuUre, Cprosine tne rass-
age of tne fluid, m:y, &3 alread;y irdic-ted, ‘e nzde
reariy egual t2 the pressure cr cuppLy whnen the Zaen-
ine is running idle. I the inlet section re large,
sm2ll cnanyes in the speed of revclutior will rroduce
great differences of flow whicn are furthar enmiarced
by the concomrittant Jariat’ons In tne lenpth. of <he
spiral path. 4 self-resulating mecrine i3 thus chiain~
ed bearing a stiriking reserctvlance 0 & direct-current
electric motor in *his r=spect thes, with great difler-
entee G- impressed pressure in a wide open channel the
flow of the Zluid througr the same is prevented oy
virtue of rotatioa. since tne centrifussl head in-
creases as tre square of tre revolutions. or even more
rapidly, and witk mocern high grade steel great reri-~
pheral velocities are practicable, 1t is possible to &at-
tein that cendition in a single stage rachine, rore
readily if tie runner ds of large diametler. Obvicusly
this problenm is facilitzted by sc.poundine, as will be
understcod LY those skilled in ike Aart. Irrespective
of its bearing on econcmy, tais tendency wkich is, ¢O
a degree, common to motors of ihe above description,
is of special ad/antage in the cperetion of large units,
as it affords & safeguard againss running sy and deas-
truction.

Desides these, sSuch a prime mover possesses
many other advantecges, roth constructive and operative.
It is simple, ligh%t and compact, subjeszt to but little
wear, cheap and exceptionally easy to manufacture as
small clearances and accurate milling werk are not es-
sential to good performancs. Iz operation it is re-
liable, there being no valves, sliding contacts or
troublesoze vares., It is almost free of windage, large-
1y independent of rozzle efficiency and suitable for
high as well as for low f£luid velccities and speeds of
revolution.

It will te understood that lhe principles <f
construction and operation ebove generalily set forth,
are capable of emoodiment in machines of ths xost wide-
ly different forms, and adapted for the greatest variety
of purposes. In my rresent application I have scught
to describe and explain only the general and typical
applications of the principle which I telieve I am the
first to realize and turam to useful account.



Having now particularly descrited a.ad ascer-
tained the nature of this said invention, and in wnat
manner tne sane is to ve perforred, I dezlere that waal
1 zlzim is:

i. The method of imparting ener:sy to or deriv-
ing it from & fiuid, vased on adnhssive and visccus ac-
tion, whicn consists in admitting the fluid to the cen-
tralor peripheral portion ol & rotatly arranged systen
ana causing it to f1lcw, under the comtined astion of
radial and tangential forces, in a spiral path -owards
+he peripnery, Or tre axis, of the rotating systen, a8
set fortn.

2. As an jrprovenent in the sransnission of
power the method of imparting ener¢y sty or deriving i
from a fluid, hased on adhesive enc viszuus action,
whicn consists in causing the £iuid to flow, vnaoer the
comnined action of radial and sancential forces, in
surved paths away irom, or towards tre nxis of a rota-
bly arramned rigid system, as set fortn.

z., “he =ethad of imparting energy to or deriv-
ing it from a fluid, vased on adriesive and viscous ac-
<ion, which consists in adnistinz the £1uid to the
sentral or peripheral portion af a rotably arranged
systen and causing it to »1ow, under the zombined ac-
tion of radial and tanyential iforces, in a spiral path
with gradually increasing or dipinisning valocity to-
wards the periphery, or the axis, of the rotating sys-
ten, as sed forth.

4. ~une method of devivinz enersgy from a moving
fluid, based on adnesive and vissous action, wnich con-
sists in admistting thne fluid to the peripheral portion
of a runner and causing it to give up 1us energy of
movement while flowing with continuously diminishing
velocisy in & spiral path towards the axis of the run-
ner, as set forth.

5. The method of imparting enerzy to a fluid,
vased on adhesive and viscous action, which consiste
in adaitting the fluid to the ceatral porticn of & run-
rer and sausing it to flow, oY the ccmbined effect of
the tanfential and rzdial forces, in a spiral path with
continuously increasing valocity towards +sne periphery
of tne runner, as set forth.

6. A fluid propelling or fluid propelled mach-
ine consisting in the combination of a shatt, 2 plural-
i1ty of disks spaced apart and mounted 02 the same, and
ports or passages of inlet and outlet adjacent to the
center and peripnery of said disks, as set forth.



7. 4 fluid motor or engine coxprisirg in com-
bination a plurality of spaced plane rotaoiy mounted
disks, and ma3ans for admitting or discharging the fluid
at the center and periplier; of said disks, 2s set forth.

6. A fluid proepelled muchine ccomprising in com-
binatiun a plurality of spuced plane rotably mounted
disxzs, an enclcsing easing =nd ports or passages Oof in-
let a2nd cutlet at the center and periprery cof the cas-
ing, as set furth.

9. & fluid mo:sr or engine cormprising in cox-
tination a runrer ~copcsed of a plurality of disks ro-
tahiy =zountaed with intervenin: spaces, and a casing en-
closing the runrer rrovided with ports or passages of
inlet and cutlet ai the &xis and periphery of the run-
ner respectively, as set fcrth.

10. A fluid motor or engine corprising in com-
bination a runner compused c¢f a plurality of disks mount-
od at intervals and forzed with cpenings near their
centers, and means for admitting a ligquid to or dis-
charging it from the spaces vetween tre disks and lo-
cated respectively at tre center and periphery of the
same.

11. A thermo-dyneamic converter comprising a
shaft, a plurality of disks spaced thereon, an inlet
for the motive fluid at the reriplrery cf the disks aund
tangential thereto, and an outlet at the central por-
tions of the same, 2s set forth.
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To all whom 1t rmay concern:

Be it nown that I, Nikola Tesla, a citizen of the United
States, residing in the Bofough of ¥anhattan, in the City,
County, and Statei of New York, khave discovered a new and useful
Improvement in the Art of Transmitting Electrical Energy Through
the Fatural Xediums of which the following is a specification,

reference being had to the d.rawinga accompanying and forming a
part of the sanme.

It is kmcwn since a long time that electric currents may
be propagated through the earth, and this knowledge has been
utilized inmny ways in the transmission of signals and the
operation of a variety of receiving devices remote from the
source of energy, mainly with the object of dispensing with a
return concucting-wire. Itia also known that electrical dis-
turbances may be transmitted through rortions of the earth by
grounding only one of the poles of the source, and this fact I
have made use of in systems which I have devised for the purpose
of transmitting through the natural media intelligible signals
or power and which are now familiar; but all experiments and
observations heretofore made have tended to confirm the opinion
held by the majority of scientific men that the earth, owing to
its immense extont, although posaauing conducting propertiu, |
does not bekhave in tho manner of a condnctor or linitod diun-
sions with respect to ths disturbunou producod, 'but, 0n thc _
contrary, much like a vast rnex'vo:lr or ocu.n, 'hich,'hilc.i.t :
may be locally disturbed by a commotion or sono kind remains
unresponsive and quiucont in a large part or as a thole. szm
another fact now of eomon lmovlodge is that when eloctried
waves or oscillations nrovu:presud upon such a conducting-path
as a mstallic wire _t!ﬂgqt}?g :t_akes Place: under certain condi-



tions fronp the ends or the ¥ire, ang in consequence of the inter.

vast dirensions and contrary to all Observations heretorore
made the terrestrial €lobe Ray in g large Part or as g whole
bshave towarg diaturbanceo irpresseq UpPon it in the same manner
&8 & conductor Of limiteq 8ize, thig fact being demonstrated
by novel phenomena, which I aha1y hereinatier descrite,

In the course or certain 1nvgatigations which I carried op
for the Purpose of 8tudying the effects or lightning diachargen
upon the electrical condition of the earth I observeq that
8énsitive Tecelving inatrumenta arranged so ag to de capable or
Yesponding to electrical disturbances created by the discharges
&t timeg falled to respond whep they should haye done 80, and
upon hquiring into the causes or thig unexpected behavior I
discovereq it to be aue to the Character o¢ the electricay waves
which were Produced in tpe earth dy the lishtning discharges
nd which hagq nodal regions ronoung at definite distances fhe‘
shifting source of the disturbarces, From datl’qbtunod in a

this xing may be pfdpagated in a1 'd.trections over the globe



broperties of the earth, Recognizing in the existence of
these waves an unnistakable evidence that the disturbances
created had beep conducted from their origin to the most remote
portions of the globe and had oe=n thence rerlected I conneiv-
ed the idea of Producing such waves in the earth by artificial
means with the object of utilizing them for Fany uaseful purposes
Ior which they are or might te found applicable. This Problanm
was rendered extremely difficult owing to the irmense dimensions
of the Planet, and consequently enormous movement of electricity
or rate at which electrical énergy had to pe delivered in order
to &pproximate, even in & remote degree, Dovements or rates
which are manifestly attained in the displays or electrical
for‘ees in nature anq which seemed at first unrealizable by any
human agencies; but by gradual and continuous improvements or
4 genorator of electrical oacillationa, which I have described
in ny Uniteq States patents Nos. 645 »976 and 649 2621, I finally
Succesded in reaching electrical movements or rates of delivery

T eleotrical energy not only &pproximatzing, but, as shown in
my_. oomparative tests and measuwremsnts, actually surpassing
thoae or lightning d:lsdm-gon, and by means of this apparatus
I have found 1t .possidle to mw%e. whenever desired pha-
aomna. in the earth the Bame as or similar to tmu due to such
dischargu. With the knowledge of the phonomsna d.tloonred 'by

¢ md the means at commang ror uccon:pnshing thue ranlt- I-
anm enabled not only to carry out many operations by th. uu or
known Matrmnts, but also to orrcr a solution tor mny 1uport-
ant problems m'olving the operation or eontre]. or romto d---;
vices which for n.nt of this knowledge and the a‘bnnce or "","_P’ ‘
means have heretofore been entirely impossible. For example,

by the use of such a generator.of stationary waves and receiving:



apparatug Eroperly placed and adjusteg in any other locnlity,
however remote, it ig Practicable to transmit intelligible 8igw
nals or to control or actuste at will any one or all of such

apparatus for meny other irportant and valuable Purposes, as

ternining the ciurse of a noving object, such as a8 vessel at
8ea, the distance traverseq by the same or its speed, or for
Producing mny other useful effects at a distance dependent on
the 1ntenait;:, wave length, direction or veloeity of Dovement,
or otlker feature or P=roperty of disturbances of this character

I shall typieally 11lustrate the manner (3 4 8PPlying my

namely, the transnission of intelligiple 8ignals or Ressages
between distant Polints - ang with this object Teference is now
made to the aeeomanying-drawings, in whieh -

Figure 1 represenis diagrumatically the generator which
Produces ctationuy waves in the earth, and Pig. 2 an &rparatus
situated in o remote locality gor recording the effects op

these WRves,

Cable or hupprecuble roaintmeo, the ends or which are co,z.:_—-A
nRected to the terminals of & =surce or Powerful electrical og-

clllations, diagrmaticauy Fopresonted vy g. This source ig



erounded, as indicated, the Coil ¢ nay he Joineg in Beries op
Otherwige to the Pricary 4, in which case the latter will be



oW coil
be snmalj, The sTiral rorglc Becures tnig advantage, while <he

A
turns negs the Primary 4 are subjecteq to a 8trong inductive

&ction ang develop g high inttixy electrozzotive force, These
constructiva Teatureg indicated rigorouab obser‘ved, the elsg-
increase being directly proportionate to the mductmca and

rrequenc;,' and 1nveraely to the registance of the Secondary 8ys~

tem, 7T have found i+ dracticabla to Produce in tais Danner an

Trise to & variety of novel ang str:lking phenonena, &10ng which
are thoge alrotd; descripeq, The Powertul electrical oscillg.
>r,

the &round-plate 2 DRy be Considereq to be the Pole. Stated

Yor the pro‘l"ent it winy

be Sufficient to state that the planet behaves 1iye & perfectly



capacity and self induction uniformly distributed along tne axis
of syrmetiry of wave propagation and tranamitting slow electri-
cal escillaticns withaout sensible distortion and attenuation,

Besldes tis above three requirements seem to be essential
to the estatlisnment of the resonatin: condition.

First. The eartin's diameter passing through the pole shoul
be an odd multiple of the quarter wave lengta - that is, of the
ratio between tne velociiy of lignt - and four times the frequer
¢y of the currenis.

Second. It is necessary to enploy oscillations in which
the rate of radiation of energy into space in tie form of hert-
zian or electromagnetic waves is very small, To give an idea,

I would say that the frequency should be smaller than twenty
thousand per second, though shorter waves might be practicabdble.
The lowest frequency would appear to be six per second, in which
case there will be but one node, at or near the ground-plate,
and, paradoxical as it may seen, ‘_the effect will increase with
the distance and will be greatest in a region diametrically op-
posite the transmitter. With oscillations still slower the
earth, strictly speaking, will not resonate, but simply act as a
capacity, and the variation of potential will be more or less
uniform over 1ts entire surface.

Third. The most essential requirement is, however, that
irrespective of frequency the wave or nve-train should con-
tinue for a certain interval of time, which I have estimated to
be not less than cne-tweslfth or probadly 04.08484 of a second
and which is taken in passing to and returning from the region
diametrically opposite the pole over the earth's surface with a
mean velocity of about four hundred and seventy-one. thousaad

two hundred snd forty kilometars per second.



The Presence of the statioaary waves nay be detecteqd in
many ways. For instance, & circui: may pe connecteg directly
or 1nductively to the ground ang to an elevated terminal and
tuned to respond more effectively ¢¢ the oscillations. Another
way is to conrecs 2 tuned cireyit to the ground at two points
1ring more or less in a neridian Passing throug: 1. 1:le 2 or,
generally stated, to any two points of a different potential,

In Fig. 2 I nave shown a device for detecting the presence
of the waves such as I nhave used in & novel msthod of magnify-
ing feeble effec:s ¥hich I have described in my United States
patents Nos, 635,953 and 635,955, 1t consists of a cylinder of
inauhting material, which is moved at a uniform rats of speed
by clockwork or other suitadble motiys Power and is provided
wita two metal rings B B, upon which bear brushes 2 and a', con-
hected, respectively, to she terninal plates P &nd P', PFronm
the rings B B extend narrow metallic segments 8 and s', which
by the rotation of the cylinder are brought alternately into
contact with double brushes b and »', carried by and in contact
with conducting-holders h and n', supported in m2tallic bearings
D' D', as shown. The latter are connected to the terminals T
and T' of a condenser C', and 1t should be understood that they
are capable of angular displacement as ordinary brush-supports,”
The object or using two brushes, as D and »', in each of the |
holders h ana h' is to vary at will the duration of the electrie
contact of the plates P and P' with the terminals T and T!', to
which is conneated a recelving-circuit including a receiver R
and a device 4, performing the duty of closing the receiving-
circuit at predstermined intervels of time and di8charging the

stored energy through the receliver. In the present case this

device consists of a oylinder m)ﬁ"e:toyconducting and partly of
. 8~




insulating raterial 2 and e', respectively, waich is rotated a*
the desired rate of sreed by any suitable means. The conducte
ing vart e is in geod electrical connection with the shaft S
and is provided with tapering segnents £ £, upon which slides a
brush k, supported on a conducting-rod 1, capable of lorgitudi-
nal adjustment i- a mevallic support n. ~Another brush, n, is
arranged to bear upon the shaft S, and it will be seer that when-
Over one of the segments £ comes in contact with the brush k the
eircult including tre receiver R is completed and the condenser
discharged through the sane. 37 an adjustmen: of the speed or
rotation of the cylinder 4 and a displacement of the brush k
along the cylinder the circult may be made to open and closs in
as rapid succession and remain open or closed during such inter-
vals of time as TAY be desired. The plates P and P', tnrough
which the electrical energy is conveysd to the brushes & and a',
may be at & considerable distance rrop each otner in the ground
or one in the ground and the other in the air, Preferably at
some height. If but oge plate is connected to earth and the
other maintained at an elevation, the location of the apparatus
must be determined with reference to the position of the sta-
tionary waves established by the generator, the effect evidente
1y being greatest 1- & maximum and zero in a nodal region. On
the other hand, if bo:th Plates be coannected to earth the points
of connection must be selected with reference to the difference
of potential which it is désired to seoure, the strongsst ef-
fect being of course obtained when the plates are at a distance
equal to half the wuve length.

In 1llustration of the operation of thae system let it be
assumed that alternating electrical impulses from the generator

are caused to produce stationary waves in the earth, as above



described, and that the receiving apparatus is Properly located
with reference to the position of the nodal and ventral regions
of the waves. The speed of rotation of the ¢rlinder first des-
cridbed is varied until it is made to turn in synchronism with
the alternate impulses of the generator, and thae position of the
brushes Db and b»' is adjusted by angular displacenent or othepr-
wise, 8o that they are in contact with the segments 8 and s
during the periods when $he impulses are at or near the maximm
of their intensity. These requirements being fulfilled, elec-
trical charges of the same sign will be conveyed to each of

the terminals of the condanser, and with each fresh impulse 1t
will be charged to a higher potential. The speed of rotation
of the cylinder 4 being adjustable at will, the energy of any
number of separate impulses may thus be accumulated in potential
form and diacharged through the receiver R upon tke dbrush k
coning in contact with one of the segments Z. It will be under-
stood that the capacity of the condenser should be such as %o
allow the dﬁ-ing of a much greater amount of energy than is .
required for the ordirary operation of the receiver., Since ‘by <

this mthod & relatively great amount of anergy and in a suite-

- the latter need not be very unutin, but 'han tba hmulsu :

are very weak or vhcn it is dosircd to opcr-.tc a. reeoiver nx-'y'
rapidly any ot the nn-knm aonsitin, daviou capa‘blo or ru-
ponding to vary feebdle innucnou may ‘bo used 1n tho unner 1::- ';:,
dicated or in other ways. Undor the conditions ducrfbed 1t 1- -
evident that. during the oontinumce of tha -tstiom.ry mu tho )
receiver will be acted upon by ourrent upnlses more or less
1ntcnae aoccrding to its locst:lon v:lth reference to the maxima
and ninim ot n!.d mu, but on utcrrupting or reducing -



the flow of the current the stationary waves will disappear or
diminis in intensity. Hence a great variety of effects may be
produced in a receiver, according to the mode in wkich the waves
are controlled. It is practicable, however, to shift the nodal
and ventral regions of the waves at will from the sending=-sta-
tion, as by varying the length of the waves under observance of
the above requirements. In this manner the regions of maximum
and ninimum effect may be mads to coincide wiik any receiving
station or stations. By impressing upon the earth two or more
oscillations of different wave lengt:: a resultant stationary
wave may be made to travel slowly over the globe, and thus a
great variety of useful effects may be produced. Evidently the
course of a vessel may be easily determined without the use of

& comnass, as by a circuit connected to the earth at two poﬁ:ts’,_

for the effect sxerted upon the circuit will be greatest when
the plates P P' are lying on a meridian passing through grounde
Plate E and will be nil when the plates are located at'a pa.rﬂ: .
lel circle. If the nodal and rentral regions are naintau:ed. in ?
fixed positions, the speed of a vessel carrying x receivisg up—
paratus m be exactly cormputed from observations of the m
and mm reglons succeuively trﬂeraed. This w111 be underﬂ
stood rhexfﬁ:lt is statod that tho projectiona of all the nodee’
and loops on the ou'th's dimter msl.ng through tho polo o: :
axis of symmetry ot tho nn-monnont aro all tqul ﬁnu .
in any rogion at the surface the nvo,hngu; ‘oan 'bu uce-rtm
from si.:plt rulca of geomotry. Canruly, hzo'l.ng thl W
length, tho diatance fron the sourea. cm bo readily cslcal&ted.
In uh ws the distmco or one point rron nnothcr, the htt-
'tudc and long:l.tudo the ‘hour, oto.hm e dnternined from thy'

o‘bumuon of -ucn st:tionu’y mts. Ir ll"ll"l such genera~



tors of stationary waves - preferably of diffsrent lengths -
were Installed in judiciouamly selected localities, the entire
globe could be suh-dividad in definite zones of electric activ-
ity and such and other important data could be at once obtained
ty simple calculation or readings from suitably graduated in-
struments,

The specific plan of producing the stationary wsves, here-
in described, might be departed from. For example, the circuit
which impresses the powerful oscillations upon the earth might
be connected to the lattsr at two pointa.

In collecting the energy of these disturbances in any ter-
restrial region at a distance from their source, for any purpose
and, more especially, in appreciable amounts, the most econoaie
cal results will be generally secured by the employment of my
synchronized receiving transformer. This invention, forming
part of my system of transmission of energy through the natural
media, has been fully explained in the patents first cited here,
but for the better understanding of the present description it
is diagrammatically illustrated in Fig. 3. Its nost euenth.l
part is a oircuit Ej C; D) which is comnnected, arrange! and ul- “"

Jnstec. similarly to tte transmitting circuit E C D and which 1- -_;:

1nductively linked rl.th 1 secondn.ry eircuit Ay. The latter, ;

of' mixmu potential co:.neme ‘witn m »
nndar \mi.ah comuti.ons tho groatut munt or nvc onery m
‘boA ool:_l.cqto__d nnd rendered _ng.llnplg in the secondary eircuit A,

12z,
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for useful purposes,

To complete this description, it may be stated that when
it 1s desired to operate, independently, a great many receiving
devices, by such stationary waves of different lengths, the
principles which I have set forth in my British patent 14,579
(1901) and in ry United States patents Nos, 723,188 and 725,605
(1903) may be resorted to for rendering tae signals or quanti-

pPa-leatay
ties of energy intended for uw-parﬂouiaﬁ-receiver or receivers
non-interfering and non-interferabdls.

In the above I have briefly outlined my discovery and in=
dicated only a few uses of the same, but it will be readily
seen, that it is of transcending importance for the advancement
of many arts and incustries, new and old, and capadble of in-

numsrable valuable applications.



Vhat I elain ag Ly ioventiog is:

1. “he art bereia describeg Zor trsns:itting elect-
rica] energy to 5 fistagge Consistins iq estsblishing
stationsry electrisg] vaves in tje eartk by im;ressing there-
%0 electriga] 9201illationg of deligite frequency,

2. The art hereig descriteg Ier transzitting elect-
Tieanl €oergy to o Cistance Cocsistiag ig establishing elect-
rical 0scillatigpng agd impressing said Oscillations Gpon the
earth =pg ’Toducing thereip stationary electrig waveg, ,

3+  The art herein deéscribted 2oy transmitting apd utilig.
inz electrical eoerzsy coasistieg (g estahlishing statianary
electrics] waves in the earth, ang operating thereby gpe or
mgre recoivicy deviges Temote fror the source of epergy, :

4. The art hereip described f.r transmitting-and utiliz.
ing eleotricay eaergy ccnsisting in estsblishing stationary
electrioa) Waves 1p the earth, apg Operating thereby oce or
more Teceivipy devices rerote frorm the sotrece c? egcerzy ang

Properiy located with Tespect tg the position of S9id waves,

. 8« The art hereis descripes for tracecittiog apng utiiinéf

iog 8leotrioal energy Cousisting {1, establiehing atationnri?"

electrica) waves ir the earth, apng varying the length_ot snoh%

inénqiootnionl_enorgy.conninting in estnblinhing stn@innn;;
©180trioal ‘veves 1 the edetn, ana Sh2ti0g the iodal;and,
nnntnéi:rzginnn of saxdt-;¥§;:;?§;” SN
. _7;:7’-dn5aré Eefn;n,énnniiynni?bn{tfnnnifé o

nridalﬁnnbnsi nnnniatinégin.ninnub'




~ eleotrical esergy consiattng in eatablishins elootricalr*,
lfwavea of detinita lcngth and duration and’ 1mprass;n§ said

8« The art nerein described for transcitting elect-
rical ecergy which consists in establishing stationary elect-
Tical waves of different lengths varyios the lenstbs c¢f s=id
vaves npd causicg thereby a resultant wave or affecet to
travel with tkte desired velocity throughout the catural medinmg

9. The srt herein described 2or trapscittisg »nd utiliz-
iog electrical ecergy consisting in establishing staticecary
electrical waves, izrressing :said waves upoo the patural a n-
ducting rmediux, veryiog the ictensity of snid waves and PTrO-
duoing thered; rerceptible affects in distant receivers., |

10. The art c? producicg affects at a distsnce consistéf
icg 12 estatlishing stationary eleotrical waves, impresaing
said waves upon the terrestrial globe, varyicg the character}ég
tios apd relaticns of sgid waves apd eausing theredy affects
in distant receivers.

1l. The art hereis described for transmitting and utilig;
ing electrical eoergy consisting is establishing stationary
electrical vaves, impressing the affect of satd waves upoon
the natural rediom, positioninz receiving aspparatus at
different places through said medinm ecd determining from
the affects or icdications of said receivicg apparatus the
condition of said medium.

12, The art herein described for transmitting

J'!a.a

‘ 'aves upon the natnral medinm.and thereby throwing said'

oatural zed ium 1nto resanance_; '

. 13.

- s ".‘; *?
s*ablishins eleoﬁiical 'avoa‘px ef{n

"f.-'.'.‘..?*

and 1mpressing said 'cvea_upor said- natural mcdinm nntil

the aamn beoomos resonant.

length and duration;



-15=

14, 1In a syster for the transcission of electrical
eoergy, transmittieg spnaratus comprising a rrimary ex-
citiog oircuit ecergized by a geseratcr of alterpating
currerts snd a resoasst secondary circuit of bigh =ell-
icduetisn 2pd small resistacce loosely linked with the
primary aod adapted for throwinz the terrestrial gzlobe

iato resocsnce, as set forth,

15. In the system for the transrission of eleotrical
epergy, 8 source ol primary electrical osaillatioms such
as a condenser dircuit =2nd a secondsr; cireuit inductively
linked with the same apd adapted for tkrowinz the terres-

trial globe into resonance, as specified.






