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To all whom it may concern:

Be it known that I, NIEOLA TESLA, & citi-
zen of the United btates, residing at New
York, in the county and State of New York,
have invented certain mew and useful Im-
provements in Electrical Transformers, of
which the following is a specifieation, refer-
ence being had to the drawings accompa.ny
ing and forming a part of the same.

The present application is based upon an
apparatus which T have devised and employed
for the purpose of developing electrieal cur-
rents of high potential, which iransformers
or induction-coils construeted on the prinei-
ples heretofore followed in the manuiacture
of such instroments are wholly incapable of
producing or practically utilizing, at least
without serious liability of the destruction of
the apparatus itself and danger to persons
approaching or handling it.

The improvement involves a novel form of
transformer or induction-coil and a system
for the transmission of electrical energy by
means of the same in which the energy of the
sonrce is raised to a muoch higher potential
for transmission over the line than has ever
been pmct.lcally employed heretofore, and the
apparatug is eonstructed with reforenceto the
prodnotion of such a potential and so as to
be not only free from the danger of injury
from the destruction of insulation, but safe
to handle. To this end I construct a._n indue-
tion-goil or transformer in which the primary

in such manner that the convolutions of the
conductor of the latter will be fartherremoved
from the primary as the liability of injury
from the effects of potential increases, the
terminal or point of highest potential being
the most remote, and so that between adja-
cent convolutions there shall be the least pos-
sible difference of potential.

The type of coil in which the last-named
features are present is the flat spiral, and this
form Y generally employ, winding the primary
on the outside of Lhe secondary and taking
off the current from the latter at the center
ovinner end of thespiral. Imaydepart from
or vary this form, however, in the particulars
hereinafter speclﬁed

In constructing my improved transformers
I employ & length of secondary which is ap-

Horlal Ko, 628, 463. (Mo model) -

proxlmately one-quarter of the wave length
of the electrical disturbance in the cirenit in-
cluding the secondary coil, based on the ve-
locity of propagation of elect.ucal disturb-
ances through such cireuit, or, in general, of
such lengih that the potentml atthe terminal

‘of the secondary which is the more remote

from the primary shall be at its maximun.
In using these coils I connsect one end of the
secondary, or that in proxlmlty to the pm-
mary,toearth, and in order to more effoctually
provide nga.mst- injury to persons or fo the
apparatus I also connect it with the primary.

In the accompanying drawings, Figure lisa
diagram illustrating the plan of winding and
connection which i employ in constructing
my improved coils and the manner of using
them for the transmission of energy over long
distances. Fig. 2is aside elovation, and Fig.
3 a side elevation and part section, of modl-
fied forms of induction-coil made in accord-
ance with my invention..

Adesignates a core, which may be maﬂuettc
when so desired.

B is the secondary coil, wound upon said
core in generally spiral form..

C is the primary, which iz wound arcund
in proximity to thesecondary. One terminal
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of the latter will be at the center of the spiral -

eoil, and from this the current is taken to
line or for other purposes. The other termi-
nal of the secondary is connected to carth
and preferably also to the primary.

When two coils are used in a transmission
gystem in which the cnrrents are raised to a
high potential and then reconverted toalower
potential, the receiving-tranaformer will be
constructed and connected in the same man-
nerag thefirst—that is to say, theinner or cen-
ter end of what eorresponds to the secondary
of the first will be connected to line and the
other end to earth and to the loeal eircuit or
that which corresponds to the primary of the
first. In such case also the line-wire should
be supported in such manner as to avoid loss
by the current jumping from line to objects
in its vieinity and in contact with earth—as,
for example, by means of long insulators,
mounted, preferably, on metal poles, so that
in case of leakage from the line it will pass
harmlessly to earth. In Fig. 1, where such
a system i3 illusfrated, a dynnmo G 1is con-
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veniently vepresented as supplying tho pri-
mary of the sending or ‘““step-up” trans-
former, and lamps 1 and motors K ave shown
as connected with the corresponding cirenit
of the receiving or ““ step-down ™ transformer.

Instead of winding the coils in the form of
a flat spiral the secondary may be wound on
o support in the shape of a frustum of a cone
aud the primary wound around its base, as
shown in Fig. 2.

In practice for apparatus designed for or-
dinary usage the coil is preferably constructed
on the plan illustrated in Fig. 8. In this fig-
ure L L are spools of insulating material upon
which the secondary is wound—in the present
case, however, in two soctions, so as to con-
stitute really two secondaries, The primary
C is a spirally-wound flat strip surrounding
both secondaries B.

The inner terminals of 1he secondaries are
led out through tubes of insulating material
M, while the other or outside terminals are
conneeted with the primary.

The length of the secondary coil B or of
oach sceondary coil when tio are used, as in
Fig. 3, is, as before stated, approximately one-
quarter of the wave length of the cleetrieal
disturbance in the seeondary cireunit, based
on the velocity of propagation of the eloe-
trical disturbance through the coil itself and
the eirguit with which it is designed to be
used--that is to say, if the rato at which o
current traverses the circuit, including the
coil, be one hundred and eighty-five thonsand
miles per second, then a frequency of nine
handred and twenty-five per second would
maintain nine hundred and twenty-five sta-
tionary waves in a cirenit one hundred and
eighty-five thousand miles long, and each
wave length would be two huodred miles in
length, Trorsuch a frequency I should usca
secondaly fifty miles in length, so that atone
terminal the potential would be zero and at
the other maximuom,

Coilsof thecharacterherein deseribed have
several Important advantages. As the po-
tential increases with the number of tulns
the difference of potential between adjacent
turnsiseomparatively small, and henco a very
high potential, impraetieable with ordinary
coils, may be successfully maintainerd.

As the secondary is electrically connected
with the primary the Iatter will be at sub-
stantially the same potential as the adjacent
portions of the seecondary, so that there will
be no tendency for sparks to jump from onc
to the other and destroy ihe insulation.
Moreover, as both primary and secondary are
grounded and the line-terminal of the coil
carried and protected to a point remote from
the apparatus the danger of a discharge
through the body of a person handling orap-
proaching the apparatus is reduced to a mini-
mum.

I am aware that an induetion-coil in the
form of a flat spiral is not in itself new, and
this I do not claim; but

What I elaim as my invention is—

1. Atransformer fordeveloping orconvert-
ing currents of high potential, comprising a
primary and secondary coil, one terminal of
the secondary being clectrically conneccted
with the primary, and with earth when the
transformer is in use, as set forth.

2. Atransformer fordeveloping orconver-
ing enrrents of high potential, comprising a
primary and secondary wonnd in the form of
a fiat spiral, the end of the secondary adja-
cent to the primary being clectrically con-
naeted therewith and with earth when the
trausformer is in use, as set forth.

3. Atransformer for developing orconvert-
ing currents of high potential comprising a
primary and secondary wound in the form of
a spiral, the secondary being inside of, and
surrounded by, the convolutions of the pui-
mary and having its adjacent terniunl elec-
trically connected therewith and with earth
whon the transformer is in use, as set forth.

4, Inasystem for the conversion and trans-
mission of electrical energy, the combination
of two transformers, one for raising, the other
for lowering, the potential of the eurrents,
the said transformers having one terminal of
the longer or fine-wire coils conneeted to line,
and the other terminals adjacent to the
shorter eoils electrienlly conneeted therewith

- and Lo the carth, as sei forth.

NIKOLA TESLA.
Withesses:
M. Lawsox Dyzx,
G, W, MARTLING.
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