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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,

(i et T Y



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.






