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To all whom it may concern:

Be it known that I, N1EoLA TESLA, a citi-
zen -of the United States, residing in the bor-
ough of Manhattan, in the city, county, and
State of New York, have invented certain new
and useful Improvements in Methods of In-
sulating Electric Conductors, of which the
following is a specification, reference being
had to the accompanying drawings.

It has long been known that many suab-
stances which are more or less conducting
when in the fluid condition become insula-
tors when solidified. Thus water, which is
in a measure conducting, acquires insulating
properties when converted into ice. The ex-
isting information on this subject, however,
has been heretofore of a general nature only
and chiefly derived from the original observa-
tions of Faraday, who estimated that the sub-
stances upon which he experimented, such
as water and aqueous solutions, insulate an
electrically-charged conductorabout one hun-
dred times better when rendered solid by
freezing, and no attempt has been made to
improve the quality of the insulation obtained
by this means or to practically utilize it for
such purposesasare contemplated in my pres-
ent invention. In the course of my own in-
vestigations, mnore especially those of the elec-
trie propertiesof ice, I have discovered some
novel and important facts, of whieh the more
prominentare the following: first, that under
certain conditions, when the leakage of the
electric eharge ordinarily taking place is rig-
orously prevented, ice proves itself to be a
much better insulator than has heretofore ap-
peared; second, thatits insulating properties
may be still further improved by the addition
of other bodies to the water; third, that the
dielectric strength of ice or other frozen
aqueous substance increases with the redue-
tion of temperature and corresponding in-
crease of hardness, and, fourth, that these
bodies afford a still more effective insulation
for conductors carrying intermittent or alter-
nating currents, particularly of high rates,
surprisingly-thin layers of ice being capable
of withstanding electromotive forces of many
hundreds and even thousands of volts. These
and other observations have led me to the in-
vention of a novel method of insulating con-

duetors, rendered practicable by reason of the

above faets and advantageous in the utiliza-
tion of electrical energy for industrial and
commercial purposes. Broadly stated, the
method consists in insulating an electric con-
ductor by freezing or solidifying and main-
taining in such state, by the circulation of a
cooling. agent, the material surrounding or
contiguous to the conductor.

In the practical carrying out of my method
I may employ a holiow conductor and pass
the cooling agent through the same, thus
freezing the water or other medium in con-
tact with or close to such conductor, or I may
use expressly for the circulation of the cool-
ing agent an independent channel and freeze
or golidify the adjacent substanee, in which
any number of conductors may be embedded.
The conductors may be bare or covered with
some material which is capable of keeping
them insulated when it is frozen or solidified.
The frozen mass may be in direet touch with
the surrounding medium orit may be in a de-
gree protected from contact with the same by
an inclosure more or less impervious to heat.
The cooling agent may be any kind of liguid,
preferably of low freezing-point, as brine, or
it may be a gas, as atmospheric air, oxygen,
carbonic acid, ammonia, illuminating-gas, or
hydrogen. It may be forced through the
channel by gravity, pressure, or suction, pro-
dueed mechanically or otherwise, or by any
other kind of forece. It may be continually
renewed or indefinitely used by being alter-
nately volatilized and condensed or evapo-
rated and absorbed and mechanically driven
back and forth or steadily circulated in a
closed path under any suitable conditions as
regards pressure, density, temperature, and
veloeity. ~

To conduce to a better understanding of the

invention, reference is now made to the ac-

companying drawings, in which—

Figures 1, 3, 6, 7, 8, and 9 illustrate in lon-
gitudinal section typical ways of carrying
out my invention; and Figs. 2, 4, 5, and 10,
in section or partly so, constructive details
to be described. :

In Fig. 1, C is a hollow conductor, such as

a steel tube, laid in a body of water and com-

municating with a reservoir 1/, but electrie-
ally insulated from the same atj. A pump

~or compressor p of any suitable construection
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connects »" with another similar tank 1%, pro-
vided with an inlet-valvev® 'The airorother
gas which is used as the cooling agent enter-
ing through the valve v?is drawn through the
tank »? and pump p into the reservoir 7/, es-
caping thence through the conductor C under
any desired pressure, which may be regulated
by a valve ©'. DBoth the reservoirs +' and +*
are kept at a low temperature by suitable
means, as by eoilsortubes 't and ##, through
which any kind of refrigerating fluid may be
circulated, some provision being preferably
made for adjusting the flow of the same, as
by valves . The gas continuously passing
through the tube or conductor C being very
cold will freeze and maintain in this state the
water in contact with or adjacent to the con-
ductorand soinsulateit. Flanged bushings
7' 1% of non-conducting material may be used
to prevent the leakage of the current which
would otherwise occur, owing to the forma-
tion of a superficial film of moisture over the
ice projecting out of the water. The tube,
being kept insulated by this means, may then
be employed in the manner of an ordinary
telegraphic or other cable by connecting
either or both of the terminals ' #® in a cir-
cuit including the earth.

In many cases it will be of advantage to
cover the hollow conductor with a thick layer
of some cheap material, as felt, this being in-
dicated by C’in Tig. 2. Such a covering,
penetrable by water, would be ordinarily of
little or no use; but when embedded in the
ice it improves the insnlating qualities of the
same. In thisinstance it furthermore serves
to greatly reduce the quantity of ice required,
its rate of melting, and the influx of heat
from the outside, thus diminishing the ex-
penditure of energy necessary for the main-
tenance of normal working conditions. As
regards this energy and other particulars of
importance they will vary according to the
special demands in each case.

Generally considered, the cooling agent will
have to carry away heat at a rate sufficient
to keep the conductor at the desired temper-
ature and to maintain a layer of the required
thickness of the substance surrounding it in
a frozen state, compensating continually for
the heat flowing in through the layer and
wall of the conductor and that generated by
mechanical and electrical friction. To meet
these conditions, its cooling capacity, which
is dependent on the temperature, density, ve-
locity, and specifie heat, will be calculated
by the help of data and formule familiar to
engineers. Air will be, as a rule, suitable
for the use contemplated; but in exceptional
instances some other gas, as hydrogen, may
be resorted to, which will permit a much-
greater rate of cooling and a lower tempera-
ture to be reached. Obviously whichever
gas be employed it should beforeentering the
hollow conductor or ehannel be thoroughly
dried and separated from all which by con-
densation and deposition or otherwise might

cause an obstruction to its passage. Ior
these purposes apparatus may be employed
which is well known and which it is unnec-
essary to show in detail.

Instead of being wasted at the distant sta-
tion the cooling agent may be turned to some
profitable use. ILvidently in the industrial
and commercial exploitation of my invention
any kind of fluid eapable of meeting the re-
quirements may be conveyed from omne to
another station and there utilized for refrig-
eration, power, heating, lighting, sanitation,
chemical processes, or any other purpose to
which it may lend itself, and thus the reve-
nue of the plant may be increased.

As fo the temperature of the conductor it
will be determined by the nature of its use
and considerations of economy. For in-
stance, if it be empleyved for the transmis-
sion of telegraphic messages, when the loss
in electrical friction may be of no conse-
quence, a very low temperature may unot be
required; but if it be used for transmitting
large amounts of electrieal energy, when the
frictional waste may be a serious drawback,
it will be desirable to keep it extremely cold.
The attainment of this object will be facili-
tated by any provision for reducing as much
as possible the flowing in of the heat from
the surrounding medium. Clearly the lower
the temperature of the conductor the smaller
will be the loss in electrical friction; but, on
the other hand, the colder the conductor the
greater will be the influx of heat from the
outside and the cost of the cooling agent.
From such and similar considerations the
temperature securing the highest economy
will be ascertained.

Most frequently in the distribution of elec-
tricity for industrial purposes, as in my sys-
tem of power transmission by alternate cur-
rents, more than one conductor will be re-
quired, and in such cases it may be conven-
ient to circulate the cooling agent in a closed
path formed by the conduetors. A plan of
this kind is illustrated in Fig. 3, in which C'
and C? represent two hollow conductors em-
bedded in a frozen mass underground and
communicating, respectively, with the reser-
voirgs R'and R? which are connected by a re-
ciprocating or other suitable pump P. Cool-
ing coils or tubes T' TV and T? T? with regu-
lating-valves v v"" are employed, which are
simmilar to and serve the same purpose as those
shown in Fig. 1. Other features of similar-
ivy, though unnecessary, are illustrated to fa-
cilitate an understanding of the plan. A
three-way valve V?is provided, which when
placed with its lever [ as indicated allows
the cooling agent to enter through the tubes
v’ w* and pump P, thus filling the reservoirs
R’ R? and hollow conductors C' C*; but when
turned ninety degrees the valve shuts off the
communication to the outside through the
tube ' and establishes a connection between
the reservoir R* and pump P’ through the
tubes w? and «?, thus permitting the fluid to be
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tirculated in the closed path ¢' C* R? w8 w? P
R'Dby the action of the pump. Another valve
V' of suitable construction may be used for
regulating the flow of the cooling agent. The
conductors C' C? are insulated from the res-
ervoirs R’ R*and from each other at the joints
J' J* J3, and they are, furthermore, protected
at the places where they enter and leave the
ground by flanged bushings I' I’ I* I?, of in-
sulating material, which extend into the
frozen mass in order to prevent the current
from leaking, as above explained. Binding-
posts B’ B’ and B? B? are provided for con-
necting the conductors to the circuit at each
station.

In laying the conductors, as ¢’ C?, what-
ever be their number, a trench will generally
be dug and a trough, round or square, as T,
of smaller dimensions than the trench placed
in the same, the intervening space being

‘packed with some material (designated by M

M M) more orless impervious to heat, as saw-
dust, ashes, or the like. Next, the conductors
will be put in position and temporarily sup-
ported in any convenient manner, and finally
the trough will be filled with water or other
substance W, which will be gradually frozen
by circulating the cooling agent in the closed
path, asbefore described. Usually the trench
will not be level, but will follow the undula-
tions of the ground, and this will make it nec-
essary to subdivide the trough in sections or
to effect the freezing of the substance filling
itsuccessivelyin parts. Thisbeingdone and
the conductors thus insulated and fixed, a
layer of the same or similar material M M M
will be placed on the top and the whole cov-
ered with earth or pavement. The trough
may be of metal, as sheet-iron, and in cases
where the ground is used as return-cireuit it
may serve as a main or it may be of any kind
of material more or less insulating. Figs. 4
and 5 illustrate in cross-section two such un-
derground troughs T' and T, of metal sheet,
with their adiathermanous inclosures, (desig-
nated M’ and M”, respectively,) each trough
containing a single central hollow conductor,
as C'and C”. In the first case the insulation
W'issupposed to be ice, obtained by freezing
water preferably freed of air in order to ex-

clude the formation of dangerous bubbles or
‘eavities, while in the second case the frozen

mass W' is some aqueous or other substance
or mixture highly insulating when in this
condition.

It should be stated that in many instances
it may be practicable to dispense with a
trough by resorting to simple expedients in
the placing and insulating of the conductors.
In fact, for some purposes it may be sufficient
to simply cover the latter with a moist mass,
as cement or other plastic material, which so
long as it is kept at a very low temperature
and frozen hard will afford adegunate insula-
tion.

Another typical way of earrying out my in-
vention, to which reference has already been

made, is shown in Tig. 6, which represents
the cross-section of a trough, the same in
other respects as those belore shown, but con-
taining instead of a hollow conductor any
kind of pipe orcondnit L. Thecooling agent
may be driven in any convenient manner
through the pipe for the purpose of freez-
ing the water or other substance filling the
trough, thus insulating and fixing a number
of conductors ¢ ¢ce. Such a plan may be par-
ticularly suitable in cities for insulating and
fixing telegraph and telephone wires or the
like. In such casesan exceedingly-low tem-
perature of the cooling agent may not be re-
quired, and the insulation will be obtained
at the expense of little power. The conduit
L majy, however, be used simultaneously for
conveying and distributing any kind of fluid
for which there is a demand through the dis-
triet. Obviously two such conduits may be
provided and used in a similar manner as the
conductors ¢ C.

It will often be desirable to place in the
same trough a great number of wires or con-
duetors serving for a variety of purposes. In
such a case a plan may be adopted which is
illastrated in Fig. 7, showing a trough simi-
lar to that in Fig. 6, with the conductors in
cross-section. 'The cooling agent may be in
this instance circulated, as in Fig. 3 or other-
wise, through the two hollow conductors C?
and C*, whieh, if found advantageous, may be
covered with a layer of cheap material m m,
such as will improve their insulation, but
not prevent the freezing or solidification of
the surrounding substance W. The tubular
conduectors C’ C%, preferably of iron, may then
serve to convey heavy currents for supplying
light and power, while the small onesc¢’ ¢’ ¢,
embedded in the ice or frozen mass, may be
used for any other purposes.

While my invention contemplates, chiefly,
the insulation of conductors employed in the
transmission of electrical energy toa distance,
it may be, obviously, otherwise usefully ap-
plied. In some instances, for example, it
may bedesirabletoinsulate and supportacon-
ductorin placesasordinarily done by means of
glass or porcelain insulators. This may be
effected in many ways by conveying a cool-
ing agent either through the conductor or
through an independent channel and freez-
ing or solidifying any kind of substance, thus
enabling it to serve the purpose. Such an
artificial insulating-support is illustrated in
Fig. 8, in which @ represents a vessel filled
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with water or other substance w, frozen by

the agent circulating through the hollow con-
ductor C”, which is thus insulated and sup-
ported. To improve the insulation on the

top, where it is most liable to give way, a
layer of some substance ', as oil, may be
used, and the conductor may be covered near
the support with insulation % , as shown, the
same extending into the oil for reasons well
understood.

Another typical application of my inven-
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tion is shown in Tig. 9, in which P’ and 8’
represent, respectively, the primary and sec-
ondary conductors, bare or insulated, of a
transformer, which are wound on a core N
and immersed in water or other substance W,
containing a jar Hand, as beforestated, pref-
erably freed of air by boiling or otherwise.
The cooling agent is eirculated in any con-
venient manner, as through the hollow pri-
mary ', for the purpose of freezing the sub-
stanco W. Flanged bushings d d and oil-
cupsee, extending into the frozen mass, illus-
trate suitable means for insulating the ends

of the two conductors and preventing the

leakage of the currents. A transformer, as
deseribed, is especially itted for use with cur-
rents of high frequency, when a iow tempera-
tare of the conduectors is particularly desir-
able, and ice affords an exceptionally-elfect-
ive insulation.

It will be understood that my invention
may be applied in many other ways, that the
special means here described will be greatly
varied according to the necessities, and that
in each case many expedients will be adopted
which are well known to engineers and elec-
tricians and on which it is unnecessary to
dwell. Iowever, it may be useful to state
that in some instances a special provision will
have to be made for effecting & uniform cool-
ing of the substance surrounding the condue-
tor throughoutits length. Assumingin Fig.
1 the cooling agent to escape at the distant
end freely into the atmosphere or into a res-
ervoir maintained at low pressure, it will in
passing through the hollow conductor C move
with a velocity steadily inereasing toward the
end, expanding isothermally,or nearly so,and
hence it will cause an approximately-uniform
formation of ice along the condunctor. Inthe
plan illustrated in Fig. 8 a similar resuit will
be in a measure attained, owing to the com-
pensating effect of the hollow conductors C’
and C% which may be still further enhanced
by reversing periodically the direction of the
flow in any convenient manner; but in many
cases special arrangements will have to be
employed to render the cooling more or less
uniform. TFor instance, referring to Figs. 4,
5, and 6, instead of a single channel two con-
centrie channels I and L® may be provided

and the cooling agent passed through one and’

returned through the other, as indicated dia-
grammatically in Fig. 10. In this and any
similararrangement when the flow takes place
in opposite directions the object aimed at will
be more completely attained by reducing the
temperature of the cireunlating cooling agent
at the distant station, which may be done by
simply expanding it into a large reservoir, as
1R3, or cooling it by means of a tube or coil
1%, or otherwise. Kvidently in the case illus-
trated the concentric tubes may be used as
independent conductors, insulated from each
other by the intervening fluid and from the
ground by the frozen or selidified substance.

Generally in the transmission of eleectrical

energy in large amounts, when the quantity
of heat to be carried off may be considerable,
refrigerating apparatus thoroughly protected
against the inflow of heat from the outside,
as usual, will be employed at both the sta-
tions and, when the distance between them is
very great, also at intermediate points, the
machinery being advantageously operated by
the currents transmitted or fluids conveyed.
In such eases a fairly-uniform freezing of the
insulating substance will be attained with-
out difficulty by the compensating effect of
the oppositely-circulating cooling agents. In
large plants of this kind,when the saving of
electrical energy in the transmission is the
most important consideration or when the
chief object is to reduce the cost of the mains
by the employment of cheap metal, as iron,
or otherwise, every elfort will be made to
maintain the conductors at the lowest possi-
ble temperature, and well-known refrigerat-
ing processes, as those based on the regener-
ative principle, may be resorted to, and in
this and any other case the hollow conduc-
tors or channels instead of merely serving
the purpose of conveying the cooling agent
may themselves form active parts of the re-
frigerating apparatus.

From the above description it will be read-
ily seen that my invention ferms a funda-
mental departure in principle from the es-
tablished methods of insulating conduectors
employed in the industrial and commercial
application of electricity. It aims, broadly,
at obtaining insulation by the continuous ex-
penditure of a moderate amount of energy
instead of securing it only by virtue of an
inherent physieal property of the material
used, as heretofore. More espeeially its ob-
jeet is to provide, when and wherever re-
quired, insulation of high quality, of any de-
sired thickness and exceptionally cheap, and
to enable the transmission of electrical en-
ergy under conditions of economy heretofore
unattainable and at distances until now im-
practicable by dispensing. with the necessity
of using costly conductors and insulators.

What I claim as my invention is—

1. The method of insulating electric con-
ductors herein described which consists in
imparting insulating properties to a material
surrounding or contiguous to the said con-
ductor by the continued aection thereon of a
cooling agent, as set forth.

2. The method of insulating electriec con-
ductors herein described which consists in re-
ducing to and maintaining in a frozen or so-
lidified condition the material surrounding
or contiguous to the said conductor by the
action thereon of a cooling agent maintained
in ecireculation through one or more channels
as set forth.

3. The method of insulating clectric con-
ductors herein described which consists in
surrounding or supporting the conduetor by
material which acquires insulating properties
when in a frozen or solidified state, and main-
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taining the material in such a state by the
circulation through one or more channels ex-
tending through it of a cooling agent, as set
forth.

4. The method of insulating an electric con-
ductor which consists in surrounding or sup-
porting said conductor by a material which
acquires insulating properties when frozen or
solidified, and maintaining the material in
such state by passing a cooling agent continu-
ously through a channel in said conduector,
as set forth.

5. The method of insulating electric con-
ductors, which consists in surrounding or
supporting the said conductors by a material
which acquires insulating properties when in
a frozen or solidified state, and maintaining
the material in such state by the continued
application thereto of a cooling agent, as set
forth.

6. The method of insulating conductors
herein set forth which consists in surround-

ing or supporting the conductors by a ma-
terial which acquires insulating properties
when in a frozen or solidified state, and main-
taining the material in such state by the eir-
culation of a cooling agent through a cireuit
of pipes or tubes extending through the said
material as set forth.

7. The method of insulating electric con-
ductors which consists in laying or support-
ing the conduetors in a trough or conduit
filling the trough with a material which ac-
quires insulating properties when frozen or
solidified, and then causing a cooling agent
to circulate through one or more channels ex-
tending through the material in the trough
so as to freeze or solidify the material, as
set forth. '

NIKOLA TESLA.

Witnesses:
PARKER W. PAGE,
M. LAwgoN DYER.
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