| have always found the patents of Nikola Tesla quite difficult to follow, but in case you find
them easier, here are the ones which have been published.

Engines

514,972 Electric-Railway System 2nd January 1892
514,169 Reciprocating Engine 19th August 1893
517,900 Steam Engine 29th December 1893
1,061,142 Fluid propulsion 21st October 1909
1,061,206 Turbine 21st October 1909
1,655,113 Method of Aerial Transportation 9th September 1921
1,655,114 Apparatus for Aerial Transportation 4th October 1927

High Frequency Devices

447,921 Alternating Electric Current Generator 15th November 1890
462,418 Apparatus for Electric Conversion & Distribution 4th February 1891
514,168 Means for Generating Electric Currents 2nd August 1893
568,176 Apparatus for Producing HF Electric Currents  22nd April 1896
568,178 Regulating Apparatus for HF Currents 20th June 1896
568,179 Apparatus for Producing HF Currents 6th July 1896
568,180 Apparatus for Producing HF Electric Currents  9th July 1896
577,670 Apparatus for Producing HF Electric Currents  3rd September 1896
583,953 Apparatus for Producing HF Electric Currents  19th October 1896
609,251 Electric-Circuit Controller 3rd June 1897
609,245 Electrical-Circuit Controller 2nd December 1897
611,719 Electrical-Circuit Controller 10th December 1897
609,246 Electric-Circuit Controller 28th February 1898
609,247 Electric-Circuit Controller 12th March 1898
609,248 Electric-Circuit Controller 12th March 1898
609,249 Electric-Circuit Controller 12th March 1898
613,735 Electric-Circuit Controller 19th April 1898
Lighting

335,786 Electric Arc Lamp 30th March 1885
335,787 Electric Arc Lamp 13th July 1886
447,920 Method of Operating Arc Lamps 1st October 1890
454,622 System of Electric Lighting 25th April 1891
455,069 Electric Incandescent lamp 14th May 1891
514,170 Incandescent Electric Light 2nd January 1892
Meters

445,068 Electrical Meter 27th March 1891
514,973 Electrical Meter 15th December 1893
1,209,359 Speed Indicator 29th May 1914
1,274,816 Speed Indicator 18th December 1916
1,314,718 Ship's Log 18th December 1916
1,365,547 Flow Meter 18th December 1916
1,402,025 Frequency Meter 18th December 1916

Miscellaneous

568,177 Apparatus for Producing Ozone 17th June 1896
609,250 Electrical Igniter for Gas Engines 17th February 1897
685,012 Increasing the Intensity of Electrical Oscillations 21st March 1900
655,838 Method of Insulating Electric Conductors 15th June 1900
685,957 Apparatus for Utilising Radiant Energy 21st March 1901
685,958 Method of Utilising Radiant Energy 21st March 1901
1,113,716 Fountain 28th October 1913
1,329,559 Valvular Conduit 21st February 1916
1,266,175 Lightning Protector 6th May 1916



Motors

514,972 Electric Railway System 2nd January 1892
514,169 Reciprocating Engine 19th August 1893
517,900 Steam Engine 29th December 1893
1,061,142 Fluid Propulsion 21st October 1909
1,061,206 Turbine 21st October 1909
1,655,113 Method of Aerial Transportation 9th September 1921
1,655,114 Apparatus for Aerial Transportation 4th October 1927
Radio

645,576 System for Transmission of Electrical Energy ~ 2nd September 1897
649,621 Apparatus for Transmission of Electrical Energy 2nd September 1897
613,809 Control of Moving Vessels or Vehicles 1st July 1898
685,955 Transmission Through Natural Media 24th June 1899
685,953 Intensifying Natural Media Transmission 24th June 1899
685,954 Using Natural Media Transmissions 1st August 1899
685,956 Using Natural Media Transmissions 1st August 1899
787,412 Transmitting Electricity through Natural Media  16th May 1900
723,188 Method of Signalling 16th July 1900
725,605 System of Signalling 16th July 1900
1,119,732 Apparatus for Transmitting Electrical Energy 18th January 1902
Transformers

334,823 Commutator for Dynamos 6th May 1885
336,961 Regulator for Dynamos 18th May 1885
336,962 Regulator for Dynamos 1st June 1885
350,954 Regulator for Dynamos 14th January 1886
382,845 Commutator for Dynamos 30th April 1887
381,970 System of Electrical Distribution 23rd December 1887
382,282 Method of Distributing Electric Currents 23rd December 1887
390,413 System of Electrical Distribution 10th April 1888
390,820 Regulator for AC Motors 24th April 1888
413,353 Method of Obtaining DC from AC 12th June 1889
417,794 Armature for Electric Machines (with Schmid)  28th June 1889
433,702 Electrical Transformer or Induction Device 26th March 1890
464,667 Electrical Capacitor 1st August 1891
514,167 Electrical Conductor 2nd January 1892
512,340 Coil for Electro-Magnets 7th July 1893
567,818 Electrical Capacitor 17th June 1896
577,671 Manufacture of Electrical Capacitors, Coils, etc. 5th November 1896

593,138 Electrical Transformer 20th March 1897
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- UNITED STATES

PATENT OFFICE.

NIKOLA TESLA, OF NEW YORK, N. Y.

RECIPROCATING ENGINE.

SPECIFICATION forming part of Letters Patent No. 514,169, dated February 6,1894,
Application filed August 19,1893, Serial No, 483,563, (No model.)

To all whom it may concern:
Beitknown that I, NIKOLA TESLA, a citizen

‘of the United States, residing at New York,

in the county and Stateof New York, have in-
vented certain new and useful Improvements
in Reciprocating Engines, of which the fol-
lowing is a specification, reference being had
to the drawing accompanying and forming a

. part of the same.

IC

In the invention which forms the subject of
my present application, my objeet has been,
primarily to provide an engine, which under
the influence of an applied force such as the

- elastic tension of steam or gas under pressure
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. maintenance of eonstant speed. This, while.
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will yield an oscillatory movement- which,

_within very wide limits, will be of constant

period, irrespective of variations of load, fric-
tional losses and other factors which in all
ordinary engines produce change in the rate
of reciprocation,

The further objeets of the invention are to
provide a mechanism, capable of converting
the energy of steam or gas under pressure
into ‘'mechanical power more economically
than the forms of engine heretofore used,
chiefly by overcoming the losses which result
in these by the combination with rotating
parts possessing great inertia of a reciproecat-
ing system; which also, is better adapted for
use at higher temperatures and pressures, and

which is capable of useful and practical ap--

plication to general industrial purposes, par-
ticularly in small units.

The invention is based upon certain well
known mechanical principles.a statement of
which will assist in a better understanding
of the nature and purposes of the objects
sought and results obtained. Heretofore,
where the pressure of steam or any gas has
been utilized and applied for the prodaection
of mechanical motion it has been customary
to connect with the reciprocating or moving
parts of the engine a fly-wheel or some rotary
system equivalent in its effect and possessing
relatively great mechanical inertia, upon
which dependence was mainly placed for the

seeuring in a measure this object, renders im-
possible the attainmentof the result at which
I have arrived, and is attended by disadvan-
tages which by my invention are entirely ob-
viated. On the other hand, in certain cases,

wherereciprocating engines or toolshave been
used without a rotating system of great iner-
tia, no attempt, so far as 1 know, has been
made to secure conditions which would nee-
essarily yield such resunlts as I have reached.

It is a well known principle that if aspring
possessing a sensible inertia be brought un-
der tension, as by being stretched, and then
freed it will perform vibrations which are
isochronous and, as to period, in the main de-
pendent upon the rigidity of the spring, and
its own inertia or that of the system of which
it may form an immediate part. This is

known to be true in all cases where the force .
which tends to bring the spring or movable

system into a given position is proportionate
to the displacement. :
In carrying out my invention and forsecur-
ing the objects in general terms stated above,
I employ the energy of steam or gas under
pressure, acting through proper mechanism,
to maintain in oscillation a piston, and, tak-
ing advantage of the law above stated, I con-
nect with said piston, or cause to act upon it,
a spring, under such conditions as to auto-
matically regulate the period of the vibra-
tion, so that the alternate impulses of the
power impelled piston, and the natural vibra-
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tions of the spring shall always correspond

in direction and coincide in time.

While, in- the practice of the invention I
may employ any kind of spring orelastic body
of which the law or principle of operation
above defined holds true, I prefer to use. an
air spring, or generally speaking a confined
body or cushion of an elastic fluid, as the me-

chanieal difficulties in the use of ordinaryor

metallic springs are serious, owing mainly, to
their tendeney to break. Moreover, instead
of permitting the piston to impinge directly
upon such enshions within its own cylinder,
I prefer,in order to avoid theinfluence of the
varying pressure of the steam or gas that acts
upon the piston and which might disturb the
relations necessary for the maintenance of
isochronous vibration, and also to better util-
ize the heat generated by the compression, to
employ an independent plunger connected
with the main piston, and a. chamber or cyl-
inder therefor, containing air which is nor-

mally, at the same pressure as the external

atmosphere, for thus a spring of praetiea;lly
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constant rigidity is obtained, but the air or
gas within the cylinder may be maintained
at any pressure.

In order to describe the best manner of
which I am aware in which the invention is
or may be carried into effect, I refer now to
theacecompanying drawing which represents
in central cross-section an engine embodying
my improvements.

A is the main ¢ylinder in which works a
piston B. Inlet ports C G pass through the
sides of the cylinder, opening at the middle
portion thereof and on opposite sides. Ex-
haust ports D D extend through the walls of
the eylinder and are formed with branches
that open into the interior of the cylinder on
each side of the inlet ports and on opposite
sides of the cylinder. )

The piston B is formed with two circumfer-
ential grooves E T, which communicate
through openings G in the piston with the
cylinder on opposite sides of said piston re-
spectively.

I do not consider as of special importance
the particular construction and arrangement
of the cylinder, the piston and the ports for
controlling it, except that it is desirable that
all the ports, and more especially, the ex-
haust ports should be made very much larger
than is usually the case, so that no force due
to the action of the steam or compressed air
will tend to retard or affect the return of the
piston in either direction.

The piston B is secured to a piston rod H,
which works in suitable stuffing boxes in the
heads of the cylinder A. This rod is pro-
longed on oneside and extends through bear-
ings V in a cylinder I suitably mounted or
supported in line with the first, and within
which is a disk or plunger J carried by the
rod II.

‘The eylinder I is without ports of any kind
and is air-tight except as a small leakage may
oceur through the bearings V, which experi-
ence has shown need not be fitted with any
very considerable accuracy. The eylinder I
is surrounded by a jacket K which leaves an
open space or chamber around it. Thé bear-
ings V in the cylinder I, extend through the
jacket K to the outside airand the chamber
between the cylinder and jacket is made
steam or air tight as by suitable packing.
The main supply pipe L for steam or com-
pressed air leads into this chamber, and the
two pipes that lead to the eylinder A run
from the said chamber, oil cups M being con-
veniently arranged to deliver oilinto thesaid
pipes for lubricating the piston.

In the particular form of engine shown,the
jacket K which contains the eylinder I is pro-
vided with a flange N by which it is screwed
to the end of the cylinder A. A smallcham-
ber O is thus formed which has air vents P
in its sides and drip pipes Q leading out from
it through which the oil which collects in it
is carried off.

514,169

To explain now the operation of the device
above described. TIn the position of the parts
shown, or when the piston is at the middle
point of its stroke, the plunger J is at the
center of the eylinder I and the air on both

sides of the same is at the normal pressure,

of the outside atmosphere. If a source of
steam or compressed air be then connected
to the inlet ports C C of the cylinder A and
a movement be imparted to the piston asby
a sudden blow, the latter is caused to recip-
rocate in a manner well understood. The
movement of the piston in either direction
ceases when the force tending toimpel it and
the momentum which it has acquired are
counterbalanced by the increasing pressure
of the steam or compressed airin that end of
the cylinder toward which it is moving and
as in its movement the piston has shut off at
a given point, the pressure that impelled it
and established the pressure that tends to re-
turn it, itis then impelled in the opposite di-
rection, and this action is continued as long
as the requisite pressure is applied. The
movements of the piston eompress and rarify
the air in the cylinder I at opposite ends of
the same alternately. A forward stroke com-
presses the air abead of the plunger J which
acts as a spring to return it. Similarly on
the back stroke the air is compressed on the
opposite side of the plunger J and tends to
drive it forward. This action of the plunger
upon the air contained in the opposite ends
of the eylinder is exactly the same in princi-
ple as though the piston red were connected
to the middle point of a coiled spring, the
ends of which are connected tofixed supports.
Consequently the two chambers may be con-
sidered asasingle spring. The compressions
of the air in the cylinder I and the conse-
quent loss of energy due mainly to the im-
perfect elasticity of the air, give riseto a very
considerable amount of heat. This heat I
utilize by condueting the steam or compressed
air to the engine cylinder through the cham-
ber formed by the jacket surrounding the air-
spring cylinder. The heatthustaken up and
used to raise the temperature of the steam or
air acting upon the piston is availed of to in-
crease the efficiency of the engine. In any
given engine of this kind the normal press-
ure will produce a stroke of determined
length, and this will be increased or dimin-
ished according to the increase of pressure
above or the reduction of pressure below the
normal.

In constructing the apparatus I allow for a
variation in the length of stroke by giving to
the confining cylinder I of the air spring
properly determined dimensions. The greater
the pressure upon the piston, the higher will
be the degree of compression of theair-spring,
and the consequent counteracting force upon
the plunger. The rate or period of recipro-

cation of the piston however is no more de-
pendent upon the pressure applied to drive
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it, than would be the period of oscillation of
a pendulum permanently maintained in vi-
bration, upon the force which periodically
impels it, the effect of variationsin such force
being merely to produce corresponding vari-
ations in the length of stroke or amplitude of

‘vibration respectively. Theperiod is mainly
-determined by the rigidity of the air spring

and the inertia of the moving system, and I
may therefore: secure any period of oscilla-
tion within very wide limits by properly por-
tioning these factors, as by varying the di-
mensions of the air chamber which is equiva-
lent to varying the rigidity of the spring, or
by adjusting the weight of the moving parts.
These conditions are all readily determina-
ble, and an engine constructed as herein de-
scribed may be made to follow the principle
of  operation above stated and maintain a
perfectly uniform period through very much
wider limits of pressure than in ordinary use,
it is ever likely to be subjected to and it may
be successfully used as a prime mover wher-
ever a constant rate of oscillation or speed is
required, provided the limits within which
the forces tending to bring the moving sys-
tem'to a given position are proportionate to
the displacements, are not materially ex-
ceeded. The pressure of the air confined in
the cylinder when the plunger J is in its
central position will always be practically
that of the surrounding atmosphere, for while
the cylinder is so constructed as not to per-
mit such sudden escape of air as to sensibly
impair or modify the action of the air spring
there will still be a slow leakage of air into or
out of ‘it around the piston rod according to
the pressure therein, so that the pressure of
the air on opposite sides of the planger will
always tend to remain at that of the outside

_atmosphere.

As an instance of the uses to which this en-
gine may be applied I have shown its piston
rod connected with a pawl R the oscillation
of which drivesa trainof wheels. Thesé may

‘constitute the train of a clock or of any other

mechanism. The pawl R is pivoted at R’
and its bifurcated end engages with the teeth
of the ratchet wheel alternately on oppo-
site sides of the same, one end of the pawl
at éach half oscillation acting to propel the
wheel forward through the space of one tooth
when it is engaged and locked by the other

-end on the last half of the osecillation which

brings the first end into position to engage
with another tooth. .

Another application of the invention is to
move a conductorin a magnetic field for gen-
erating electric currents, and in these and
similar uses it is obvious that the character-

istics of the enginerender it especially adapt-
ed for use in small sizes or units.

Having now described my invention, what
I claim is— :

1. A reciprocating engine comprising in

combination, a cylinder, a piston and a spring
connected with oracting upon the reciprocat-
ing element, the said spring and reciprocating
element being related in substantially the
mannerdescribed so thattheforces whichtend
to bring the reciprocating parts into a given
position are proportionate to the displace-
ments, whereby an isochronous vibration is
obtained.

2. A reciprocating engine comprising in
combination, a cylinder, a piston impelled by
steam or gas under pressure,and anairspring
maintained in vibration by the movements of
the piston, the piston and spring being related
in substantially the manner deseribed so that
the forces which tend to bring the recipro-
cating parts into a given position are pro-
portionate to the displacements whereby an
isochronous vibration is obtained.

3. The combination of a ecylinderand a pis-
ton adapted to be reciprocated by steam or
gas under pressure, a eylinder and a plunger
therein reciprocated by the piston and consti-
tuting an air spring acting upon said piston,
the piston and spring being related in the
manner described so that the forees which
tend to bring the piston into a given position
are proportionate to the displacement where-
by an isochronous oscillation of the piston is
obtained.

4, The combination of a cylinder and a pis-
ton adapted to be reciprocated by steam or
gas under pressure, a cylinder and piston con-
stituting an air spring connected with the
piston, a jacket forming a chamber around
the air spring through which the steam-or
compressed gas is passed on its way to the
cylinder, as and for the purpose set forth.

5. The method of producing isochronous
movement herein deseribed,which consistsin
reciprocating a piston by steam or gas under
pressure and controlling the rate or period of
reciprocation by the vibration of & spring, as
set forth. v

6. The method of operating a reciprocating
engine which consists in reciprocating a pis-
ton, maintaining by the movements of the pis-

. ton, the vibration of an air spring and apply-

ing the heat generated by the ecompression of

the spring to the steam or gas driving the
piston.
NIKOLA TESLA.
Witnesses:

PARKER W. PAGE,
R. F. GAYLORD.,
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UNITED STATES

PATENT OFFICE,

NIKOLA TESLA, OF NEW YORK, N. Y.

ELECTRIC-RAILWAY SYSTEM.

SPECIFICATION formihg part of Letters Patent No. 514,972, dated February 20, 1894.
Application flled January 9, 1892, Serial No. 416,774, (No model.)

To all whom it May concern:

Be it known thatI, NTKOLA TESLA, a citizen
of the United States, residing at New York, in
the county and State of New York, have in-
vented certain new and useful Improvements
in Electric-Railway Systems, of which the fol-
lowing is a Specification, reference being had
to the drawings accompanying and forming
a part of the same. ‘

This invention is an improved system or
plan of supplying electric current to the mo-
tors of street or other cars or vehicles from a
central or stationary source of supply, with-
out the use of sliding or rolling econtacts be-
tween the line conductor and the car motors.
I use in my system alternating or pulsating
currents of very high potential, and, by rea-
son mainly of the higher economy, high fre-
quency. The conductor which conveys these
currents is run from the stationary source of
supply along theline of travel and preferably
through a conduit constructed ‘between, or

‘alongside of the tracks or rails,

To prevent the dissipation of the electric
energy that would otherwise occur on a cir-
cuit conveying- currents of the character
which I use, I insulate theline conduector and
surround it with a conducting coating that
serves as a screen, and I prefer, mainly with
the object of localizing the action that would
result from the establishment of an electrical
connection between the screen and the ground
or other conducting body, to divide up the
outer conductor into insulated- sections of
comparatively short length. Inthe car, or to
each of a number running on a given track,

" equipped in accordance with my invention, I

. 40

45
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attach an arm carrying a conducting plate
or bar that is electrically connected with the
motor coils and which by the movement of
the car is carriedin proximity to the line con.
duetor, so as to take off, by condenser action,
sufficient energy to run the car motor.

The details of the invention, and the best
manner I am aware of in which it is or may
be carried out, I shall explain by reference
to the accompanying drawings.

. Figure 1 is a view showing a portion of a
car and the means for supplying the motor of
the same with current from a line conductor
supported within a conduit between the rails.
Fig. 2 is an enlarged sectional view of the

arm-carrying the conductor through which = :

the electric energy is transmitted from the
line conductor to the motor.
larged view partly in section of the line con-
duoctor. .

I propose to employ an iron conduit A,
which is buried preferably between the rails.

of the track and provided with a longitudinal 6o

slotalong its top close to one edgeor side, A
flange B is formed or applied along the slot,
forming a protected chamber or compartment
forcontaining theline conductor. Thischam-

ber should be of such form in cross-section 65

that its walls will be symmetrically disposed
withrespectto the conductor ranning through
it, and thus reduce to a minimum any dis-
turbing inductive effects which would be pro-

duced by an unsymmetrical disposition of the 70

walls with respect to the conducting sereen or
covering around the conduetor.
For the line conductor 1 employ a suitable

wire C, surrounded by an’ insulated coating -
D, which is inclosed in a metallic sheathing 75

G. For the latter I prefer to use iron pipes
provided with perforated lugs F, by means-
of which the conduector is suspended by in-
sulated rods or other devices E. I also divide

up the eonducting screen or sheathing into So

sections insulated from one another, but over-
lapping so as to leave no breaks in the screen.
The advantage in dividing up the screen in
this manner is that the loss due to currents
induced in the outer conduector
while at the same time the grounding of any
one section would result in a very small loss
compared with what would take place froma
continuous sheath; moreover, by overlapping

the endsof the sections but little opportunity 9o

is afforded for the dissipation of energy.
The car is represented as carrying a motor

H, which may be of any suitable construction

and capable of being operated by currents of

is reduced, 85

Fig.3 isan en- 55

the kind employed. Connected with the mo- 95 .

tor or car is an iron or conducting tube 1, that
extends down into the conduits through the
slot therein. The lower end of this tube is
bent in the form of a hook and supports

within the conductor chamber a bar or plate 100

J that presents to the line conductor a’con-
ducting surface. This bar or plate is elec-
trically connected with the motor coils by an
insulated wire K, that passes up through the
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o of a plate J of any car
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tube I, and all parts of the said plate except
t}ie surface exposed to the conductor G, or its
metallic sheath, are insulated and protected
by a metallicsereen L. It isobvious that all
portions of the arm as well as the plate itself
may be insulated as by a water-proof cover-
ing, and it will be understood that the prin-
cipal object of the invention would still be
attained even though the plate werein actu al
contact with the screen while the car is in

“motion.

In operation, the line conductor C is con-
nected with a source of current of very high
potential and great frequency. This current
may. be conveyed to any desired distance
without material loss, as the insulated metal-
lic covering or sheath around. the conduetor
serves as a static screen to prevent the dissi-
pation of the energy. The presence, however,
close to the sheath or
sereen disturbs the electrical equilibrium and
sets up by condenser action a transfer of en-
ergy from the screen to the plate sufficient to
operate the motor on the car.

In the above, I have described the screen,
whether continuous or subdivided, as wholly
insulated from the ground or surrounding con-
dueting bodies, but the single continuous
sereen or each section of the same, may be

30 connected to the ground through a condenser

of relatively very small capacity, through a
device of high self-induetion or resistance, as
shown in dotted lines at ¢’ in Fig. 1.

I @o not claim in this application the par-
ticular line conductor deseribed, nor the
broad idea of inducing from astationary con-

514,972

ductor the current to operate the motor on a
traveling car or other vehicle, but

What I claim is—

1. In an electric railroad system operated
by electric currents of high potential and fre-
quency, the combination of an insulated and
clectrically screened supply conductor ex-
tending along the line of travel, a motor car
or cars carrying a condueting plate or bar in
inductive relation to the sereened conductor
and an electrical connection between the said
plate and the motor, as set forth.

40

45

9. In an electric railroad system operated

by electric currents of high potential and fre-
quency, the combination of a supply conduc-
tor running along the line of travel, a con-
ductingsheath orscreen dividedintoinsulated
sections and surrounding thesaid conductor,
a motor car supporting a condueting bodyin
proximity to the supply conductor and an
electrieal connection between said body and
the motor as set forth.

3. In an electrical railway system, the com-
bination with aslotted conduit of an insulated
conductor supported therein, an insulated
sheath or screen surrounding the conduector,
a motor car adapted to run on tracks parallel
with the conduit, a conducting plate or bar
carried by an arm depending from the car
into the conduit,andan electrical connection
between the plate and the motor, as set forth.

NIKOLA TESLA.

Witnegses:
ErNEST HOPKINSON,
PARKER W. PAGE.
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- UNITED STATES

PAaTENT OFFICE.

NIKOLA TESLA, OF NEW YORK, N. Y.

STEAM-ENGINE.

SPECIFICATION forming part of Letters Patent No, 517,900, dated April 10,1894,
Application filed December 29,1893, Serial No, 495,078, (Mo model) )

2o all whom it may concern:

Be it known that I, NIRoLA TESLA, a citi-
zen of the United States, residing at New York,
in the ccunty and State of New York, have
invented certain new and useful Improve-
ments in Steam-Engines, of whieh the follow-
Ing is a specification, reference being had to
the drawings accompanying and forming a
part of the same. '

Heretofore, engines, operated by the appli-
cation of a force such as the elastic tension
of steam or a gas under pressure, have been
prov1deq with a fly-wheel, or some rotary sys-
tem equivalent in its effect and possessing
relatively great mechanical inertia, which was
relied upon for maintaining a uniformspeed.
I have produced however, an engine which
Wlthou}t such appurtenances produces, under
very wide variations of pressure, load, and
other disturbing causes, an oscillating move-

ment of constant period, and haveshown and |

described the same in an application filed on
August 19, 1893, Serial No. 483,563. A de-
scription of the principle of the construction
and mode of operation of this deviee is nec-
essary to an understanding of my present in-
vention. When a spring which possesses a
sensible inertia is brought under tension as
by being stretched and then freed, it will
perform vibrations which are isochronousand,
as to period, mainly dependent upon the ri-
gidity of the spring and its own inertia or that
of the moving system of which it forms an
This isknown to be truein
all cases where the force which tends to bring
the spring or movable system into a given
position is proportionate to the displacement.
In utilizing this principle for the purpose of
producing reciprocating movement of a con-
stant period, I employ the energy of steam or
gas under pressure, acting through proper
mechanism,to maintain in oscillation a piston,
and connect with or canse to act upon such pis-
ton a spring, preferably, an air spring, under
such conditions as to automatically regulate
the period of the vibration, so that the alter-
nate impulses of the power impelled piston
and the natural vibrationsof the springshall
always correspond in direction and coincide
in time. In such an apparatus it being es-
sential that the inertia of thé moving system
and the rigidity of the spring should bear

certain definite relations, it is obvious that the
practicable amount of work performed by the
engine, when this involves the overcoming of
inertia is a limitation to the applicability of
the engine. I therefore propose, in order to
secure all the advantages of such perform-
ances as this form of engine is capable of, to
utilize it as the means of.controlling the ad-

| mission and exhaust of steam or gas under

pressure in other engines generally, but more
especially those forms of engine in which the
piston is free toreciprocate, orin other words,
is not connected with.a fly wheel or other like
device for regulating or controlling its speed.
The drawings hereto annexed illustrate
devices by means of which the invention may
be carried out, Figure 1 being a central ver-
tical section of an engine embodying my in-
vention, and Fig. 2 a similar view of a modi-
fieation of the same. _
Referring to Fig.1, A designatesa eylinder
containing a reciprocating piston B secured
to a rod C extending through one or both eyl-
inder heads. o ’
D D’ are steam ducts communicating with
the cylinder at or near its ends and E is the
exhaust chamber or passage located between
the steam ports. The piston B is provided
with the usual passages F F/ which by the
movements of the piston are brought alter-
nately into communication with the exhaust
port. " .
G designates a slide valve which when re-

ciprocated - admits the steam or the gas by

which the engine is driven, from the pipe G’
through the duets D D’ to the endsof thecyl-
inder. '

The parts thus described may be considered
as exemplifying any eylinder, piston and slide
valve with the proper ports controlled there-
by, but the slide valve instead of being de-
pendent for its movement upon the piston B
is connected in any manner so as to be recip-
rocated by the piston rod of asmall engine of
constant period, constructed substantially as
follows:—u is the eylinder; in which works the
piston b. An inlet pipe ¢ passes through the
side of the cylinder at the middle portion of
the same. The cylinder exhausts through
ports d d into a chamber d’ provided with an
opening d’’. The piston b is provided with

two circumferential grooves e, f which com-
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municate through openings g in thesame with
the cylinder chambers on opposite sides of the
piston. The special construction of this de-
vice may be varied considerably, but it is de-
sirable that all the ports, and more particu-
larly, the exhaust ports be made larger than
is usunally done, so that no force due tothe ae-
tion of the steam or compressed air in the
chambers will tend toretard or accelerate the
movement of the piston in either direction.
The piston b is secured to a rod i which ex-
tends through the cylinder heads, the lower
end carrying the slide valve above described
and the upper end having secured to it a
plunger 7 in a cylinder 7 fixed to the cylinder
a and in line with it. The eylinder 7 is with-
out ports of any kind and is air-tight except
that leakage may oceur around the piston rod
which does not require to be very close fitting,
and constitutesan ordinary form of airspring.

If steam or a gas under pressure be admit-
ted through the port ¢ to either side of the
piston b,the latter,as will be understood, may
bemaintainedinreciprocation,anditisfreeto
move, in the sense that its movementin either
direction ceases only when the force tending
to impel it and the momentum which it has
acquired are counterbalanced by the increas-
ing pressure of the steam in that end of the
eylinder toward which it is moving, and as in
its movement the piston has shutoffata given
point, the pressure thatimpelled it and estab-
lished the pressure that tends toreturn it, itis
then impelled in the opposite direction, and
this action is continued as long as the requi-.|
gite pressure is applied. The movements of
the piston compress and rarefy the air in the
eylinder ¢ at opposite ends of the same alter-
nately, and this results in the heating of the
cylinder. DBut since a variation of the tem-
perature of the air in the chamber would af-
fect the rigidity of the air spring,I maintain
the temperature uniform as by surrounding
the cylinder ¢ with a jacket ¢’ which is open
to the air and filled with water.

In.such an engine as that just above de-
seribed the normal pressure will produce a
stroke of determined length, which may be
inereased or diminished according to the in-
crease of pressure above or the reduction of
pressure below the normal and due allowance
is made in construeting the engine for a va-
riation in the length of stroke. The rate or
period of reciprocation of the piston,however,
is no more dependent upon the pressure ap-
plied to drive it, than would be the period of
oscillation of a pendulum permanently main-
tained in vibration, upon the force which pe-
riodically impels it, the effect of variationsin
such force being merely to produce corre-
sponding variations in the length of stroke or
amplitude of vibration respectively. The pe-
riod is mainly determined by the rigidity of
the air spring and the inertia of the moving
system and I may therefore secure any pe-
riod of oscillation within very wide limits by
properly proportioning these factors, as by

517,900

varying the dimensions of the air chamber
which may be equivalent to varying the rigid-
ity of the spring, or by adjusting the weight
of the moving parts. This latter is readily
accomplished by making provision for the at-
tachment to the piston rod of one or more
weights /. Since the only work which the
small engine has to perform is the reciproeca-
tion of the valve attached to the piston rod,
its load is substantially uniform and its pe-
riod by reason of its construction will be con-
stant. - Whatever may be the load on the
main engine therefore the steam is admitted
to the eylinder at defined intervals, and thus
any tendency to a change of the period of
vibration in the main engine is overcome.

The eontrol of the main éngine by the en-
gine of constant period may be effected in
other ways—of which IFig. 2 will serve as an
illustration. In this case the piston of the
controlling engine constitutes the slide valve
of the main engine, so that the latter may be
considered as operated by the exhaust of the
former. In the figure I have shown two cyl-
inders A A’ placed end to end with a piston
B and B’ in each. The eylinder of the con-
trolling engine is formed by or in the casing
intermediate to the two main cylinders but in
allotheressentialrespectstheconstructionand
mode of operation of the controlling engine re-
mains as deseribed in connection with Fig. 1.
The exhaust ports d d however, constitute the
inlet ports of the c¢ylinders A A’ and the ex-
haust of the latter is effected through the
. ports m, m which are controlled by the pis-
tons B and B’ respectively. The inlet port
for the admission of the steam to the control-
ling engine is similar to that in Fig.1 and is
indicated by the dotted circle at the center
of the piston b.

An engine of the kind deseribed possesses
many and important advantages. A much
more perfect regulation and uniformity of ac-
tion is secured, while the engine is simple
and its weight for a given capacity is very
greatly reduced. The reciprocating move-
ment of the piston may be converted, by the
ordinary mechanisms into rotary motion or
it may be utilized and applied in any other
manner desired, either direetly or indirectly.

In another application of even date here-
with I have shown and deseribed two recip-
rocating engines combined in such manner
that the movement or operation of one is de-
pendent upon and controlled by the other.
In the present case, however, the controlling
engine is not designed nor adapted to per-
form other work than the regulation of the
period of the other, and it is moreover an en-
gine of defined character which has the capa-
bility of an oscillating movement of constant
period.

What I claim is—

1. The combination with the cylinder and
reciproecating piston and controlling valve of
an engine adapted to be operated by steam
or a gas under pressure of an independently
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controlled engine of constant period operat-
ing the said valve, as described.

2. The combination of an engine cylinder,
a piston adapted to reciprocate therein, a
slide valve for controlling the admission of
steam tosaid eylinder, and an independently
controlled engine of constant period opera-
tively connected with said valve.

3. The combination with the cylinder, pis-
ton and valve mechanism of a main or work-
ing engine, of an independent countrolling
engine comprising a eylinder, a piston con-
nected with the valve mechanism of the main
engine, and a spring acting upon the said
piston and controlling the period of its recip-
rocation, as set forth.,

4. The ecombination with a cylinder and a
piston adapted to be reciprocated by steam
or a gas under pressure of a cylinder and a

20 plunger therein- reciprocated by the piston

and constituting with its cylinder an air
spring, and an open jacket or reqepta,cle
around the said cylinder and containing wa-
ter to preserve the temperature of the air
spring uniform, as set forth.

5. The combination with a cylinder, a re-
ciprocating piston and valve mechanism for
controlling the admission and exhaust.of the
steam or gas under pressure,of a cylinder, a
piston -connected with and operating said
valve mechanism, and an air spring vibrated
by the piston, the spring and piston being
related in substantially the manner deseribed
to produce a reciprocating movement of con-
stant period. . :

NIKOLA TESLA.

Witnesses:
ARTHUR H. SMITH,
ERNEST HOPKINSON.
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FLUID PROPULSION.

1,061,142.

Specification of Letters Patent.

: Patiented'May 6,1913.

Application filed October 21, 1909. Serial No. 523‘,832.

To all whom it may concern:

Be it known that I, Nrxora TEsra, a citi-
zen of the Unilcd States, residing at New
York, in the couity and State of New York,

‘have invented certain new and useful Im-

provements in Fluid Propulsion, of which
the following is a full, clear, and exact de-
scription. . : .

In the practical application of mechanical.

power based on the use of a fluid as the ve-
hicle of energy, it has been demonstrated
that, in order to attain the highest economy,

. the changes in velocity. and direction of
.. movement of the fluid should be as gradual

15

as possible. In the present forms of such

. apparatus more or- less sudden changes,
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shocks and vibrations are unavoidable. Be-
sides, the employment of the usual devices
for imparting energy to a fluid, as pistons,

'paddles, vanes and blades, nécessarily in-

troduces numerous defects and limitations
and adds to the complication, cost of pro-
duction and maintenance of the machine.

The object of my present invention is to

overcome these deficiencies in apparatus de-
sif?ned for the propulsion of fluids and to
effect thereby the transmission and trans-
formation of mechanical energy through the
agency of fluids in a more perfect manner,
and by means simpler and more economical

‘than those heretofore employed. I accom-

_plish -this by causing the propelled fluid to
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" . versely, if the body be place

Iolecular separation.

move in natural paths or stream lines of

-least resistance, free from constraint and dis- -
turbance such as occasioned by vanes or.

kindred devices, and to change its velocity
and direction of movement by imperceptible
degrees, thus avoiding the losses due to sud-
den variations while the fluid is receiving

_energy.

It 1s well known that a fluid possesses,
among .others, two salient properties: ad-
hesion and viscosity. Owing to thesea body
propelled through such a medium encoun-
ters a peculiar impediment known as “lat-
eral” or “skin resistance”; which ‘is two-

fold; one arising from the shock of the fluid .
against the asperities of the solid substance,

the other from internal forces opposing
As an inevitable con-
sequence, a certain amount of the fluid is
dragged along by the moving body. Con-
in a fluid in
motion, for the same reasons, it is impelled

in the direction of movement. - These effects,
in themselves, are of daily observation, but
I believe that I am the first to apply them in
a practical and economical manner for im-
parting energy to or deriving it from a fluid.

The subject of this application is am in-
vention pertaining to the art of imparting
energy to fluids, and.T shall now proceed to
describe its nature-and the principles of con-
struction of the apparatus which I have de-

vised for carrying it out by reference to the’

accompanying drawings which illustrate an

‘operative and efficient embodiment of the

same. S v
Figure 1 is a partial end view, and Fig.
2 is a vertical cross section: of a pump or
compressor constructed  and adapted to be

-operated in accordance with my invention.
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In these drawings the device illustrated .

contains a runner composed of:a plurality
of flat rigid disks 1 of a suitable diameter,
keyed to a shaft 2, and held in position by a
threaded nut 3, a shoulder 4 and washers 5,
of the requisite thickness. Fach disk has a
number of central openings 6, the solid por-

“tions between which form spokes 7, prefér-

ably curved, as shown, for the purpose of
reducing the loss of energy due tothe impact
of the fluid. The runner is mounted 1n a
two part volute casing 8, having stuffin

boxes 9, and inlets 10 leading to its centra
portion. In addition a gradually widening

75

80

85

and rounding outlet 11 is provided, formed

with a flange for ‘connection to a pipe as
usual: The casing 8 rests upon a base 12,

. shown only in part,and supporting the bear-

ings for the shaft 2; which, being of ordinary
construetion, are omitted from

An understanding of the principle em-
bodied in this device will be gained from
the following description of its mode of
operation. Power being applied to the
shaft and the runner set in rotation in the

"directign of the solid arrow the fluid by

reason of its properties of adherence and

'viscosity, upon entering. through the inlets

10 and coming in contact with the disks 1
is taken hold of by the same and subje:ted

to two forces, one acting tangentially in the

direction of rotation, and the other radially
outward, The combined effect of these tan-
gential and centrifugal forces is to propel

30
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the fluid with continuously increasing ve- --

locity in a spiral path until it reaches the
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outlet 11 from which it is ejected. This
spiral movement, free and undisturbed and
essentially dependent on the properties of
the fluid, permitting it to adjust itself to
natural paths or stream lines and to change
its velocity and direction by  nseusible de-
grees, is characteristic of this method of
propulsion and advantageous in its applica-
tion. While traversing the chamber inclos-
ing the runner, the particles of the fluid
may complete one or more turns, or but a
part of one turn. In any given case their
path can be closely calcnlated and graphi-
cally represented, but fairly accurate esti-
mate of turns can be obtained simply-by de-
termining the number of revolutions re-
quired to renew the fluid passing through
the chamber and multiplying it by the ratic
between the mean speed of the fluid and
that of the disks. I have found that the
quantity of fluid propelled in this manner
is, other conditions being equal, approxi-
mately proportionate to the active surface of
the runner and to its effective speed. For
this reason, the performance of such ma-
chines augments at an exceedingly high rate
with the increase of their size and speed of
revolution.

The dimensions of the device as a whole,
and the spacing of the disks in any given

- machine will be determined by the condi-

tions and requirements of special cases. It
may be stated that the intervening distance
should be the greater, the larger the diam-
eter of the disks, the longer the spiral path
of the fluid and the greater its viscosity. In
general, the spacing should be such that the
entire mass of the fluid, before leaving the
runner, is accelerated to a nearly uniform
velocity, not much below that of tie periph-
ery of the disks under normal working con-
ditions and almost equal to it when the out-

let is closed and the particles move in con--

centric circles. Tt may also be pointed out
that such a pump can be made without open-
ings 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 be
eminently adapted for sewage, dredging and
the like, when the water is charged with
foreign bodies and spokes or vanes espe-
cially objectionable. '
Another application of this principle
which I have discovered to be not onl
feasible, but thoroughly practicable and dhz
cient, is the utilization of machines such as
above described for the compression or rare-
faction of air, or gases in general. In such
cases it will be found that most of the gen-
eral considerations obtaining
liquids, properly interpreted, hold true.
‘When, irres
fluid, considerable pressures. are desired,
staging or compoun: may be resorted to
in the usual way the individual runners be-

“ward the center.

in the case of

tive of the character of the

1,061,142

ing, preferably, mounted on the same shaft.
It should be added that the sume end may
be attained with one single runner by suit-
able deflection of the flurd through rotative
or stationary passages.

The principles underlying the invention
are capable of embodiment also in that
field of mechanical engineering which is
concerned in the use of fluids as motive
agents, for while in some respects the ac-
tions in the latter case are directly ofp osite
to those met with in the propulsion o guids,
the fundamental laws applicable in the two
cases are the same. In other words, the
operation above described is reversible, for
if water or air under pressure be admitted
to the opening 11 the runner is set in rota-

70
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80

tion in the direction of the dottéed arrow by

reason of the peculiar properties of the fluid
which traveling in a spiral path and with
continuously diminishing velocity, reaches
the orifices 6 and 10 through which it is
discharged. '

85

When apparatus of the general character -

above described is employed for the trans-
mission of power, however, certain depar-
tures from structural similarity between
transmitter and receiver may be necessary
for securing the best result. I have, there-
fore, included that part of my invention
which is directly applicable to the-use of
fluids as motive agents in a separate appli-
cation filed January 17, 1911, Serial No.
603,049. It may be here pointed out, how-
ever, as-is evident from the above consid-

‘erations, that when transmitting power from

one shaft to another by such machines, any
desired ratio between the speeds of rota-
tion may be obtained
the diameters of the , or by suitably
staging the transmitter, the receiver, or both.
But it may be stated that in one respect,
at least, the two machines are essentially dif-
ferent. In the pump, the radial or static

pressure, due to centrifugal force, is added.

to the tangential or dynamic, thus increas-

iriﬁ the effective head and assisting in the ex-
P

sion of the fluid. In the motor, on the
contrary, the first named pressure, bei
opposed to that of supply, reduces the ef-
fective head and velocity of radial flow to-
; Again; in’ the grope]led
machine a great torque is always desirabl
this calling for an increased number of
disks and smaller distance of separation,
while in the propelling machine, for numer-
ous economic reasons, the rotary effort
should be the smallest and the speed the
greatest practicable. Many other consid-
erations, which will naturally them-
selves, may affect the design and construc-
tion, but the preceding is thought to con-
tain all necessary information in this re-

rd. .
g8.11: will be understood that the principles

bgisizopen selection of
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of construction and operation above set forth,
are capable «f embodiment in machines of
the most widely different forms, and adapt-
ed for the greatest variety of purposes. In
the above, I have sought to describe and ex-
plain only the general and typical applica-
tions of the principle which I believe I am
the first-to realize and turn to useful ac-
count.

I do not claim in this application the
method herein described of imparting en-
ergy to a fluid, having made that discovery
the subject of a copending application Serial
No. 735,914.

What I claim is:

. 1. A machine for propelling or imparting
energy to fluids comprising in combination
a plurality of spaced disks rotatably mounted
and having plane surfaces, an inclosing cas-
ing, ports of inlet at the central portion of
sald casing and through which the fluid is
adapted to be introduced to the axial por-
tions of the disks, and ports of outlet at the
peripheral portion of the casing through

* which the fluid, when the machine is driven

8

by power, is-adapted to be expelled, as set
forth. :

2. A machine for propelling or imparting
energy to fluids, comprising in combination
a volute casing provided with ports of in-
let and outlet at its central and peripheral
portions, respectively, and a runner mounted
within the casing and composed of spaced
disks with plane surfaces having openings
adjacent to the axis of rotation.

3. A rotary pump, comprising in combi-

30

35

nation a plurality of spaced disks with .

plane surfaces mounted on a rotatable shaft
and provided with openings adjacent there-
to, a volute casing inclosing the said disks,
means for admitting a fluid into that por-
tion of the casing which contains the shaft
and an outlet extending tangentially from
the peripheral portion of sald casing. :
In testimony whereof I affix my signature
in the presence of two subscribing witnesses.
NIKOILA TESILA.
Witnesses:
M. Lawsoxn DyEr,
Drury W. CoorEr.
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Specification of Lettetrs Patent.

1909, Serial No. 523,882. Divided and this application filed January
©17, 1911, Serial No. 608,049,

Patented May 6,1913.

To all whom it may concern:

Be it known that I, Nixora TEsta, a citi-
zen of the United States, residing at New
York, in the county and State of New York,
have invented certain new and useful Im-
provements in Rotary Engines and Tur-
bines, of which the following is a full, clear,
and exact desecription..

In the practical application of mechani-

‘cal power. based on the use of fluid as the

vehicle of enérgy, it has been demonstrated
that, in order to attain the highest economy,
the changes in the velocity and direction
of movement of the fluid should be as
gradual as possible. In the forms of appa-
ratus heretofore devised or proposed, more
or less sudden changes, shocks and vibra-
tions are unaveidable. Besides, the employ-
ment of the usual devices for imparting to,
or deriving energy from a fluid, such as pis-
tons, paddles, vanes and blades, necessarily
introduces numerous defects and limitations
and adds to the complication, cost of pro-

 duction and maintenance of the machines.

25

The -object of my invention is to over-
come these deficiencies and to effect the
transmission and transformation of me-

- chanical energy through the agency of
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" in motion, for the same reasons, it is im-

fluids in a more perfect manner. and by
means simpler and more economical than
those heretofore employed. I accomplish
this by causing the propelling fluid to move
in natural paths or stream lines of least
resistance, free from constraint and disturb-

‘ance such as occasioned by vahes or kindred

devices, and to change its velocity and di-

- rection of movement by imperceptible de-

greés, thus avoiding the losses due to sud-
den variations while the fluid is imparting
energy. : :

It is well known that a fluid possesses,
among others, two salient properties, -ad:
hesion and viscosity. Owing to these a
solid body propelled through such a medium
encounters a peculiar impediment known as
“Jateral ” or “skin resistance,” which is twe-
fold, one arising from the shock of the
fluid against the asperities of the solid sub-
stance, the other from internal forces op-
posing molecular separation. As an-inevi-
table consequence a certain amount of the
fluid is dragged along by the moving body.
Conversely, if the body be placed in g fluid

pelled in the direction of movement. These
effects, in themselves, are of daily observa-
tion, but I believe that I am the first to ap-
ply them in a practical and economical man-
ner in the propulsion of fluids or in their
use as motive agents. - _
In an application filed by me October
21gt, 1909, Serial Number 523,832 of which
this case is a division, I have illustrated the
principles underlying my discovery as em-
bodied in apparatus designed for the pro-
pulsion of fluids. The same principles, how-
ever, are ‘capable of embodiment also in
that field of mechanical engineering which
is concerned in the use of fluids as motive
agents, for while in certain respects the
operations in the latter case are directly

opposite to those met with in the propul--

sion of fluids, and the means employed
may differ in some features, the Tundamen-

tal laws applicable in the two.cases are the’

same. In other words, the operation is re-
versible, for if water or air under pressure
be admitted to the opening constituting the
outlet of a pump or blower as described, the
runner is set in rotation by reason of the
peculiar properties of the fluid which, in
its movement through the device, imparts
its energy thereto. ‘ :
The present application, which is a di-

vision of that referred to, is specially in-

tended to describe and claim my discovery
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above set forth, so far as it bears on the use

of fluids as motive agents, as distingnished
from the applications of the same to the
propulsion or compression of fluids.

In the drawings, therefore, I have illus-
trated only the form of apparatus designed
for the thermo-dynamic¢ conversion of en-
ergy, a field in which the applications of
the principle have the greatest practical
value. ) o . v

. Figure 1 is a. partial end view, and Fig.
9 a vertical cross-section of a rotary engine
or turbine, constructed and adapted to be
operated in accordance with the principles
of my invention. ‘

The apparatus comprises a runner com-
posed of a plurality of flat rigid disks 13
of suitable diameter, keyed to a shaft 16,
and held in position thereon by a threaded
nut 11, a shoulder 12, and intermediate
washers 17. The disks have openings 14
adjacent to the shaft and spokes 15, which
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may be substantially straight. For the sake
of clearness, but a few disks, with compara-
tively wide intervening spaces, are 1llus-
trated. . C

The runner is
prising two end castings 19, which contain
the bearings for the shaft 16, indicated but
not shown in detail; stuffing boxes 21 and
outlets 20. The end castings are united by
a central ring 22, which is bored out to a
circle of a slightly larger diameter than thal
of the disks, and has flanged extensions 23,

10

and inlets 24, into which finished ports or

nozzles 25 are inserted. Circular grooves 26
and labyrinth packing 27 are {>rovided on
the sides of the runner. Supply pipes 23,
with valves 29, are connected to the flanged
extensions of the central ring, one of the
valves being normally closed.

For a more ready and complete under-
standing of the principle of operation it is
of advantage to consider first the actions

* that take place when the device is used for
- the propulsion of fluids for which purpose
g5 let it be assumed that power is applied to

15

20

in a clockwise direction. Neglecting, for the
moment, those features of construction that
make for or against the efficiency of the de-
vice as a pump, as distinguished from a mo-
tor, a fluid, by reason of its properties of
adherence and viscosity, upon entering
through the inlets 20, and coming in contact
with the disks 13, is taken hold of by the
latter and subjected to two forces, one act-
ing tangentially in the direction of rotation,
and the other radially outward.” The com-
bined effect of these tangential and centrifu-
gal forces is to. propel the fluid with con-
tinuously increasing velocity in a spiral path
until it reaches a suitable peripheral -outlet
from which it is ejected. This spirdl move-
‘ment, free and undistarbed and essentially
.dependent on the properties. of the fluid, per-
mitting it to adjust itself to natural paths
or stream lines and to-change its velocity and
direction by insensible degrees, is a charac-
teristic and essential feature of this principle
- of operation. . o
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While traversing the chamber inclosing

_ the runner, the particles of the fluid may
complete one or more turns, or but a part

of one turn, the path followed being capable.

of close calculation and graphic representa-
tion, but fairly accurate estimates of turns
can be obtained simply: by determining the
number of revolutions required to renew the
fluid passin% through the chamber and mul-
tiplying ‘it by the ratio between the mean
60 speed of the fluid and that of the disks. I
have found that the quantity of fluid pro-
‘pelled in this manner, is, other conditions be-
Ing equal, approximately proportionate to
the active surface of the runner and to its
g5 effective speed. For this reason, the per:

58

mounted in a casing com-

the shaft and the runner set in rotation say:

1,061,208

formance of such machines augments at an
exceedingly high. rate with the increase of
their size and speed of revolution.

The dimensions of the device ds a whole,
and the spacing of the disks in any given ;g
machine will be determined by the conditions -
and requirements of special cases. Tt may
be stated that the intervening distance should .
should be the greater, the larger the diameter
of the disks, the longer the spiral path of

. . . 75
the fluid and the greater its viscosity. In

-general, the spacing should be such that the

entire mass of the fluid, before leaving the
runner, is accelerated to a nearly amiform
velokity, not much below that of the periph- go
ery of the disks under normal working con-
ditions, and almost equal to it when the out- -
let is closed and the particles move in con-
centric circles. '

Considering now the converse of the above g5
described operation and assuming that fluid
under pressure be allowed to pass through
the valve at the side of the solid arrow, the
runner will be set in rotation in a clockwise
direction, the fluid traveling in a spiral path
and with continuously diminishing velocity
until it reaches the orifices 14 and 20, through
which it is discharged. If the runner be al-
lowed to turn freely, in nearly frictionless
bearings, its rim will attain a speed closely
approximating the maximum of that of the
adjacent fluid and the spiral path of the
particles will be comparatively long, consist-
ing of many almost circular turns. If load
is put on and the runner slowed down, the
motion of the fluid is retarded, the turns are
reduced, and the path is shortened.

Owing to a number of causes affecting the
performance, it is difficult to frame a precise
rule which would be generally applicable,
but it may be stated that within certain
limits, and other conditions being the same,
the torque is directly proportionate to the -
square of the velocity of the fluid relatively
to the runner and to the effective area of the 110
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.disks and, inversely, to the distance separat-

ing them. The machine will, generally, per-
form its maximum work when the effective
speed of the runner is one-half of that of the
fluid ; but to attain the highest economy, the
relative speed or slip, for any given perform-
ance, should be as small as possible. This
condition may be to any desired degree ap-
proximated by increasing the active area O
and reducing the space between the disks.

 When apparatus of the kind described is
employed for the transmission of power cer-
tain departures from similarity between
transmitter and receiver are necessary for
securing the best results. It is evident that,
when transmitting power from one shaft to
another by such machines, any desired ratio
between the speeds of rotation may be ob-
tained by a_proper selection of the diame- = -
ters of tge_dlsks, or by suitably staging the 130
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transmitter, the receiver or both. But it
may be pointed out that in one respect, at
least, the two machines are essentially dif-
ferent.. In the pump, the radial or static
pressure, due to centrifugal force, is added
to the tangential or dynamie, thus increas-
ing the effective head and assisting in the
expulsion of the fluid. In the motor, on the
contrary, the first named pressure, being op-
posed to that of supply, reduces the effective
head and the velocity of radial flow toward
the center. 'Again, in the propelled machine
a great torque is always desirable, this call-
ing for an increased. number of disks and
smaller distance of separation, while in the
propelling machine, for numerous economic
reasons, the rotary effort should be the small-
est and the speed the greatest practicable.
Many other considerations, which will nat-
urally snggest themselves, may affect the de-
sign and construction, but the preceding is
thought to contain all necessary informa-
tion 1n this regard. ‘

In order to bring out a distinetive feature,
assume, in the first place, that the motive
medium is admiited to the disk chamber
through a port, that is a channel which it
traverses with nearly uniform velocity. In
this case, the machine will operate as a
rotary engine, the fluid continuously ex-
panding on its tortuous path to the central
outlet. The expansion takes place chiefly
along the spiral path, for the spread in-
ward is opposed by the centrifugal force
due to the velocity of whirl and by the great
resistance to radial exhaust. It is to be ob-
served that the resistance to the passage of
the fluid between the plates is, approxi-
mately, proportionate to the square of the
relative speed, which is maximum in the
direction toward the center and equal to
the full tangential velocity of the fluid.
The path of least resistance, necessarily
taken in .obedience to a universal law of
motion is, virtually, also that of least rela-
tive velocity. Next, assume that the fluid
is admitted to the disk chamber not through
a port, but a diverging nozzle, a device coa-
verting wholly or in part, the expansive into
velocity-energy. The' machine will then
work rather like a turbine, absorbing the
energy of kinetic momentum of the particles
as they whirl, with continuously decreasing
speed, to the exhaust.

The above description of the operation, I

may add, is suggested by experience and ob-:

servation, and is advanced merely for the
purpose of explanation. The undeniable
fact is that the machine does operate, both
expansively and impulsively. When the ex-
pansior in the nozzles is complete, or nearly
s0, the fluid pressure in the peripheral clear-
ance space is small; as the nozzle is made
less divergent and its section enlarged, the
pressure rises, finally approximating that of

[ a circular bore.

8

the supply. - But the transition from purely
impulsive to expansive action may not be

continuous throughout, on account of ecriti- -

cal states and conditions and comparatively
great variations of pressure may be caused
by small changes of nozzle velocity.

In the preceding it has been assumed that
the pressure of supply is constant or con-
tinuous, but it will be understood that the
operation will be, essentially the same if the
pressure be fluctuating or intermittent, as
that due to explosiéns occurring in more or
less rapid succession. . . ‘

A very desirable feature, characteristic of
machines constructed and operated in ac-
cordance with this invention, is their capa-
bility of reversal of rotation. TFig. 1, while
illustrative of a special case, may be re-
garded 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 ar-
row, the operation, and also the performance
remaining the same as before. the central
ring being bored to a circle with this purpose
in view. The same result may be obtaned

in many 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 opera-
tive port or nozzle is illustrated which might
be adapted to a volute but dces not fit best
Tt will be understood that
a number of suitable inlets mayv be provided
around the periphery lof the runner to im-
prove the action and that the construction
of the machine may be modified in many
ways.

Still another valuable and probably
unique quality of such motors or prime mov-
ers may be described. DBy proper construe-
tion and observance of working conditions
the centrifugal pressure, opposing the pas-
sage of the fluid, may, as already indicated,
be made nearly equal to the pressure of sup-
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ply when the machne is running idle. If

the inlet section be large, small changes in
the speed of revolution will produce great
differences in flow which are further en-
hanced by the concomitant variations in the
length of the spiral path. A self-regulating
machine is thus obtained bearing a striking
resemblance to a direct-current electric mo-
tor in this respect that, with great differences
of impressed pressure in a wide open chan-
nel the flow of the flmud through the same is
prevented by virture of rotation. Since the
centrifugal head increases as the square of
the revolutions, or even more rapidly, and
with modern high grace steel great periph-
eral velocities are practicable, 1t is possible
to attain that condition in a single stage
machine, more readily if the runner be of
large diameter. Obviously this problem is
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facilitated by compounding, as will be un:

derstood- by ‘those skilled in- the art. - Trre-

spective of 1ts bearing on economy, this. tend-
ency  which is, to a degree, common to
motors of the above description, is of special
advantage in the operation of large units, as
it affords a safeguard against running away
and destruction. Besides these, such a prime
mover possesses many other advantages, both
copstructive and -operative.. It is simple,
light and compact, subject to but little wear,
cheap and exceptionally easy to manufac-
ture as small clearances and accurate milling

work are not essential to good nerformance.

In operation it is reliable, there being no
valves, sliding contacts or troublesome vanes.
It is almost free of windage, largely inde-
pendent of nozzle efficiency and suitable for
high as well as for low fluid velocities.and
speeds of revolution. .

It will be understood that the principles

. of construction and overdtion above gener-
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ally set forth, are capable of embodiment in
machines of the most widely different forms,
and ‘adapted for the greatest variety of pur-
poses. In my present specification I have
sought to describe and explain only the gen-
eral and typical applications of the principle
which I believe I am the first to realize and
turn to useful account., : :

What I claim is: :

1. A machine adapted to be propelied by
a fluid consisting in the combination with a
casing having inlet and outlet ports at the
seripheral and central portions, respectively,
of a rotor having plane spaced surfaces be-
tween which the, fluid may flow in natural
spirals and by adhesive and viscous action
impart its enerov of movement to the rotor,
as described, . .

2. A machine adapted to be propelled by
a fluid, comprising a rotor composed of a

- plurality of plane spaced disks mounted on a

45
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shaft.and open at or near the same, an in-
closing casing with a peripheral inlet or in-
lets, in the plane of the disks, and an outlet
or outlets in its eentral portion, as described.

~ 8. A rotary engine adapted to be propelled

by adhesive and viscous action of a continu-
ously expanding fluid comnrising in combi-

‘nation a casing forming a chdmber, an inlet

or inlets tangential to the periphery of the
same, and an outlet or outlets in its central
portion, with a rotor composed of spaced

 %861,806

‘disks mounted on a shaft, and open»at.ﬁorg_s‘g
near the same, as deseribed.. . .. . L

4. A machine adapted to be propelled by:.
fluid, consisting in the combination of a plu-.
 rality of disks meunted on a shaft and open;

at or near the same, and an inclosing casing:
‘with ports or passages of inlet and outlet:

at the peripheral and central: portions, re-
spectively, the disks being spaced to. form:
passages through which-the fluid may flow,
under the combined influence of radial and

tangerntial forces, in a natural spiral path.
from the periphery toward the .axis of the
disks, and impart its energy of movement to-
“the same by 1ts adhesive and viscous action
‘thereon, as set forth. ' '

5. A machine adapted to be propelled by
a fluid comprising in combination a plural-
ity of spaced disks rotatably mounted and
having plane surfaces, an inclosing casing
and ports or passages of inlet and outlet ad-

_jacent to the periphery and center of the

disks, respectivelv. as set forth. -

6. A machine adapted to ve propelled by a
fluid comprising in combination. a runner
composed of a plurality of disks having
plane surfaces and mounted at intervals on
a central shaft, and formed with openings
near their centers, and means for admitting
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the propelling fluid into the spaces between

the disks at the periphery and discharging it
at the center of the same, as set forth.

85:

7. A thermo-dynamic converter, compris-

ing in combination .a series of rotatably .

mounted spaced disks with plane surfaces,
an inclosing casing, inlet ports at the pe-
ripheral portion and outlet- ports leading
from the central portion of the same, as set
forth. - - . Lo

8. A thermo-dynamic converter, compris-
ing in combination a series of rotatably
mounted spaced disks with plane surfaces
and having openings adjacent to their cen-
tral portions, an inclosing casing, inlet ports
in the peripheral portion, and outlet ports
leading from the central portion of the same,
as set forth: ’

In testimony whereof I aflix my signature
in the presence of two subscribing witnesses.

NIKOLA TESLA.

Witnesses:
M. Lawsoxn Dygg,
Wat. BouLEBER,
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" UNITED STATES

| 1,655,113
PATENT OFFICE.

' NIEOLA TESLA, OF NEW YORK, N. Y.

ME".I.‘HOD OF AERTAL TRANSPORTATION.

. Applicatiox; ﬂled_ September 9, 1921, Serial No. 499,519, and in Great Britain April~1, 1821,

The utility of the aeroplane asa means of
transport is materially lessened and its com-

ing to the inherent inability of the mecha-
nism to readily rise and alight, which is an
unavoidable consequence of the fact that the
required lifting force can only be produced
by a more or less rapid translatory move-
ment of the planes or foils. ; In actual ex-
perience the minimum speed for ascension

and ianding is a considerable fraction of that'

in full flight, and the principles of design
do not admit of a very great advance in
this respect without sacrifice of some de-
sirable feature. For this reason planes of

- very large area, high lift wing-sections, de-

20
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flectors of ‘the slip-stream of the .propeller,
- or analogous means, which might be helpful
in these operations, do not afford the remedy
sought. This indispensable high " velocity,
imperilling life and property, makes it neces-
sary to equip the machjne with special
appliances and provide suitable facilities at
the terminals of the route, all of which en-

“tail numerous drawbacks and difficulties of -

a serious nature. ‘So imperative has it be-
come’ to devise some. plan .of doing away
with these limitations of the aeroplane that
the ‘consensus of expert opinion charac-
terizes the problem as one of the most press-

" Ing and important and its practical solution

(2]
W

- the ‘aerial journey,

4
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is eagerly awaited by those engaged in the
development of the art, as well as the gen-
eral public.- S . '
_-Many attempts have beén made to this
end, mostly based on the use of independ-
ent devices: for the express purpose of facili-
tating and insuring the start and finish of
but the operativeness of
roposed 1s not conchu-
sively demonstrated and, besides, they are
objectionable, constructively or otherwise, to
siich-an extent that builders of commercial
apparatus have so far not considered them
of sufficient value to denwrt from present

the arrangements

- practice. -

" of planes as distinct, organs
" presumably,

[
(=]

o)
&

More recently, professional attention has
been turned to the helicopter which is devoid
of support and,
enables both vertical and hori-
zontal propulsion to be satisfactorily accom-
plished through the instrumentality of the
propeller “alone. However, -although” this
idea is guite old and not a few experts have

5 endeavored to carry it out in various ways,

no success has as
dently, this is due
engines employed and, perhaps, also to cer-
tain heretofore unsuspected characteristics
of the device and. fallacies in the accepted
theory of its operation,

yeot. been' achieved. Evi-

understanding of the subject, .
The prospects of a flying machine of this
kind appear at first attractive, primarily be-

to the inadequacy of the’

0Ty ¢ an elucidation of.
- which is deemed necessary for the clear.
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cause it makes possible the carrying of great .

loads with a relatively small expenditure of
.energy.. This follows directly from the
fundamental laws of fluid propulsion, laid
down by W.'T. M. Rankine more than fifty
years ago, in conformity with which the
thrust is equal to the integral sum of the
products of the masses and velocities ‘of the
projected air: particles; symbolically ex-
pressed, :

T =3(mp).

air set' in motion is

Efz(%iw ) -

From these equations it is evident that a

great thrust can be obtained with a compara-
tively small amount of power simply by in-
creasing the ageregate mass of the particles
and reducing their velocities. Taking a
special case for jllustration, if
.under given conditions be ten
horse-power, then a hundredfold
the mass of air, accompanied by a reduction
of its effective velocity to one-tenth, would
‘produce a force of one hundred pounds per
horsepower. But the seemingly great gain
thus secured is of little significance in avia-
tion, for the reason that a high speed of
- trayel.is generally an essential requirement
which can not be fulfilled . except by
propelling the air at high velocity, and
- that obviously implies a relatively small
thrust. . T
. Another quality commonly attributed tc
the helicopter is great stability, this being,
apparently, a logical inference judging from
t![:e location of the centers of gravity and
- pressure. It will be found, though, that con-
trary to this prevailing opinion the device,
while moving in any direction other than up
or down; is in an equilibrium easily dis-
turbed and has, moreover, .a -pronounced

pounds per
increase of

N

the thrust -
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* On the other hand, the kinetic enérgy of the
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tendency‘t(') oscillate.” It is true, of course,
that when the axis of the propeller is verti-

.chine is stable to a degree, but if it is tilted
even slightly, or if the medium becomes
agitated, such is no longer the case. .

In explanation of this-and other peculi-
arities, assume the helicoptér poised in still

.air at & certain height, the axial thrust T
just'equalling the weight, and let the axis of
the propeller be inclined to form an angle «

" " with the horizontal. The change to the new

‘position will have a twofold effect: The ver-
tical thrust will be diminished to -
.Tv.=T Sill IZ’ . ’ »(- N

" and at the same time there will be produced a
. horizontal thrust ’ - : .
‘ ' "Ty=T cos a.

"ﬁn(der the action of the unbalanced foree of

gravity the machine ‘will now fall along a .

curve to.a level below and if the inclination
-of the propeller as well as its speed of rota-
5 tion remain unaltered during the descent,
the forces-T, T, and T, will continuously
‘increase in proportion to the density of the
air until the vertical component T, of the
- axial thrust T becomes equal to the gravita-
tional attraction. The"extent of the drop

-~ will be governed by the inclination .of the

propeller axis and for a given angle it will
“be, theoretically, the same no matter at what

altitude the events take place.” To get an
. idea of its magnitude suppose the elevations-
of the upper‘and lower strata measured from '

sea level be A, and' A,, respectively, d, and

d, the corresponding air-densities and H=

} 926700 feet the height of the * uniform atmos-

-phere,” then as a-consequence of Boyle’s law
the relation wi/ll exist S

. hy %-_7.,,=' H loggi’,;-

Tt is eﬁiéent that; ' ‘V . o
S R U T g
e iBT;——-—-‘Sin “==s-1—ﬁ—; mustbe equal to d;_ -

in order that the vertical component of the
8 axial thrust in the lower stratum should
just sypport the weight. Hence = -
o W
Taking, in a special case. the angle «a=60°,
then S S

R R Sy
g omee Lo

®and . e

" hy—hy=26700Xlog, 1'1547 =3840 feet.’
" In reality the drop will be much greater
-~ for the machirie, upon reaching the lower
. O Jayer with a high velocity relative to the

- described become rectilinear.

. over, t

L ca=45°.
- more, the vertical sustaining effert of the pro-
- peller will correspondingly diminish and the

1,655,118

_medium, will be urged further down along -
_ . the curved path and the kinetic energy, in
cal and the ambient air quiescent the ma- .

the vertical sense, possessed by the moving
mass must be annihilated before:the fall 1s
‘arrested: in a still denser air stratum. . At
this point the upward thrust will be far in
excess of the opposed pull of the weight and
the apparatus will rise with first increasing

and then diminishing speed to a height which .

may approximate the original.. From there

70

75

it will again‘fall and so on, these operations -

being repeated during the forward flight,
the up and down excursions from the main
horizontal line ‘gradually diminishing in

- magnitude. After a lapse of time, deter-

80

mined by numerous influences, the - excur- .

sions should cease altogether and the path

But this is -

next to impossible as can be readily shown

by pointing out ancther curious feature of

-the helicopter. .. - s

In the foregoing the axis of the propeller
was: supposed to move always parallel to
itself, which result might be accomplished
by the use of an adjustable ailergn. In this
“connection it may be pointed out, however,
that such a device will niot act in the manner

of a rudder, coming into full play at inter-

vals only and performing its, functions eco-
nomically, but will steadily absorb energy,

motive power and adding another to the
many disadvantages of the helicopter. -

Let now the machine be* pessessed of a

certain degree of freedom, as will be the case
normally, and observe.in the first place that

85
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.95
thus occasioning a considerable waste of

100

the blades of.the propeller themselves con-. .

stitute -planes developing a reaction thrust,
the pressure on the lower leading blade being
greater than that exerted on the-higher one

"~ owing to the compression of the .air by the’
: - body of the machine and increased density

in that region. This thrust, tending to

105

diminish- the angle. «, will obviously vary -

during one revolution, being maximum in a
position when the line of symmetry of the

110

two propeller blades and that of flight are -

in a vertical plane and minimum at right

-angles to it. Nevertheless, when the hori- .

-zontal speed is great it may be considerable

- and sufficient to quickly overcome the inertia -
_-and gyrdscopic resistances all the more read- -
ily as the upper blade, which is situated ina" - -
-region where the conditions are more nearly = °
normal, operates to the same effect. . More-
his disturbing effect partakes of the
- regenerative quality, the force increasing as

120

the angle diminishes up to a maximum for -

As’ the ‘axis 1§ tilted more and

‘machine will fall with a rapidly increasing

~velocity; finally exceeding the horizontal
‘when the reaction of the blades will' be |
 directed upward go as to inerease the angle

130
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o and theréby ‘cause the machine to soar-

higher. Thus periodic oscillations, -accom-
Ppanied by ascents and descents, will be set up

‘which may well be magnified t5 an éxtent -

such as to bring about a complete overturn
and plunge to earth. :

It is held by some experts that the heli-
copter, because of its smaller body -resist-
ance, would be capable of a higher speed
than"the aerophane. But this is an er-
roneous conclusion, contrary to the laws of

~propulsion. It must be borne in mind that

in the former type, the motive power being
mass of alr must he set

in motion with a velocity smaller than in

.the latter, consequently it must be inferior

In speed. But even if the air were pro-
pelled in the direction of the axis of the

screw with - the same- speed. V in both -of
them, while the aeroplane can approximate:

- the same, the helicopter could never ex.

25

ceed the horizontal- component V cos o
To be explicit, imagine that the air cur-
rent flowing with the velocity V along the
propeller axis inclined to form an angle «
with the horizontal, be replaced by two

_ streams ome vertical and the other hori-
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zontal of velocities respectively ‘equal ‘to V-
sin « and V cos «, it will be evident that a -
‘helicopter in its forward flight could only
- approximate and never equal the speed V.
c0s « of the horizontal air current no matter -

how much ‘the resistance be reduced for,
according to a-fundamental law of propul-
sion, the thrust would be nil at.that velo-
city. The highest efficiency should be ob-
tained with: the machine proceeding at the

‘rate 15 V cos « but the most economical

utilization of power would be cffected when
«=45° in which case the speeds of both the

horizontal and - vertical streams will be
0.7 V. From this it may be inferred that,

theoretically, the best performance micht

be secured 1n ‘propelling the ‘helicopter ‘for-
ward. with a_speed more or less

because -without special .
as are herein set, forth the device, as pointed
out above, would plunge down and shoot
up in succession, at the same time exeécuting

_provisions .such

" smaller oscillations, . whichkk motions will

- motor,

) 1?81‘.,

retard its flight and consume a considerable
portion of the motive energy all the more
so as’the losses incident to the controlling
means will be correspondingly increased.

- Another very serious defect of this kind
of flying machine, from the practical point
of view, is found in its inability of support-
ing itself in the air in_case of failure of the
the projected area of the propeller
blades being inadequate for reducing the
speed of the fall sufficiently to avoid disas-
and this is an almost fatal impediment

% - fo its commercial use.

¢ , approxi-.
mating 0.35 V but the results attained in -
- practice will be necessarily much ‘inferior .

~ From the precedin,
ignored in the technica, publications on the
subject, it will be clear that the successful
solution of the problem is in a. different

~direction.. - - : ' .
- My invention meets the present necessity-

in a simple manner without radical ‘depar-
ture in construction and sacrifice of vald-
able features, incidentally seecuring advan-
tages which should prove very beneficial
In" the further -development -of - the art.
Broadly expressed, it consists in a novel
method of transporting bodies through the
air according to which the machine is raised
and lowered solely by the propeller and
sustained in lateral flight by planes. To
accomplish this a light and. powerful prime-
nover is necessary and as particularly suited
for the purpose I employ, preferably, a
turbine of the kind described _ ;
Patent No. 1,061,206, of May 6, 1918, which
not only. fulfills these requirements, but is
especially adapted to operation at high tem-
perature.. ¥ also make arrangements
whereby the flying machine _
matically or at will of the operator, caused

in my U. S..

may be, auto-.

ifaéts,. which -are
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to"function either as a helicopter or an

aeroplane, .

Full knowledge of -these improvements

will be readily gained by reference to the
accompanying drawings in which Fig. 1 il-

95

lustrates the machine in the. starting or land-

Ing position and Fig. 2, in horizontal flight.

-Fig. 3 is a plan view of thé¢-same with the

upper plane partly Lroken away.

. The structure is composed of two planes or

foils 1, 1 rigidly joined. ‘Their length and
istance apart may be such as to form a near-

square for the sake of smiillness and com-

pactness. With the same sbject the tail is-

100

105

omitted or,if used,itisretractable. The mo- -

tors 2, 2-in this case turbines of the kind de-
scribed in' my patent before Teferred to, and
other 'parts of the motive apparatus are
placed with due regard to the centers of grav-
ity and pressure and the usual controlling

110

means are provided. In addition to these °

‘any of the known stabilizing devices may be
embodied in the machine. At rest the planes
are vertical, or nearly so, and likewise the
shaft: driving the propeller 3, which is con-
structed of a strength, size and pitch that

115

will enable it to raise theentire weight with -

the motors running at an even greater rate
than ‘when propelling the -machine hori-

from the turbines through suitable - gears,

120-

- zontally. - Power is transmitted to the shaft -

The seats 4, 4, 4 . for the operator

and passengers are suspeiided on trunnions
9, 6 on which they can turn through
an angle of about 90°, springs and cush-
ions (not shown) - being employed to in-
suve and limit their motion through this
angle. The usual devices for lateral and di-
rectional control, 6, 6 7, 7 and 8; 8 are pro-
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.~ vided with mechanical bonnecﬁqns enabling

the operator to actuate the devices by hand

~ or foot from his seat in any. position. -At the

start, sufficient power being. turned on by .
suitable means, also within his reach, the.

machine rises . vertically in the air to the

10

desired height when it is gradually tilted
by manipulating the elevator devices and
proceeds like an aeroplane, the load being
transferred from the propeller to the foils

- as the angle of inclination ‘diminishes and

“the speed in horizontal direction increases.

- From the foregoing it will be.understood
~ that, simultaneously with the tilting of the

.15

machine, -the’ operator will' increase the

" for the reduction of sustaining force which

20

25

-follows inevitably from the diminution of'

angle. « .and before the reaction of the
planes can come into full effect. He will
thus prevent a downward plunge .and the
production of dangerous. oscillations which
have been dwelt upon above, and by suitable
manipulation of the apparatus and gtadual
cutting  down' of the power developed by
 the prime moyer, as forward velocity is gained

and the planes take up the load, he may

* cauge- the- machine to advance horizontally

30

_along a sensibly straight.line, a condition
essential to the attainment of the best prac--

tical results. Tn descending, the forward
speed is reduced and the machine righted

.again, acting as a helicopter with the pro-

" thereby the thrust to the required magnitude

40

" "loading as well as tilting" for regula

causing the planes to lose part or all of their

- sustaining efforts, the- operator will apply -

more - power to the :propeller increasing

‘and in all such operations of starting: and
regulating the
the air eonditions or for other

height, meeting

; Iﬂlrposes,,i,t ‘will-be his- object to modify
the

4%

."Special means’of control may
- if necessary; for incressing th

:propeller thrust in about the same meas- .
-ire "as the varying reaction of the planes.

.. may demand in’order that the lifting force

be sensibly -constant. Evidently-also, when---

ever necessary - or- desirable,” power far.in
excess of that normally required may bée
“applied ‘during the flight and the ‘machine
propelled at a greatly increased speed. The
y £ turbine used is-a motor of great
Jightness and activity and lends itself excep-
tionally to. this kind of work for which or-
dinary aviation mofors are unsuited. Tt-is
capsble of carry a_ great overload: and
" running without danger- at excessive. speed
so that diiring the starting and landing oper-
ations the nécessary power can-be developed
by the motors even though less y
- than under their normal working conditions.
; provided,
] the power supply-
perations. Owing to -its extreme

dn. these ;0

- gimplicity the motive apparatus is very reli-

) .speedy and yet yery safe machine. for com--
thrust of the propeller in order to compense

. peller supporting all the load. . Obviously,
> ag the device is slowed down and righted,'

to monoylanes

“angle of the propeller axis to the horizontal,

tally along a straight line under the prevail- o

“planes
-efficiently -

' 1,655,118

“able in operation, but should the power give

out accidentally, landing can still be easily
effected by volplaning. For this purpose,
in’ addition to wheels 9, 9 and 10, 10 wheels
11, 11 are employed, the latter being mount-
ed on the forward end under the lower:plane

and,so that when the machine rests on level =

ground the .propeller shaft will have the
desired inclination which is deemed best
for rising in the manner. of an’ aeroplane.
Such an aeroplane constructed and operated
as described, unites the advantages of both

types and seems to meet best the require-

ments. of a.small, compact, exceedingly

mercial use. Especially ‘good practical re- -
sults are obtainable by the use-of my turbine
which can be depended upon to develop the
necessary energy for lifting, even if it should

be considerably greater than that consumed 8 -
‘in fiight under normal conditions., Thisend, -

can be conveniently attained by temporarily

‘supplying more of the working fluid to the
‘rotor and driving it faster, or running it at ~
_about the same speed and increasing the ef- °

90

fort by adjustment of the pitch of the pro-
peller, or other means known in the art. -
The latter should-be designed to work. most
economically during the flight, as its effi-

ciency in the starting and landing operations 95

‘is of relatively small importance. ‘Instead

of a singlé large screw as described a number -
of smaller ones may be used, in which case
gearing.can be dispensed with. The biplane
seems to be best suited for the chief purpose 1%
contemplated but the invention is-applicable
and other types.
T sufm up, the helicopter type of flying
machine, especially with large inclination 10;
bl
at which it is generally expected to operate, -
is quite unsuitable for speedy aerial trans- -
port; it is incapable of proceeding horizon-

ing air conditions; it is subject to. dangerous
plunges and oscillations and, what is most -
important from the éommercial and practi--
cal point of view, it is almost certainly

-doomed to destruction in case the motive

power gives out. 'These drawbacks and de- 118

“fects are overcome by the methods and ap-

paratus I have described through which &~
novel type of flying machine may be realized
ssessing all the advantages of the helicop-
ter being at the same time safe and capab
of a speed équal to-or even greatly exceeding
that of the present aeroplane. - ..~ =
~.“To my knowledge various forms of aero-
have been proposed with the object
of attaining similar results but a careful
study shows that none of them is capable -
of the actions as those here contemplated for -
want of geroper inethods of operation as well.
as suitable.apparatus. =~ -~
-1 do-not claim’herein the apparatus by 1%

0 .
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means -of which this method is or may be
carried out either in the special form illus-
trated or in modifications of the same, as
this is the subject of a separate application.
_ What I desire to secure by Letters Patent
is: -

1. The hereinbefore described method of
aeroplane transportation which consists .in
developing by the propelling device,a yerti-
cal thrust in excess of the normal,.causing
thereby the machine to rise in an approxi-
mhately vertical direction, tilting it and si-
multaneously increasing the power of the
motor and thereby the propeller thrust, then
gradually reducing the power and thrust as
forward ‘speed is gained and the planes take
up the load, thus maintaining the lifting
force sensibly constant during Hight, tilting
the machine back to its original position and
at the same time increasing the power of the
motor and thrust of the propeller and effect-
ing a landing under the restraining action
of the same. _ g

9. The method of operating a helicopter
which consists in varying the power of the

. motor and thereby the thrust of the propel-

8

ler according to the changes of inclination
of its axis, so as to maintain the lifting force
sensibly constant during the forward flight.

3. The above deseribed method of trans-
porting from place to place a heavier than
air flying machine, which consists in apply-
ing power to the propeller while its axis is
in a vertical position sufficient to cause the
machine to rise, tilting it and at the same
time applying more power to increase the
thrust, then gradually diminishing the pow-
er as the load is transferred from the pro-
peller to the planes, tilting back the machine
and so controlling the applied power as to
effect a slow descent upon the landing place
under the restraining action of the propeller.

4. In the transport of bodies by aeroplane,
the method of controlling the propeller

_thrust and reaction of the planes by varying

the power of the motor correspondingly

with the inclination of the machine so as to:

maintain the lifting force sensibly constant
during the forward flight. :
In testimony whereof I hereto affix my

signature. :
: NIKOLA TESLA.
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UNITED STATES
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PATENT OFFICE.

. NIKOLA TESLA, OF NEW YORK,- N. Y.

APPARATUS ¥OR AERIAL TRANSPORTATION. .

Application filed October 4, 1927. - Serial No. 223,915,

This application is a continuation in part
of my application Serial No. 499,518, iled
September 9, 1921, and is made pursuant
to the rules of the Patent Office, its purpose
being to describe and claim apparatus which
I have invented for carrying into-practice
the method therein disclosed. '

The invention consists of a new type of -

flying machine, designated “helicopter-
plane”, which may be raised and lowered
vertically and driven horizontally by the
same propelling devices and comprises: a
prime mover of improved design and an
airscrew, both especially adapted for the
purpose, means for tilting the machine in
the air, arrangements for controlling its

- operation in any position, a novel landing

20

3

<

4

(=3

o
<

gear and other constructive details, all of
which will be hereinafter fully described. -

The utility of the aeroplane as a means
of transport is materially lessened and its
commercial introduction greatly hampered
owing to the inherent inability of the mech-
anism to readily rise and alight, which is an

5 unavoidable consequence of the fact that the

required lifting furce can only be produced
by a more or less rapid translatory move-
ment of the planes or foils. This indis-
pensable high velocity, imperilling life and
property, makes it necessary to equip the
machine with special appliances and provide
suitable facilities at the terminals of the
route, all of ‘which entail numerous draw-
backs and difficulties of a serious nature.

More recently, professional atiention has
been turned to the helicopter which is devoid
of planes as distinct organs of support and,
presumably, enables both vertical and hori-
“zontal propulsion to be satisfactorily accom-
plished through the instrumentality of the
pro%eher alone. :

The prospects of such a flying machine
appear at first attractive, primarily because
it makes possible the carrying of great

5 welght with a relatively small expenditure

of energy. This follows directly from the
fundamental laws of fluid propulsion, laid

 down by W. T. M. Rapkine more than fifty

years ago, in conformity with which the
thrust is equal to. the integral’sum of the
products of the masses and velocities of the

‘the location of the centers of gravity

projected air particles; - symbolically ex-
pressed, :

" T=3(mv).
On the other hand, the kinetic energy of
the air set in motion is :
lmy?

2
From these equations it is evident that a
great thrust can be obtained with a com-
paratively small amount of power simply by
increasing *the aggfegate mass of the parti-
cles and reducing their velocities. But_the
seemingly great gain thus secured is of small
value in aviation for the reason that a high
speed of travel is generally an essential re-
quirement which cannot be fulfilled except
by propelling the air at high velocity, and
that obviously implies a relatively small
thrust. o

Another quality commonly attributed to
the helicopter is great stability, this being
apparently a logical inference judging fromd
an
pressure. It will be found, though, that
contrary to this prevailing opinion the de-
vice, while moving in any direction other

E=2

‘than up or down, has an equilibrium easily

disturbed and has, moreover, a pronounced
tendency to oscillate. :

In explanation of these and other pecu-
liarities, assume the helicopter poised in still
air at a certain height, the axial thrust T
just equalling the weight, and let the axis of
the propeller be inclined to form an angle
a with the horizontal. The change to the
new position will have a two-fold effect:
the vertical thrust will be diminished to

Ty=T sine :
and at the same time there will be produced
a horizontal thrust

. Tw=T cosa
Under the action of the unbalanced force
of gravity, the machine will now fall along

a curve to a level below and if the inclination
of the propeller as well as its speed of ro-

tation remain unaltered during the descent,

the forces T, T, and T, will continuously
increase in proportion to the density of the
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air until -the vertical cOmpohent T, of the

axial thrust T becomes equal to the gravi-
tational attraction. The extent of the drop
will be governed by the inclination of the
propeller axis and for a given angle it will

be, theoretically, the same no matter at what .

altitude the events take place. To get an
idea of its magnitude suppose the elevations
of the upper and lower strata measured
from sea level be %, and .. respectively, d,
and @, the corresponding air densities and

11:=26.700 feet the height of the “uniform
atmosphere,” then as a consequence of .

Boyle’s Law the velation will exist
d
hl"‘}l2=H log., '3%

1t is ebvious that, -

T.T 1
T, Tsine sina

in order that the vertical component of the

axial ‘thrust in the lower stratum should
just support the weight. Hence

n;_usﬁ be equal to%’:

Hl"‘h2=H loge S—i-.ﬁl—"& .

in a special case, the angle =60
then

1 1

sin o 0.866 1.1547, and

= h,=26,700Xlog, 1.1547=3,840 feet.

In reality the drop will be much greater
for the machine, upon reaching the lower
layer with a high velocity relative to the

Taking,
degrees,

“medium, will be urged further down along

the. curved path and the kinetic energy, in
the vertical sense, possessed by the moving
mass must be annihilated before the fall is
arrested in a still denser air stratum. At
this point the upward thrust will be iar in
excess of the opposed pull of the weight
and the apparatus will rise with first increas-
ing and then diminishing speed to a height
which may approximate the original. From
there it will again fall and so on, these
operations being repeated during the for-
ward flight, the up and down excursions
from the main horizontal line gradually
diminishing in magnitude. After a lapse
of time, determined by numerous influences,
these deviations should become insignificant
and the path described nearly re
But this is next to impossible as can be
readily shown.by pointing out another cu-
rious feature of the helicopter.

In the foregoing the axis of the propeller
was supposed to move always parallel to
itself, which result might be accomplished
by the use of an adjustable aileron. In
this connection it may be pointed out, how-
ever, that such a’ device will not act in the
manner of a rudder, coming into full play

‘energy,

‘two

rectilinear. -

1,655,114

at intervals only and performing its func-
tions economically, but will steadily absorb
this occasioning a considerable waste
of motive power and adding another to the
many disadvantages of the helicopter.

Let now the machine be possessed of a
certain degree of freedom, as wiil be the
case normaily, and observe in the first place
that the blades of the propeller themselves
constitute plancs developing a reaction 7
thrust, the pressure on the lower leading
blade being greater than that exerted on the
higher one owing to the compression of the
air by the body of the machine and in-
creased density in that region. This thrust
tending to diminish the angle «, will vary
during one revolution, being maximum in
a position when the line of symmetry of the
propeller blades and that of flight are
in the same vertical plane ‘and minimum
when the former is at right angles to it.
Nevertheless, if the horizontal speed is great,
it may be considerable and sufficient to quick-
ly overcome the inertia and gyroscoplc re-
sistances all the more readily as the upper
blade operates to the same effect. Moreover,
this intermittent action partakes of the re-
generative quality, the force increasing as
the angle diminishes up to a maximum for
«=45 -degrees, and may also give rise to
disturbing resonant vibrations in the struc-
ture. As its axis is tilted more and more,
the vertical sustaining effort of the propel-
ler correspondingly diminishes and the ma-
chine will fall with a rapidly increasing 1uvo
velocity, which may finally exceed the hori-
zontal, when the reaction of the blades is
directed upward so as to increase the angle

« and thereby cause the machine to soar
higher. Thus periodic oscillations, accom- 395
panied by ascents and descents, will be set

up which may well be magnified to an ex-
tent such as to bring about a complete over-
turn and plunge to carth.

Tt is held by some experts that the heli- ji0
copter, because of its smaller body resistance,
would be capable of a higher speed than the
aeroplane. This is an erroneous conclusion,
contrary to the laws of propulsion. It must
be borne in mind that in the former type, 115
the motive power being the same, a greater
mass of air must be set in motion with a
velocity smaller than in_the latter, comse-
quently it must be inferior in speed. But
even if the air were propelled in the direc- 120
tion of the axis of the screw with the same
speed V in both of them, while the aeroplane
approximates the same, the helicopter can
never exceed the horizontal component V
cos o which, under the theoretically most 125
economical conditions of operation, would
only be 0.7V, and this would be true no mat-
ter how much its resistance is reduced.

Another very serious defect of this kind
of flying machine, from the practical point 130
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of view, is found in its inability of support-
ing itself in the air in case of failure of the
motor, the projected area of the propeller
blades being inadequate for reducing the
speed of the fall sufficiently to avoid dis-

aster, and this is an almost fatal impediment -

to its commercial use. z

From the preceding facts, which are ig-
nored in the technical publications on the
subject, it will be clear that the successful
solution of the problem is in a different di-
rection, : '

In an application of even date, referred to
above, I have disclosed an invention which
meets the present necessity in a simple man-
ner and, briefly stated, consists in a novel

- method of transporting bodies through the

air according to which the machine is raised

" and lowered solely by the propeller and sus-
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- stresses.

tained in lateral flight by planes.

My present application is based on .new
and useful features and combinations of ap-
paratus which I have devised for carrying
this method into practice.

Full knowledge of these improvements
will be readily gained by reference to the
accompanying drawings in which
. Fig. 1 illustrates the machine in the start-
ing or landing position and

Fig. 2 in horizontal flight; '

Fig. 8 is a plan view of the same with the
upper plane partly broken away and

Fig. 4 and Fig. 5 sectional views of con-
structive details.

The structure is composed of two planes or
foils 1, 1 rigidly joined. Their length and
distance apart may be such as to form a

‘near-square for the sake of smallness and
compactness. With the same object the tail

is omitted or, if used, it is retractable. In
order to raise the machine vertically a very
Tight and powerful prime mover is necessary
and as particularly suited for the purpose,
I employ, preferably, a turbine described
in my U. S. Patent 1,061,206 of May 6,
1913, which not only fulfills these require-
ments but lends itself especially to opera-
tion at very high temperatures. Two such
turbines, designated 2, 2 together with other
parts and accessories of the power plant, are
bolted to the frame, being ple ed with due
regard to the centers of gravity and pressure,
The usual controlling means are provided

.and, in addition to these, any of the known

stabilizing devices may be embodied in the
machine. At rest the planes are vertical, or
nearly so, and likewise the shaft driving the
propeller 8, which is of a strength, size and

pitch such as will enable it to 1ift the entire

weight vertically and withstand safely the
Power is transmitted to the shaft
from the turbines through gearing which

‘may be of the single reduction type as illus-

trated, the turbines rotating in the same
direction ar 1 neutralizing the gyroscopic

“pitch of the propeller.

moment. of the screw. If, instead of one,

two. propellers are used, either coaxially or -

otherwise disposed, the motors should re-
volve in opposite directions. The seats 4, 4,
4 for the operator and passengers are sus-
pended on trunnions 5, 5 on which they can
turn through an angle of about 90 degrees,
springs and cushions (not shown) being em-
ployed to insure and' limit their motion
through this angle. The ordinary devices
for lateral and directional control 6, 6, 7,7
and 8, 8 are provided with mechanical con-
nections enabling the aviator to actuate them
by hand or foot from his seat in any posi-
tion.

Stated in a few words, the operation is as
follows: At the start, sufficient power is
turned on by suitable means, also within
reach, and the machine rises vertically in
the air to the desired height when it is grad-
ually tilted through manipulation of the ele-
vator devices and then prodeeds more and
more like an aeroplane, the sustaining force
of the .propeller being replaced by vertical
reaction of the foils as the angle of incli-

nation diminishes and horizontal velocity in-

creases. In descending, the forward speed
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is reduced and the machine righted again, '

acting as a helicopter with the propeller
supporting all the load. The turbine used
is of great lightness and activity exception-

ally qualified to perform such work for -
which the present aviation motors are un-

suited. It is capable of carrying an extra-
ordinarily great overload and running at
excessive speed, and during the starting,

-landing and other relatively short opera-
-tions, not only can the necessary power be

easily developed, but this can be accom-
plished without incurring a serious loss of
efficiency. Owing to its extreme simplicity
the motive apparatus is very reliable, but
should the power give out accidentally, land-
ing can still be effected by volplaning. For
this purpose, in addition to wheels 9, 9 and
10, 10, wheels 11, 11 are employed, the latter
being mounted on’ the forward end under
the lower plane and so that when the ma-
chine rests on level ground, the propeller

shaft will have the desired inclination which

95
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is deemed best for rising in the manner of an -

aeroplane.  Such a “helicopter-plane,” con-
structed and operated as described, unites
the advantages of both types and seems to
meet well the requirements of a small, com-
pact, very speedy and safe craft for commer-
cial use. v

The abnormal power requirements are
met by supplying more of the working fluid
to the motors and driving them faster, or
running them at about the same speed and
increasing the thrust by adjustment of the
On account of sim-
plicity and much greater range it is pref-
erable to resort to the first method, in which

120
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case the serew should be designed to worlk
most economically in horizontal flight, as
its efficiency in the starting and landing op-

" erations is of comparatively "small im-

portance. Instead of a single large.pro-

peller, as described, a number of small ones

can be used, when the turbine units may be
connected advantageously in stages and

_the gearing dispensed with. The biplane

10

18

20

seems to be particularly well suited for the
chief purpose contemplated, but the inven-
tion is equally well applicable to monoplanes
and other types. _

In order to secure the best results 1 have
found it indispensable to depart, in some
respects, from the usual design of my tur-
bines and embody in them certain construc-
tive; features and means for varying the
power developed from the minimum neces-
sary in horizontal flight to an amount ex-
ceeding by far their rated performance, as
may be required in the operations of ascent

and descent, or spurts of speed, or in com-

batting the fury of thé elements. Further-

.more, I so proportion and coordinate the

fluid pressure generator supplying the pri-
mary energy, the propelling and the con-
trolling means, that for any :attitude or

“working condition of the ‘machine the re-

30 quisite thrust may be almost instantly pro-
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duced and accurately ‘adjusted.

The understanding of these improvements
will be facilitated by reference to Fig. 4.and
Tig. 5. In the first named the turbines
are intended to operate as rotary engines,
expanding the gases in the rotor as well
as the inlet nozzle or port 12, the depth of
which can be varied by shifting a block 13,
fitting freely in a milled channel of the cas-
ing, through the medium of lever 14 con-
trolled by the aviator. 'The orifice for the
passage of the elastic fluid is straight or
slightly converging, so that a much smaller
velocity is obtained than with an expanding
nozzle, this enabling the best relation be-
tween the peripheral speed of the rotor and
that of the fluid to be readily attained. The
performance of such an engine at constant
pressure of supply is, within wide limits,
proportionate fo the quantity of the work-
ing medium passed through the inlet port
and it is practicable to carry, for irdefinite
intervals of time, an exceedingly great over-
load, by which I mean up to three or even
four ‘times ‘- the mnormal. Exceptional
strength and ruggédness of the motors being
imperative in view of centrifugal stresses
and critical speed, their weight need not be
appreciably increased as would be the case
in other forms of prime movers in which,
as a ruie, the weight is in nearly direct pro-
portion to the power developed. To accom-

* plish my purpose I further provide com-

65

mensurately larger inlet and outlet open-
ings. No serious disadvantage is thereby

strolling lever 14.

1,655,114

incurred because windage and other losses
are virtually absent and most of the rotary
effort is due to the peripheral he,
discs.. As shown in-the figure, block 13 is
in the position corresponding to minimum
effort, the section of the inlet channel being
about one-fifth of the whole which is ob-

parts ‘of the,

70

tained when the block is pulled in its ex-

treme position indicated by the dotted line.
Owing to the increase of the coefficient of
contraction . and counterpressure attendant
the enlargement of the inlet, the same should
be made of ample section. ,
Figure 5 shows a different means for at-
taining the same purpose. In this case the
motors operate like true turbines, the work-

-ing fluid being fully expanded, or nearly so,

through divergent exchangeable nozzles as
15, having a throat of sufficient section for

the passage of fluid required during maxi-

mum performance. The exhaust opening is

“also correspondingly enlarged, though not

necessarily to the extent indicated in Figure
4, The power is varied by means of a
throttle valve 16, as used in automobiles,
located in the conduit supplying the air and
carbureted fuel to the fluid pressure genera-
tor and mechanically connected to the con-
This apparatus is ‘of 2
capacity adequate to the maximum demand
by which I do not-mean that it is necessarily
much larger than required for normal per-
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formances, but is merely designed to sup-

ply the working fluid or, broadly stated,
energy—whenever desired, at a rate greatly
exceeding the normal. In Figure 3 this ap-
paratus is. diagrammatically indicated by
17, and may be any one of a number of
well-known ~ tiypes, producing pressure by
internal combustion of a suitable fuel or by
external- firing of a steam boiler.  In the
latter case, with constant pressure, the ar-
rangement shown in Figure 4 is best to em-
ploy, while the plan illust}ated in Figure
5 can be used to advantage/when both pres-

sure and quantity of fluid are-varied.

. In operation for vertical ascent, the ma-
chine being in the attitude of Figure 1, the
aviator will push forward lever 14 and sup-
ply sufficient primary energy to the motors

for lifting the machine with “the desired-

velocity. When the objective elevation is
reached rudders 7, 7 are manipulated to in-
cline the machine at a- certain angle, the
aviator simultaneously applying more pres-
sure to the lever and augmenting the fluid
supply to the motors, thereby increasing the

propeller thrust in the vertical direction so-

as to prevent the machire from descending.
He continues these operations always coor-
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dinating the thrust developed with the .

changes in attitude of the machine until a
certain angle of inclination is attained and
the machine is supported chiefly by reaction
of the planes. At this stage he begins to re-
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duce the pressure on the lever and supply

of working fluid simultaneousl decreasing

the. angle of inclination thus ﬁzlally effect-
ing, by insensible steps, horizontal flight, .

5 It should be understood that descent and

alighting, as well as rising in the manner

-of a true aeroplane may be accomplished as

usual. - In such case the motors will be oper-

ated at their normal rated capacity. How-

~10 ever, when excessive speed becomes neces-

sary, the effort of the motors may be instant-

ly and greatly augmented by merely
manipulating block 18 or valve 16 as de-
scribed. :

15 Whenever it is desired to descend ver-
tically, the aviator will reverse the oper-
ations as applying to substantial vertical
ascent, which is to say, bring the michine
gradually into starting attitude, at the same

20 time increasing the supply of fluid to the
motors and the vertical component of the
propeller thrust, while reducing the hori-
zontal. Finally, he will steadily reduce the
fluid supply and the vertical thrust so as to

5 descend to the landing place at a very low,
safe velocity. '

In the preceding I have described a flying
machine characterized by a number of novel
constructive and operative features and

30 well suited for meeting a pressing necessity

. i the present state of the art. The chiof

.. improvements consist in first, adapting my

[ 3]
(5

turbine motor for excessive overload with--

out appreciable increase of its weight, sec-

33 ond, providing large variable inlet ports

and corresponding “exhaust openings, with

. the object ‘of meséting the abnormal power
requirements in the starting, landing and
othet short operations, and still preserving a

4v high efficiency in horizontal flight; third,
combining with the turbine a fluid pressure
generator of adequate capacity with means
for control and, fourth, embodying these
and other features in a suitablé structure

45 improved in various details. These may
be greatly varied and I wish it to be under.
stood that I do not limit myself to the pre-
cise arrangements illustrated and described.

I claim as my invention:

50 1. In an aeroplane adapted for vertical
and horizontal propulsion and change from
one to the other attitude, the combination
of means for tilting the machine in the air,
a fluid pressure generator of a capacity sev-

65 eral times greater than normally required

 in horizontal flight, a motor capable of car-
~ rying overloads adequate for support in all

attitudes, and means for controlling the sup-
ply of the fluid to the motor in accordance
with the inclination of the machine. .

2. In an aeroplane adapted for Vertical
and horizontal propulsion and change from
one to the other attitude, the combination
‘with means for tilting the machine in the
air and a system producing thrust approxi-
mately .parallel to the principal axis of the
same and.including a fluid pressure gener-
ator having a capacity several times greater
than normally required in horizontal flight,

a motor capable of carrying over-loads

adequate for support in all attitudes, and
means for, controlling the supply of the
fluid to the motor in accordance with the
inclination of the machine.

3. In an aeroplane adapted for vertical
and horizontal propulsion and change from
one to the other attitude, the combination of
means for tilting the machine in the air, a
fluid pressure generator capable of supply-
ing fluid at a rate several times greater than
required for horizontal flight, a prime mover
consisting . of a rotor of plane spaced discs
with central openings and an enclosing cas-
ing with inlet and outlet orifices of a section
much greater than required for normal per-
formances respectively at the periphery and
center of the same, and means for control-

ling the supply of the fluid to the motor in

accordance with the inclination qf the ma-

chine. -

4. In an aeroplane adapted for vertical
and horizontal propulsion and change from -
one to the other attitude, the combination
of means for tilting the machine in the air,
a thrust producing system having its prin-
cipal energy producing elements designed

for normal load in horizontal flight but

capable of carrying over-loads adequate for
support of the aeroplane in all attitudes,

and means for

controlling the energy pro-

duced in said system in accordance with the
inclination of the machine.

5. In a flying machine of the kind de-
scribed in combination with means for ver-
tical and lateral control of two wheel bases
at right angles to one another as set forth.

6. In a flying machine of the kind de-
scribed in combination with means for ver-

tical and lateral control of two wheel bases
at right angles to one another and having

one or more wheels common to both.

In testimony
signature.

!

whareof I hereunto affix my
NIKOLA TESLA.
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Patent No. 1,655,114, Granted January 3, [928 to
NIKOLA TESLA.

It is hereby certified that ervor appears in the printed specification of the above
numbered patent requiring correction as follows: Page 1, after line 57, strike ont
the formula and insert instead

E=E(%mv’);

end that the said Letters Patent should be read with this correction thercin that
the same mag' conform to the record of the case in the Patent Office.
Signed and sealed thix 20th day of March, A. D. 1928,
|sEAL.] M. J. MOORE,
Actinyg (ommissioner of Patents.
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To all whom it may concern:

Be it known that I, N1goLa TESLA, a sub-
Jject of the Emperor of Austria,from Smiljan,
Lika, border country of Austria-Hungary, re-
siding at New York, in the county and State
of New York, have invented certain new and
useful Improvements in Alternating-Carrent
Machines, of which the following is a specifi-
cation, reference being had to the accompa-
nying drawings.

In the systems of distribution of electrical
energy from alternating-current generators
in present use the generators give ordinarily
from one tothree hundred alternations of cur-
rent per second. I haverecognized and dem-
onstrated in praectice that it is of great ad-
vantage, on many accounts, to employ in such
systems generators capable of producing a
very much greater number of alternations
per second—say fifteen thousand per second
or many more. To produce such a high rate
of alternation, it is necessary to construct a
machine with a great number of poles or polar
projections; but such construction, on this
account, in order to be efficient, is rendered
difficult. If an armature without polar pro-
jections be used, it is not easy to obtain the
necessary strength of field, mainly in conse-
quence of the comparatively great leakage of
the lines of force from pole to pole. If, on
the contrary, an armature-core formed or pro-
vided with polar projections be employed, it
is evident that a limit is soon reached at
which the iron is not economically utilized,
being incapable of following witheut consid-
erable loss the rapid reversals of polarity.
To obviate these and other difficulties, I have
devised a form of machine embodying the
following general features of construection.

I provide a field-magnet core made up of
two independent parts formed with grooves
for the reception of one or more energizing-
coils. The energizing coil, or coils, is com-
pletely surrounded by the iron core, except
on one side, where occurs the opening be-
tween the polar faces of the core, which open-
ing is made as narrow as the conditions of
the machine will permit. The polar faces of
the core of the field are not smooth, but formed
with a great many projections or serrations,
the points of which in one side or polar face
are preferably exactly opposite those in the

other. Between the faces so formed I mount
or support the armature coil or coils and pro-
vide either for rotating the field-magnet or
the armature, or both, and I arrange the said
armatuare-coil or conductor so that it will be
symmetrically disposed with respect to the
field—that is to say,sothat when one portion
of the conductor is passing through the
strongest portion of the field the other por-
tion, which forms the return for the former,
is passing through the weakest points or
parts of the field. 'T'he strongest points of
the fleld, it will be understood, are those be-
tween the projections or points on the polar
faces, while the weakest points lie midway
between them.

A field-magnet, when constructed as above
deseribed, produces, when the energizing-coil
is traversed by a continuous current, a field
of great strength,and one which may be made
to vary greatly in intensity at points not far-
ther distant from one another than the eighth
of an inch. In a machine thus constructed
there is comparatively little of that effect
which is known as “magnetic leakage,” and
there is also but a slight armature reaction.
Either the armature-conductor or the field-
magnet may be stationary while the other ro-
tates, and as it is often desirable to maintain
the conductors stationary and to rotate the
field-magnet I have made a special modifica-
tion of the construction of the machine for
this purpose, and with a view in such case of
still furthersimplifying the machine and ren-
dering it more easy to maintain in operation
I arrange the armature-conductors and the
frame or supports therefor so as to support
also a fixed coil or coils for energizing the ro-
tating field-magnet, thus obviating the em-
ployment of all sliding contacts.

In the accompanying drawings I have illus-.

trated the two typical forms of my machine
above referred to.

Figure 1 is a vertical central section of the
machine, taken on lines » « of Fig. 2; and
IFig. 2 is a horizontal section on line % y of
Irig. 1. The machine in these two figures is
one in which the armature-conductor and the
field-coil are stationary while the field-mag-
net core revolves. Fig. 3 is a vertical central
section of amachine embodying the same plan
of construction, but having a stationary field-
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fiagiet and totating armature; Fig. 4 i &
diagram illtistrating the peculidr configtira-
tion of the polar fates and the relation of the
armatire condudtoi or conductors thereto.
In Tigs. 1 and 2, A A designate two ¢ylin-
drical castings provided with bracket-arms B
B, in which latter are bushings C for the ro-
tating shaft. The conductor in which the
currents are induced may be constructed or
arranged in various ways; but I prefer to
form it in the following manner: I take an
annular plate of copper D and by means of a
‘saw or other cutting-tool cut in it radial slots
from one edge nearly through to the other,
beginning alternatcly from opposite edges.
In this way a continuous zigzag conduetor is
formed. To the inner edge of this plate are

secured two rings of non-magnetic metal E,
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which are insulated from the copper con-
duector, but held firmly thereto, as by means
of bolts ¥. Within the rings K is then placed
an annular coil G, which is the energizing-
coil for the field-magnet. The conductor D
and the parts attached thereto are supported
by means of the eylindrical shell or casting
A A, the two parts of which are brought to-
gether and clamped by bolts F’ to the outer
edge of the conductor D. The conductor D
is also insulated from the shell A. .

The core for the field-magnet is built up of
two circular parts H H, formed with annular
grooves I, which, when the two parts are
brought together, form a space for the recep-
tion of the energizing-coil G.
parts or hubs of the cores H II are trued off,
so as to fit closely against one another, while
the outer.portions or flanges which form the
polar faces JJ arereduced somewhat in thick-
ness to make room for the conductor D, and
are serrated on their faces or provided in any
other convenient way with polar projections.
The two parts of the core H II are mounted
on and fixed to the shaft K, and are bound
together by bolts L. The number of serra-
tions in the polar faces isarbitrary; but there
must exist between them and the radial por-
tions of the conductor D a certain relation,
which will be understood by reference to Fig.
4, in which N N represent the projections or
points on one face of the core of the field,
and 8 8 the points of the other face. The
conductor D is shown in this figure in sec-
tion, a a’ designating the radial portions of
the conduetor, and b the insulating-divisions
between thesame. The relative width of the
parts o o’ and the space between any two
adjacent points N Nor 8 8 is such that when.
the radial portions a of the conductor are
passing between the opposite points N §,
where the field is strongest; the intermediate
radial portions @’ are passing through the
widest spaces midway between such points
and where the field is weakest. Since the

core on one side is of opposite polarity to the
part facing it, all the points or projections of
one polar face will be of opposite polarity to
those of the otherface. = Hence, although the

The central

spadé betwésn any two adjacent points on the
samiéface midy Ve extiemely small, thers Will
be no leakage of the idgnetic lines betwéeit
any two points of tlie same name; but the
lines of force will pass across from one set of
points to the otlier. The donstrdetion fol-
lowed obviates to a great degree the distor-
tion of the magnetic lines by the action of the
current in the conductor D, in which it will
be observed the current is flowing at any
given time from the center toward the pe-
riphery in one set of radial parts ¢ and in the
opposite direction in the adjacent parts a'.
In order to connect the energizing coil G
with a source of continuous current, I have
found it convenient to utilize two adjacentra-

dial portions of the conductor D for connect-

ing the terminals of the coil G with two bind-
ing-posts M. TFor this purpose the plate D is
cut entirely through, as shown, and the break
thus made is bridged over by a short con-
ductor c.

At any convenient point the plate D is cut
through to form two terminals d, which are
connected to binding-posts N.

The core HH, when rotated by the driving-

pulley P, generates in the conductors D an

alternating current, which is taken off from
the binding - posts N. It will be observed
that from the nature of the construction de-
seribed this machine is capable of producing
an alternating current of an enormously high
rate of alternations. E

When it is desired to rotate the conductor
between the faces of a stationary field-mag-
net, I adopt the construction shown in Fig. 3.
The conductor D in this case is or may be
made in substantially the same manner as
above described by slotting an annular con-
ducting-plate and supporting it between two
heads O, held together by bolts o and fixed
to the driving-shaft K. The inner edge of
the plate or conduetor D is preferably flanged
to secure a firmer union between it and the
heads O. It is insulated from said head.
The field-magnet in this case consists of two
annular parts H H, provided- with annular
grooves I for the reception of the coils. The
flanges or faces surrounding the annular
groove are brought together, while the inner
flanges are serrated, as in the previous case,
and form the polar faces. The two parts H
H are formed with a base R, upon which the
machine rests.

S 8 are non-magnetic. bushings secured or
set in the central opening of the cores.

The conductor D is cut entirely throughat
one point to form terminals, from which in-
sulated conductors T are led through the
shaft to collecting-rings V.. '

‘What I elaim is—

1. The combination, in an annular field of
force formed by opposing polar faces with
radial grooves or serrations and with said
poles, of a connected series of radial conduct-
ors so disposed with relation to the serrations
that while one portion of the radial conduct-
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ors is passing between the strongest parts of
the field, or the points where the two poles
most nearly approach, the adjacent or inter-
mediate conductors will pass through the
weakest parts of the field, or the points where
the two poles are most remote, as set forth.

2. The combination, with a conneeted se-
ries of radial conductors forming an annular
coil, of astationary two-partsupporting-frame
clamped to and insulated from the outer
ends of said conductors, a ring formed in two
parts clamped to the inner ends of the same,
an energizing-coil contained in said ring, and
a field-core made in two parts and inclosing
said energizing-coil and presenting annular
polar faces to the series of radial conductors,
as described.

3. The combination, with the annular con-
ducting-plate slotted to form a connected se-
ries of radial conductors, a sectional support-
ing-frame secured to and insulated from the
outer edge of the slotted plate, a sectional
ring secured to and insulated from the inner
edge of said plate, a hollow energizing-coil
contained in said ring, and a field-core com-
posed of two parts bolted together and recessed
to inclose theenergizing-coil, said cores being
mounted in a rotating shaft, as set forth.

4, The combination, with two annular po-
lar faces of opposite magnetic polarity and
formed with opposite points, projections, or
serrations, of a conductor turned back upon
itself in substantially radial convolutions and
mounted in theannular field, whereby a rota-
tion of the Geld or said conductor will develop
therein an alternating current, as set forth.
5. The combination, with a polar face of
given polarity formed with grooves or serra-
tions, of a polar faceof opposite polarity with
corresponding grooves or serrations, the two

[V

polar faces being placed with their grooves
opposite to each other,and a conductor or coil
mounted between said faces with the capa-
bility of movement across the lines of force
in a direction at right angles to that of the
grooves or serrations, as set forth.

6. In a magneto-electric machine, the com-
bination of a sectional frame, a field-magnet
core composed of two connected parts, a rotat-
ing shaft on which said core is mounted, a
conductor in which currents are to be in-
duced, the convolutions of which are radially
disposed- between the polar faces of the field-
core and secured to and supported by the
frame, and an energizing-coil for the field-
core supported by the induced-current coil
and contained in an annular recess formed
by grooves in the faces of the two sections of
the fleld-core.

7. The combination, with opposing field-
magunet poles formed with projections or ser-
rations in their faces, the highest parts or
prominences of one face being opposite to
those of the other, of a conductor the convo-
lutions of which are adapted to pass at right
angles through the magnetic lines between
the opposing prominences, as set forth.

8. The eombination, with a rotating field-
magnet core having two opposing and annu-
lar polar faces with radial grooves or serra-
tions therein systematically disposed, so that
the highest parts or prominences of one face
lie opposite to those of the other, of a station-
ary conductor with radial convolutions and
mounted between the polar faces, as set forth.

NIKOLA TESLA.

‘Witnesses:
ROBT. I. GAYLORD,
PARKER N, PAGE.
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'UNITED STATES

PATENT OFFICE.

- NIKOLA TESLA, OF NEW YORK, N. Y.

“.METHOD OF AND APPARATUS FOR ELECTRICAL CONVERSION AND DISTRIBUTION.

SPECIFICATION forming part of Letters Patent No. 462,418, dated November 3, 1891.
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To all whom it may concern.: .

Be it known that I, NikorLA TESLA, a sub-
ject of the Emperor of Austria,from Smiljan,
Lika, border country of Austria-Hungary, re-
siding at New York, in the county and State

- of New York, have invented certain newand
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useful Improvements in- Methods of and Ap-
paratus for Electrical Conversion and Distri-
bution, of which the following is a specifica-

tion, referehee being had to the drawings ac-

companying and forming a part of the same.

This invention is an improvementin meth-
ods of and apparatus for electrical conversion,
designed for the better and more economi-
cal distribution and applieation of electrical
energy for general useful purposes.

My invention is based on certain electrical
phenomena which have been observed by
eminent scientists and recognized as due to
laws which have been in a measure demon-
strated, but which, so faras I am aware, have
not hitherto been utilized or.applied with
any practically useful results. Stated brief-
1y, these phenomena are as follows: First, if
a condenser or conductor possessing capacity
be ‘charged from a suitable, generator and
discharged through a circuit, the discharge
under certain conditions will be of an inter-

‘mittent or oscillatory character; second, if

two points in an eleciric circuit through which
acurrentrapidly rising and falling in strength
is made to flow be connected with the plates
or armatures of a condenser, a variation in
the current’s strength in the entire cireuit or
in a portion of the same only may be pro-
duced; third; the amount or charaecter of
such variation in the eurrent’s strength is

" dependent upon the condenser capacity, the

45

50

. gelf-induction and resistance of the cireuit or
10

its sections, and the period or time rate of
change of the current. It may be observed,
however, that these several factors—the ca-
pacity, the self-induection, resistance, and pe-
riod—are all related in a manner well under-
stood by electricians; but to render such con-
version as may be effected by eondensers
practically available and useful it is desir-
able, chieily on account of the inereased out-
put and efficiency and reduced cost of the
apparatus, to produce current-impulses sue-

_ceeding each other with very great rapidity,

or, in other words, to render the duration of

each impulse, alternation, or oscillation of
the current extremely small. To the many
difficulties in the way of effecting this me-
chanieally, as by means of rotating switches
or interrupters, is perhaps due the failure to
realize practically, at least toany marked de-
gree, the advantages of which such a system
is capable. To obviate these difficulties, I
‘have in ‘my present invention taken ad-
vantage of the fact above referred to,and
which has been long recognized, thatif a con-
denser or a conductor possessing capacity be
charged froin a suitable source aud be dis-
charged through a circuit the discharge un-
der certain conditions, dependent on the ca-
pacity of the condenser or conductor, the self-
induetion and resistance of the discharging
circuit, and the rate -of supply and decay of
the electrical energy, may be etfected inter-
mittently or in the form of oscillations of ex-
tremely small period. _ -

Briefly stated in general terms, the plan
which I pursue in carrying out my invention
is as follows:

I employ a generator, preferably, of very
high tension and ecapable of yielding either
directoralternating currents. Thisgenerator
T connect up with a econdenser or conductor
of some capacity and discharge’ the accumu-
lated electrical encrgy disruptively through
an air-space or otherwise into a working cir-
cuit containing translating devices and, when
required, condensers. These discharges may
be of the same direction or alternating and
intermittent, succecding each other more or
less rapidly or oscillating to and fro with ex-
treme rapidity. In the working cireuit, by
reason of the condenser action, the current
impulses or discharges of high tension and
small volume arve converted into currents of
lower tension and greater volume. The pro-
duetion and application of a eurrent of such
rapid oscillations or alternations (the number
may be many millions per second) secures,
among others, the following exceptional ad-
vantages: First, the capacity of the condens-
ers for a given output is much diminished;
second, the elficiency of the condensers is in-
creased and the tendency to become heated
reduced, and, third, the range of conversion
is enlarged. T have thus suceeceded in pro-
ducing a system or' method of conversion
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radically different from what has been done
heretofore—first, with respect to the number
of impalses, alternations, or osciilations of cur-
renbper unit of time, and,second, with respect
to the manner in which the impulses are ob-
tained. To express this result, I define the
workingeurrent asone of an excessively small
period orof an excessively large numberof im-
pulses or alternations or oscillations per unit
of time, by which I mean not a thousand or
eventwenty orthirty thousand persecond, but

~many-times that number, and one which is
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made intermittent, alternating, or oscillating
of itself without the employment of mechani-
eal deviees. - '

I now proceed to an explanation somewhat
more in detail of the nature of my invention,
referring to the accompanying drawings.

The two figures are diagrams, each repre-
senting & generating-circuit, a working cir-
cuif, means for producing an intermittent
or oseillating discharge, and condensers ar-
ranged or eombined as contemplated by my
invention. . T

InFigure 1, Arepresentsa generator of high
tension; B B, the conductors which lead cut
from the same. To these conduetors are con-
nected the conductors € of a working cireuit
containing translating devices, such as in-
candescentlampsormotorsG. Inoneor both
conductors B is a break D, the.two ends be-
ing separated by an air-space or a film of insu-
lation, through which a disruptive discharge
takes place. F is a condenser, the plates of
which are connected to the gencrating-circuit.
If this cirenit possess itself sufficient capacity,
the condenser F may be dispensed with.

In Fig. 2 the generating-circuit B B con-
tains a condenser F and discharges through
the air-gaps D into the working circuit C, to
any two points of which is connected 2 con-
denser E. The condenser E isused to modify
the eurrent in any partof the working cireuit,
such as L. ' ‘

It may conduce to a better understanding
of the invention to considér more in detail
the conditions existing in such a system as
is illustrated in Tig. 1. Let it be assumed,
therefore, that in the system there shown the
rate of suppiy of the electrical energy, the
capacity, self-induetion, and the resistance of
the cireuits are so related that a disruptive,

-intermittent, or oscillating discharge occurs
at D. Assume that the first-named takes
place. This will evidently occur when the
rate of supply from the generator is not ade-
quate to the capacity of the generator, con-
ductors B B, and condenser F. Each time

the condenser ¥ is charged tosuch an extent

that the potential or accumulated charge over-
comes the dielectrie strength of the insulat-
ing-space at D the condenser is discharged.
It is then recharged from the generator A and
this process is repeated in more or less rapid
sucecession.
other the more rapidly tlie more nearly the
rate of supply from the generator equals the

The discharges will follow each B

rate ab which the eirenit including the gen-
erator is eapable of taking up and getting rid
of the energy. Since the resistance and self-
induetion of the working circuit C and the
rapidity of the suceessive discharges may be
varied at will, the current strength in the
working and generating cirenit may bear to
one another any desired relation.

To understand the action of the loeal con-
denser E in Fig. 2, let: a single discharge be
first considered. This discharge has two
paths offered—one to the condenser E, the
other through the part L of the working cir-
cuit C. -The part L, however, by virtue of its
self-induetion, offers & strong opposition to
such a sudden discharge, while the condenser,
on the other hand, offers no such opposition.
The vesult is that practieally no current
passes at first through the branch L, but pre-
sumably opposite electricities rush to the
condenser-coatings, this storing for the mo-
ment electrical energyin the condenser. Time

-is gained by this means, and the condenser

then discharges through the branch L, this
process being repeated for each discharge oe-
curring abt D. The amount of -electrical en-
ergy stored in the condepser at each: echarge
is dependent upon the eapacity of the con-
denser and the potential of its plates. Itis
evident, therefore, that the quieker the dis-
charges succeed each other the smaliler for a
given output need be the eapacity of the con-
denser and the greater is also the efficiency of
the condenser. This is confirmed by praec-
tical resulis. :
The discharges occurring at D, as stated,
may be of the same direction or may be alter-
nating, and in the former case the devices
contained in the working cireuit may be trav-
ersed by currents of the same or alternately-
opposite direction. It may be observed, how-
ever, that each intermittent discharge occur-
ring at D may consist of a number of oscilla-
tions in the working cireuit or branch L.
T A periodically-oscillating discharge will oc-
cur at D in Fig. 1 when the quantities con-
cerned bear a certain relation expressed in
well-known formulwe and ascertained by sim-
ple experiment.. In this case it is demon-
strated in theory and practice that the ratio

-of the strength of the eurrent in the working

tothatin the generating cireuits is the greater
the greater the self-induction, and the smaller
the resistance of the working circuit the
smaller the period of oscillation. _

I do not limit myself to the use of any spe-
cific forms of the apparatus deseribed in con-
nection with this invention nor o the precise
arrangement of the system with respect to its
details herein shown. In the drawings re-
turn-wires are shown in the cireunit; but it will
be understood that in any case the ground
may be conveniently used in lieu of the ve-
tarn-wire. :

What I claim is—
1. Whe method of electrical conversion here-
in described, which consists in charging acon-
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denset or conductor possessing capacity and
maintaining a succession of intermittent or
oscillating disruptive discharges of said con-
ductor into a working cireuit containing
translating devices. T
2. In a system of electrical conversion, the |
combination of a generator or source of elec-
tricity and a line or generating circuit con-
taining a condenser or possessing capacity,
and a working circuit operatively connected
with the generating-circuit through one or

more air-gaps or breaks in the conducting
nmedinm, the electrical conditions being so ad-
justed that an intermittent or oscillating dis-
ruptive discharge from the generating into

' the working circuit will be maintained, as set

forth.
’ NIKOLA TESLA.

Witnesses:
ROBT. ¥. GAYLORD;
PARKER W. PAGE.» '
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To all whom it may concern:

Beit known that I, NIKOLA TESLA, a citizen
of the United States, residing at New York,
in the countyand State of New York,havein-
vented certain new and useful Improvements
in Means for Generating Eleetric Currents, of
which the following is a specification, refer-
ence being had tothe drawings accompanying
and forming a part of the same.

The invention, subject of my present ap-
plication, is an improvement applicable more
especially to the method or system of gener-
ating and utilizing electrical energy, hereto-
fore discovered by me, and more fully set
forth in Letters Patent No. 454,622, of June
23,1891, and No.462,418, of November 3,1891,
and which involves the maintenance of an in-
termittent or oscillatory discharge of a con-
denser or cirenit of suitable capacity into a
working circuit containing translating de-
viees. In systems of this character when the
high frequency of the currents employed is
due to the action of a disruptive or intermit-
tent discharge across an air gap or break at
some point of the cireuit, I have found it to
be of advantage not only to break up or de-
stroy the least tendency to continuity of the
arc or discharge, but also to control the period
of the re-establishment of the same, and from
investigations made by me with this object
in view I have found that greatly improved
results are secured by causing the discharge
to take place in and through an insulating
liquid, such as oil, and instead of allowing
the terminal points of the break to remain at
a uniform distance from. each other, to vary
such distance by bringing them periodically
in actual contact or sufficiently near to estab-
lish the discharge and then separating them,
or what is the equivalent of this, throwing in
and out of the gap or break a conduecting
bridge at predetermined intervals. To ob-
tain the best results, moreover, I find it es-
sential to maintain at the point of discharge
a flow of the insulating medium, or, in gen-
eral, such a circulation of the same as will
constantly operate to cut off or break up the
discharge as fast as it is established. The

accomplishment of this latter result involves
the employment of some meehanism for main-
taining the flow or circulation of the insulat-
ing medium past the points of discharge, and

I take advantage of the presence of such
mechanism to accomplish a further and bene-
ficial result which is the maintenance of a
flow or cirenlation of the insnlating liguid in
which I immerse the converter coils used for
raising the potential of the current, and also
the condenser plates when such are required
and used. DBy this means the insulating
liquid surrounding the said coils and plates
may be prevented from heating, either by its
circulation alone or by the application to it
while in motion of a cooling medium, and its
requisite qualities preserved for an indefinite
time.

Broadly considered the plan contemplated
is entirely independent of the special means
for carrying it into execution, but in illustra-
tion of the preferred manner in which the in-
vention is or may be carried out, I now refer
to the drawings which are hereto annexed.

Figure 1 is a diagram of thesystem and de-
viees employed by me. Fig. 2 1is a sectional
view of a detail of mechanism.

G represents an electric generator, as for
instance, an ordinary alternator, in the ecir-
cnit of whieh is the primary P of a trans-
former, of which S represents the secondary,
which is usually of much longer and finer
wire than theprimary. To the secondary cir-
cuit, if it have not of itself sufficient capac-
ity for the purpose herein contemplated, are
connected the plates of a condenser C, and at
any point in said eircuit isa break or gap at
which oceurs the disruptive discharge. Ina
portion of the secondary cireuit, preferably
in series with the condenser, as shown in the
drawings, is a primary coil P’ with which is
associated a secondary 8’, which latter con-
stitutes the ultimate source of currents for a
working circuit D in which or with which are
connected translating devieces E. TUnder the
conditions assumed it will be understood that
by the oscillation or change caused by the ac-
tion of the disecharge, the condenser is charged
and discharged setting up in the primary P’
an electrical disturbance of enormous fre-
quency, as has been explained in my patent
referred to, and as is now well understood.
Instead of employing two terminals at a fixed
distance, however, for the gap across which
the discharge takes place, I vary the distance
between them, or whatis practically the same
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thing, I interpose between said terminals a
conductor or a series of conductors success-
ively by means of which the effbetive dis-
tance or length of the path of discharge is or
may be varied at will. This I accomplish in
the following manner:

A is a pipe or tube that leads into a tank
B. To the end of this tube issecured an ex-
tension F of insulating material and the two
terminals G’ G” are caused to project through
the sides of the same, as indicated in Fig. 2.
Within the extension I secure two cross-bars
H which afford bearings for the spindle of a
small metallic turbine I, the blades of which,
as the turbine revolves, bridge the space be-
tween the two terminals, nearly or quite
touching the terminals in their movement.
If now the tank B be filled with oil and the
latter is drawn off or permitted to flow off
through the tube A, the turbine will be ro-
tated by the flow, the rate of rotation being
dependent upon the rate of flow. By this
means the are or discharge is periodically es-
tablished through a flow of oil, which secures
in the most satisfactory manner the condi-
tions best adapted for practical results.

The further objects of the invention arese-
cured by placing the transformer P’ 8’ in the
body of oil in the tank B, and the condenser
in a closed receptacle L. Then in orderto

' maintain a circulation of the oil and to pro-
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vide for the requisite flow which rotates the
turbine, I connect the tank B with the con-
denser box L by means of the pipe A. I also
run a pipe M from the box L to a small ro-
tary pump N, and another pipe O from the
latter back to the tank B.

‘When necessary or desirable I may insert
in the pipe O a coil R, which is contained in
a jacket T through which a cooling medium
is passed. .

The flow of oil isregulated by the speed at
which the pump N is driven, and by this
means the period of re-establishment of the
are is controlled.

Having now desceribed my invention and
the best means of which I am aware in which
the same is or may be carried into effect, what
I claim is—

1. In an electric system of the kind de-

514,168

seribed, the combination with the points or
terminals between which occurs the inter-
mittent or oscillating discharge of means for
maintaining between said points and in the
path of the discharge a flow of insulating
liquid, as set forth.

2. In an electrical system of the kind de-
seribed, the combination with a transformer,
and the points or terminals between which
occurs the intermittent or osecillating dis-
charge, of a body of insulating liquid sur-
rounding the same, and means for maintain-
ing a flow or circulation of the same, as set
forth. :

3. In an electrical system of the kind de-
seribed, the combination with a transformer
and the points or terminals between which
occurs the intermittent or oscillating dis-
charge, of receptacles inclosing the same and
containing oil and means for maintaining a
flow of the oil through said receptacles and
around the devices therein, as set forth,

4. In an electrical system of the kind de-
seribed, the combination with the points or
terminals between which occurs the inter-
mittent or oscillating discharge, of a means
for maintaining a flow of insulating liquid
between the discharge points, and means for
varying the length of the path of discharge
through such fluid, dependent for operation
upon the flow of the same, as set forth.

5. The combination with discharge points
immersed in oil, of meansfor periodically va-
rying the length of the path of discharge be-
tween them, as deseribed.

6. The combination with discharge points
immersed in oil, of a conductor adapted to pe-
riodically bridge the space between such
points, as set forth. :

7. The combination with discharge points
immersed in oil, means for causing a flow of
the oil between said points and a metallic
turbine mounted between the points and
adapted by the rotation produced by the flow-
ing oil to bridge with its vanes or blades the
space between the said points. '

NIKOLA TESLA.

Witnesses:
ROBT. F. GAYLORD,
PARKER W. PAGE.
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UNITED STATES

PATENT OFFICE.

NIKOLA TESLA, OF NEW YORK, N. Y.

APPARATUS FOR PRODUCING ELECTRIC CURRENTS OF HIGH FREQUENCY AND POTENTIAL.

SPECIFICATION forming part of Letters Patent No. 568,176, dated September 22, 1896.

Application filed April 22, 1898,

Serial No, 588,634, (No model.)

To all whom it may concern:

Beitknown that I, NIRoLA TESLA, a citizen
of the United States, residing at New York,
in the county and State of New York, have in-
vented certain new and useful Improvements
in Apparatus for the Production of Electric
Currents of High Frequency and Potential,
of which the following is a specification, ref-
erence being had to the drawings accompany-
ing and forming a part of the same.

The invention which forms the subject of
Iy present application is embodied in an im-
provement on an electrical apparatus in-
vented by me and deseribed in prior Letters
Patent, notably in United States Patents No.
462,418, dated November 8, 1891, and No.
454,622, dated June 23,1891. This apparatus
was devised for the purpose of converting
and supplying electrical energy in a form
suited for the production of certain novel
electrical phenomena which require currents
of higher frequency and potential than can
readily or even possibly be developed by gen-
erators of the ordinary types or by such me-

chanical appliances as were theretofore
known. The apparatus, as a whole, involves

means for utilizing the intermittent or oscil-
lating discharge of the accumulated electrical
energy of a condenser or a circuit possess-
ing capacity in what may be designated the
“working” circuit, or that which contains the
translating devices or those which are oper-

“ated by such currents.

The object of my present improvements is
to provide a simple, compact, and effective
apparatus for producing these effects, but
adapted more particularly for direct applica-
tion to and use with existing cirenits carry-
ing direct currents, such as the ordinary mu-
nicipal ineandescent-lighting circuits. The
way in which I accomplish this, so as to meet
the requirements of practical and economical
operation under the conditions present, will
be understood from a general description of
the apparatus which I have devised. In any
given circuit, which for present purposes may
be considered as conveying direct currents
or those of substantially the character of di-
rect or continuous currents and which for
general purposes of illustration may be as-
sumed to be a branch or derived circuit across
the mains from any ordinary source, I inter-

pose a device or devices in the nature of a
choking-coil in order to give to the circuit a
high self-induction. TIalso provide a circuit-
controller of any proper character that may
be operated to make and break said circuit.
Around the break or point of interruption I

place a condenser or condensers to store the-

energy of the discharge-current, and in a lo-
cal circuit and in series with such condenser
I place the primary of a transformer, the see-
ondary of which then becomes the source of
the currents of high frequency. It will be
apparent from a consideration of the condi-
tions involved that were the cendenser to be
directly charged Dby the current from the
source and then discharged into the working
circuit a very large capacity would ordinarily
be required, but by the above arrangement
the current of high electromotive force which
is induced at each break of the main circuit
furnishes the proper current for charging the
condenser, which may therefore be small and
inexpensive. Moreover, it will be observed
that since the self-induction of the circuit
through which the condenser discharges, as
well as the capacity of the condenser itself,
may be given practically any desired value,
the frequency of the discharge-current may
be adjusted at will.

The object sought in this invention may be
realized Dby specifically different arrange-
ments of apparatus,butin the drawingshereto
annexed I have illustrated forms which are
typicalof the best and mostpracticable means
for carrying out the invention of which I am
at present aware.

Figure 1 is a diagrammatic illustration of
the apparatus, and Fig. 2 a modification of
the same. )

Referring to IFig. 1, A designates any source
of direct current. In any branch of the cir-
cuit from said source, such, for example, as
would be formed by the conductors A’ A"
from the mains A’ and the conductors K K,
are placed self-induction or choking coils B
B and a circuit-controller ¢. This latter
may be an ordinary metallic disk or eylinder
with teeth or separated segments DD EE, of
which one or more pairs, as It E, diametrically
opposite, are integral or in electrical contact
with the body of the cylinder, so that when
the controller is in the position in which the
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two brushes I I bear upon two of said seg-
ments E K the civeuit through the choking-
coils Bwill beclosed. The segments D D are
insulated, and while shown in the drawings
as of substantially the same length of arc as
the segments E B this Iatter relation may be
varied at will to regulate the periods of charg-
ing and discharging.

The controller C is designed to be rotated
by any proper device, suech, for example, as
an electromagnetic motor, as shownin Fig. 2,
receiving current either from the main source
or elsewhere. Around the controller C, orin
general in parallel therewith, is a condenser
II, and in series with the latter the primary
K of a transformer, the secondary L of which
constitutes the source of the currents of high
frequency which may be applied to many
useful purposes, as for electric illumination,
the operation of Crooke’s tubes, or the pro-
duction of high vacua.

I/ indicates the circuit from the secondary,
whichmay beregarded asthe working circuit.

A more convenient and simplified arrange-
ment of the apparatusisshown in Fig. 2. In
this case the small motor G; which drives the
controller, has its field-coils in derivation to
the main circuit, and the controiler C and
condenser II are in parallel in the field-eir-
cuit between the two coils. Insuch case the
field-coils M take the place of the choking-
coils B. In this arrangement, and in fact
generally, it is preferable to use two con-
densers or a condenser in two parts and to
arrange the primary coil of the transformer
between them. The interruptions of the
field-circuit of the motor should be so rapid
as to permit only a partial demagnetization
of thecores. Theselatter, however, shouldin
this specific arrangement be Iaminated.

The apparatus, as will now be seen, com-
prises, as essential elements, choking-coils, a
circuit - controller, means for rotating the
same, acondenser, and a transformer. These
elements may be mechanically associated in
any convenient and compact form, but so far
as their general arrangement and relations
ave concerned I prefer the relative disposi-
tion illustrated, mainly because, by reason of
their symmetrical arrangement in the cir-
cuit, the liability of injury to theinsulation of
any of the devices is reduced to & minimum.

I do not mean to imply by the terms em-
ployed in describing my improvements that
I limit myself to the use of the precise de-
vices commonly designated by such terms.

TFor instance, the choking-coil as a distinctive
device may be wholly dispensed with, pro-
vided the circuit in which it must otherwise
be placed have a sufficiently high self-induc-
tion produced in other ways. So, too, the ne-
cessity of a condenser, strictly speaking, is
avoided when the cireuit itself possesses suf-
ficient capacity to accomplish the desired re-
sult.

Having now described my invention and
the manner in which the same is or may be
carried into practical effect, what I claim is—

1. The apparatus herein described for con-
verting direct currents into currents of high
frequency, comprising in combination a cir-
cuit of high self-induction, a circuit-control-
ler adaptled to malke and brealk such circuit,
a coudenser into which the said circuit dis-
charges when interrupted, and a transformer
through the primary of which the condenser
discharges as set forth.

2. The combination of a source of dirvect
current and a circuit therefrom, choking-coils
in said circuit, means for making and break-
ing the circuit through said coils, a condenser
around the point of interruption in the said
circuit and a transformer having its primary
in cireunit with the condenser as set forth.

5. .The combination with a cireuit of high
self-induction and means for making and
brealking the same, of a condenser around the
point of interruption in the said eircuit, and
a transformer the primary of which is in the
condenser-circuit as described.

4. The combination with a circuit of direct
current and having a high self-induction, of
a circuit-controller for making and breaking
said circuit, a motor for driving the control-
ler, a condenser in a circuit connected with
the first around the point of interruption
therein, and a transformer the primary of
which is in eireuit with the condenser as set
forth.

5. The combination with a circuit of direct
current, a controller for making and break-
ing the same, a motor having its field-mag-
nets in said circuit and driving the said con-
troller, a condenser connected with the cir-
cuit avound the point of interruption therein
and a transformer the primary of which is in
circeuit with the condenser as set forth.

NIKOLA TESTA.
Withesses:
EpwiN B. HOPKINSON,
M. LLaAwsoN DYER.

6o

05

7¢

8o

o]
()

Qo

100

103




(No Model.) .~ . . » 9 Sheets—Sheet 1.
N. TESLA.
METHOD OF REGULATING APPARATUS FOR PRODUCING CURRENTS
--OF HIGE FREQUENQCY.

R HlﬂﬂﬂmmmnmmluH'i' i 9?-1
i H'“l L a

Butons, 5 it M@M |
Ao Gy Qutis e

T " ATTORNEYS




(No Model.) . o 2 Sheets—Sheet 2.

o N. TESLA. ' '

METHOD OF REGULATING APPARATUS FOR PRODUCING CURRENTS
OF HIGH FREQUENCY.

No. 568,178. 5 ___Patented Sept. 22, 1896.

=7

ATTORNEYS




10

I3

20

30

35

40

45

50

'UNITED STATES

PATENT OFFICE.

NIKOT.A TESLA, OF NEW YORK, N. Y.

METHOD OF REGULATING APPARATUS FOR PRODUCING CURRENTS OF HIGH FREQUENCY.

SPECIFICATION forming part of Letters Paﬁen_t No, 568,178, dated September 22, 1896.
Application flled June 20,1896, Serial No. 596,262, (No model.)

To all whom it may concern: R

Be it known that I, N1KoLA TESLA, a citi-
zen of -the United States, residing at New
York, in the county and State of New York,
have invented certain new and useful Im-
provements in Methods of Regulating Appa-
ratus for Producing Currents of High Fre-
queney, of which the following is a specifica-
tion, reference being had to the drawings ac-
companying and forming a part of the same.

In previous patents and applications IThave
shown and described a method of and appa-
ratus for generating electric currents of high
frequency suitable for the production of va-
rious novel phenomena, such as illumination
by means of vacuum-tubes, the production
of ozone, Roentgen shadows, and other pur-
poses.  The special apparatus of this ¢har-
acter which I have devised for use with cir-

cuifs carrying currents in the nature of those

classed as direct, or such as are generally ob-
tainable from the ordinary circuits nsed in
municipal systems of incandescent lighting,
is based upon the following principles:

The energy of the direct-current supply is
periodically directed into and stored in a cir-
cuit of relatively high self-induction, and in
such form is employed to charge a condenser
or circuit of capacity, which, in turn, is
caused to discharge through a circuit of low
self-induction containing means whereby the
intermittent current of discharge is raised to
the potential necessary for producing any de-
sired effect.

Considering the conditions necessary for
the attainment of these results, there will
be found, as the essential elements of the
system, the supply-circuit, from which the
periodic impulses are obtained, and what
may be regarded as the local eircuits, com-
prising the circuit of high self-induction for
charging the condenser and the cireuit of
low self-induction into which the condenser
discharges and which itself may constitute
the working cireuit, or that coitaining the
devices for utilizing the current, or may be
induectively related to a secondary circuit
which-constitutes the working circuit proper.
These several circuits, it will be understood,
may be more or less interconnected; but for
purposes of illusfration they may be regarded
as practically distinet, with a circuit-con-

troller for alternately connecting the con-
denser with the circuit by which it is charged
and with that into which it discharges, and
with a primary of a transformer in the lat-
ter cirenit having its secondary in that which
contains the devices operated by the current.

To this system or combination the inven-
tion, subject of my present application, per-
tains, and has for its object to provide a
proper and economical means of regulation
therefor.

It is well known that every electric cireunit,
provided its ohmic resistance does notexceed
cerfain definite limits, has a period of vibra-
tion of its own analogous to the period of vi-
bration of aweighted spring. In order toal-
ternately charge a given circuit of this char-
acter by periodic impulses impressed upon it

-and to discharge it most effectively, the fre-

queney of theimpressedimpulses should bear
a definite relation to the frequency of vibra-

‘tion possessed by the circuit itself. More-

over, for like reasons the period or vibration
of the discharge-cireuit should bear a similar
relation to the impressed impulses or the
period of the charging-circuit. When the
conditions are such that the general law of
harmonie vibrations'is followed; the circuits
are said to be in resonance or in electromag-
netic synchronism, and this condition I have
found in my system to be highly advanta-
geous. Hence in practice I adjust the elec-
trical constants of the circuits so that in nor-
mal operation this condition of resonance is
approximately attained. Toaeccomplish this,
the number of impulses of current directed
into the charging-circuit per unit time is
made equal tothe period of the charging-cir-
cuit itself, or, generally, to a harmonic there-
of, and the same relations are maintained
betweenthe charging and discharge circuit.
Any departure from this condition will re-
sult in a decreased output, and this fact I
take advantage of in regulating such output
by varying the frequencies of the impulses
or vibrations in the several cireuits.
Inasmuch as the period of any given cir-
cuit depends upon the relations of its resist-
ance,self-induection, and capacity, a variation
of any one or more of these may result in a
variation in its period. There are therefore

various ways in which the frequencies of
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vibration of theseveral cireuits in the system
referred to may be varied, but the most prac-
ticable and efficient ways of accomplishing
the desired resultarethe following: (a) vary-
ing the rate of the impressed impulses of cur-
rent, or those which are directed from the
source of supply into the charging-circuit, as
by varying the speed of the commutator or
othercircuit-controller; (b) varying the self-
induction of the charging-circuit; (¢) vary-
ing the self-induction or capacity of the dis-
charge-circuit.

To regulate the output of a single cireuit
which has no vibration of its own by mervely

rarying its period would evidently require,

for any extended range of regulation, a very
wide range of variation of period; but in the
system described a very wide range of regu-
lation of the output may be obtained by a
very slight change of the frequency of one of
the cireuits when the above-mentioned rules
are observed.

In illustration of my invention I have
shown by diagrams in the aeccompanying
drawings some of the more practicable means
for carrying out the same. The figures, as
stated, are diagrammatic illustrations of the
system in its typical form provided with reg-
ulating devices of different specific eharac-
ter. These diagrams will be deseribed in de-
tail in their order.

In each of the figures, A B designate the
conductors of a supply-circuit of continuous
current; C, a motor connected therewith in
any of the usual ways and driving a current-
controller D, which serves to alternately close
the supply -circuit through the motor or
through a self-induction coil E and to con-
nect such motor-cireuit with a condenser I,
the cirenit of which contains a primary coil
G, in proximity to which is a secondary coil
II, serving as the source of supply to the work-
ing circuit, or fhatin which are conneeted up
the devices I IC for utilizing the current.

The circuit-controller, it may be stated, is
any device which will permit of a periodic
charging of the condenser I by the energy of
the supply-circuit and its discharging into
a circuit of low self-induction supplying di-
rectly or indirectly the translating devices.
Inasmuch as the source of supply is generally
of low potential, it is undesirable to charge
the condenser directly therefrom, as a con-
denser of large capacity will in such cases be
required. Itherefore employ a motor of high
self-induction, orin place of orin addition to
such motor a choking or self-induction coil
I, to store up the energy of the supply-cur-
rent directed into it and to deliver it in the
form of a high-potential discharge when its
circuit is interrupted and connected to the
terminals of the condenser.

In order to secure the greatest efficiency in
asystem of this kind, it is essential, as Thave
before stated, that the circuits, which, mainly
as a matter of convenience, I have designated
as the “charging” and the ““discharge” cir-

cuits, should be approximately in resonance
or electromagnetic synchronism. Moreover,
in order to obtain the greatest output froma
given apparatus of this kind, it is desirable
to maintain as high a frequency as possible.

The electrical conditions, which are now
well understood, having been adjusted to se-
cure, as far as practical considerations will
permit, these results, T effect the regulation
of the system by adjusting its elements so as
to depart in a greater or less degreefrom the
above conditions with a corresponding varia-
tion of output. Forexample, as in Figure 1,
I may vary the specd of the motor, and con-
sequently of the controller, in any suitable
manner, as by means of a rheostat L in a
shunt to such motor or by shifting the posi-
tion of the brushes on the main ecommutator
M of the motor or otherwise. A very slight
variation in this respect, by disturbing the
relations between the rate of impressed im-
pulses and the vibration of the cireuit of high
self-induction into which they are dirceted,
causes a marked departure from the condi-
tion of resonance and a corresponding redue-
tion in the amount of energy delivered by the
impressed impulses to the apparatus.

A similar result may be secured by modi-
fyingany of the constants of the local eircuits,
as above indicated. For example, in Fig. 2
the choking-coil E is shown as provided with
an adjustable core N, by the movement of
which into and out of the coil the self-indue-
tion, and consequently the period of the cir-
cuit containing such coil, may be varied.

As an example of the way in which the dis-
charge-circuit, or that into which the con-
denser discharges, may be modified to pro-
duce the same result T have shown in TFig. 3
an adjustable self-induction coil R in the cir-
cuit with the condenser, by the adjustment
of which the period of vibration of such cir-
cuit may be changed.

The same result would be secured by vary-
ing the capacity of the condenser; but if the
condenser were of relatively large capacity
this might be an objectionable plan, and a
more practicable method is to employ a vari-
able condenser in the secondary or working
circuit, as shown in Fig. 4. As the potential
in this ecircuit is raised to a high degree, a
condenser of very small capacity may be em-
ployed, and if the two circuits, primary and
secondary, are very intimately and closely
connected the variation of capacity in the
secondary is similar in its effects to the vari-
ation of the capacity of the condenser in the
primary. T have illusfrated as a means well
adapted for this purpose two metallic plates
S 8, adjustable to and from each other and
constituting the two armatures of the con-
denser.

I have confined the description herecin to
a source of supply of direct current, as to
such the invention more particularly applies,
but it will be understood that if the system
be supplied by periodic impulses from any
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source which will effect the same results the
regulation of the system may be effected by
the method herein described, and this my
claims are intended to include.

What I claim is—

1. The method of regulating the energy de-
livered by a system for the production of high-
frequency currents and comprising a supply-
circuit, a condenser, a circuit through which
the same discharges and means for control-
ling the charging of the condenser by the sup-
ply-circuit and the discharging of the same,
the said method consisting in varying the re-
lations of the frequencies of the impulses in
the circuits comprising the system, as seb
forth.

2. The method of regulating the energy de-
livered by a system for the production of high-
frequency currents comprising a supply-cir-
cuit of direct currents, a condenser adapted
to be charged by the supply-circuit and to

diseharge through another circuit, the said
method consisting in varying the frequency
of the impulses of current from the supply-
cireuit, as set forth.

3. The method of producing and regulating
electric currents of high frequency which con-
sists in directing impulses from a supply-cir-
cuit into a charging-circuit of high self-in-
duction, charging a condenser by the accu-
mulated energyof such charging-circuit, dis-
charging the condenser through a circuit of
low self-induction, raising the potential of
the condenser discharge and varying the re-
lations of the frequencies of the electrical
impulses in the said circuits, as herein set
forth.

NIKOLA TESLA.

Witnesses:
M. LAWSON DYER,
DrurY W. COOPER.
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UNITED - STATES

PateNT OFFICE.

NIKOLA TESLA,

OF NEW YORK, N. Y.

METHOD OF AND APPARATUS FOR PRODUCING CURRENTS OF HIGH FREQUENCY.

SPECIFICATION forming part of Letters Patent No. 568,179, dated September 22, 18986,

A.pplica.tion filed July 6, 1896, - Serial No, 598,130,

To all whom z,t ALY COTLCErTL:

Beitknown thatI, NIKOLA TESLA,a (,1'[12611'

of the United States, residing at New Yor k,
inthe county and State of New York, have in-
vented certain new and useful Improvements
in Methods of and Apparatus for Producing
Currents of High Frequency, of which the fol-
lowing is a specification, reference being had
to the drawings accompanying and forming
a part of the same.

The apparatus for producing electrical
currents of very high frequency in which
is embodied the invention of my present

application involves as its chief element:

means forthe periodic charging of a condenser
or circuit possessing capaclty by the energy
of a given source and the discharge of the
same through a circuit of low self-induction,
whereby the rapid succession of impulses
characteristic of a condenser discharge under
such circumstances is made zwzuhble for
many practical and useful purposes.

The general arrangement of circuits and
apparratus which I prefer for ordinary appli-
cationsof this inventionT have shownand de-
scribed in an application filed by me April22,
1896, Serial No. 588,534, as comprising a local
circuit of high self-induction connected with
a source of supply, a condenser, a discharge-
circuit of low self-induction, and a circuit-
controller operating to alternately effect the
charging of the condenser by the energy
stored in the circuit of high self-induction
and’ its ‘discharge through that of low self-
induction. I have shown, however, in the
application referred to as the source of sup-
ply a continuous - current generator, or in
general a source of direct currents, and while
the prineiple of operation and the general
character of the apparatus remain the same
whether the current of the source be direct
or alternating, yet the economical utilization
of thelatterinvolves ¢ertain special prineciples
and®appliances which it is my present object
to illustrate as the basis for the claims of in-
vention made herein.

‘When the potential of the source periodic-
ally rises and falls, whether with reversals
or not is immaterial, it is essential to eco-
nomical operation that the intervals of inter-
ruption of the charging-current should bear
a definite time relation to the period of the

(No model.)

current, in order that the effective potential
of the impulses charging the condenser may
be as high-as possible. I therefore provide,
in case an alternating or equivalent electro-
motive force be employed as the source of

55

supply, a circuit-controller which will inter-

rupt the charging-circuit at instants prede-
termined with reference to the variations of
potential therein. The most practicable
means for accomplishing this of which I am
aware is to employ a synchronous motor ¢on-

6¢

nected with the source of supply and operat-

ing a circuit-controller which interrupts the
charging-current at or about the instant of
highest potential of each wave and permits
the condenser to discharge the energy stored
in it through its appropriate circuit. This
apparatus, which may be considered as typi-
cal of the means employed for earrying out
the invention, I have illustrated in the ac-
companying drawings.

The figures are diagrammatic illustrations
of the system in slightly-modified forms, and
will be described in detail in their order.

Referring to Figure 1, A designates any
source of alternating or equivalent current,
from which lead off mains A’ A’. At any
point wheve it is desired to produce the high- 8o

65

75

frequency currentsa branch circuit B is taken— __

off from the mains, and in order to raise the
potential of the current a transformer is em-
ployed, represented by the primary C and
secondary D. The circuit of the secondary
includes the energizing-coils of a synchro-
nous motor E and a circuit-controller, which,
in the present instance, in Fig. 1 is shown as
composed of a metal disk F with insulated
segments F' in its periphery and fixed to the
shaft of the motor. An insulating-arm G,
stationary with respect to the motor- shaft
and adjustable with reference to the poles of
the fixed magnets, carries two brushes H H,
which bear upon the periphery of the disk.
With the parts thus arranged the secondary
circuit is eompleted through the coils of the
motor whenever the two brushes rest upon
the tninsulated segments of the disk and in-
terrupted through the motor at other times.
Such a motor, if properly constructed, in well-
understood ways, maintains very exact syn-
chronism with the alterations of the source,
and the arm G may therefore be adjusted to
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interrupt the current at any determined point
in its waves. It will be understood that by
the proper relations of insulated and con-
ducting segments and the motor-poles the
current may be interrupted twice in each
complete wave at or about the points of high-
est potential. The self-induction of the cir-
cuit containing the motor and controller
should be high, and the motor itself will
usually be constructed in such manner that
no other self-induection device will be needed.
The energy stored in this cireuit is utilized
at each break therein to charge a condenser
L. With this object the terminals of the
condenser are connected to the two brushes
1L IT or to points of the-circuit adjacent there-
to, so that when the circuit through the mo-
tor is interrupted the terminals of the motox-
circuit will be connected with the condenser,
whereby the latter will receive the high-po-
tential inductive discharge from the motor
or secondary circuit.

The condenser discharges into a cirenit of
low self-induction, one terminal of which is
connected directly to a condenser-terminal
and the other to the brush I opposite to that
connected with the other condenser-terminal,
so that the discharge-circuit of the condenser
will be completed simultancously with the
motor-cirenit and interrupted while the mo-
tor-circuit is broken and the condenser being
charged.

The discharge-cirenit contains a primary
M of a few turns, and this induces in a sec-
ondary N impulses of high potential, which
by reason of their great frequency are avail-
able for the operation of vacuum-tubes I,
single terminal-lamps R, and other novel and
useful purposes.

It is obvious that the supply-current need
not be alternating, provided it be converted
or transformed into an alternating current
before reaching the controller. Forexanple,
the present improvements are applicable to
various forms of rotary transformers, as is
illustrated in I'igs. 2 and 3.

E’ designates a continuous-current motor,
here represented as having four field-poles
wound with coils E”in shunt to the armature.
The line-wires B BB connect with the brushes
b D, bearing on the usual commutator.

On an extension of the motor-shaft is a cir-
cuit-controller composed of aeylinder the sur-
face of which is divided into four conducting-
segments ¢ and four insulating-segments d,
the former being diametrically connected in
pairs, as shown in Fig. 3.

Through the shaft run two insulated con-
duactors e e from any two commutator-seg-
ments ninety degrees apart,and these connect
with the two pairs of segments ¢, respectively.
With such arrangement it is evident that any
two adjacent segments ¢ ¢ become the tormi-
nals of an alternating-current source, so that
if twobrushes IT I be applied to theperiphery
of the eylinder they will take off current dur-

568,179

ing such portion of the wave as the width of
scgment and position of the brushes may de-
termine. By adjusting the position of the
brushes relatively to the cylinder, therefore,
the alternating current delivered to the seg-
ments ¢ ¢ may be interrupted at any point in
its waves.

While the brushes H II are on the conduct-
ing-segments the current which they collect
stores energy in a ecircuit of high self-induec-
tion formed by the wires f 7, self-induction
coils 8 S, the conductors B I3, the brushes,
and commutator. When thiscircuitisinter-
rupted by the brushes H I passing onto the in-
sulating-segments of the controller, the high-
potential discharge of this circuit charges the
condensers K K,which then discharge through
the circuit of low self-indnetion containing
the primary M. The secondary circuit N con-
tains any deviees, as P R, for utilizing the cur-
rent.

The mechanical construction of the cireuit-
controller may be greatly varied, and in other
respects the details shown and described are
merely given as typical illustrations of the
nature and purpose of the invention.

What I elaim is—

1. Themethod herein described of produe-
ing electric currents of high frequency,which
consists in generating an alternating current,
charging a condenser thereby during deter-
minate intervals of each waveof said current,
and discharging the condenser through a cir-
cuit of low self-induction, as herein set forth.

2. The combination with a source of alter-
nating current, a condenser, a circuit-control-
ler adapted to direct the current during de-
terminate intervals of each wave into the con-
densoer for charging the same, and a circuit of
low self-induction into which the condenser
discharges, as set forth.

3. The combination with a source of alter-
nating current,a synchronous motoroperated
thereby, a eircuit-controller operated by the
motor and adapted to interrupt the cireunit
through the motor at determinate points in
each wave, a condenser connected with the
motor-cirecuit and adapted on the interruption
of the same to receive the energystored there-
in, and a cireuit into which the condenser dis-
charges, as set forth.

4. The combination with a source of alter-
nating current, a charging-cireuit in which
the energy of said current is stored, a cirenit-
controller adapted to interrupt the charging-
cireuit at determinate points in each wave, a
condenser for receiving, on the interruption
of the charging-circuit, the energy accumu-
lated therein,and a cireuit into which the con-
denser discharges when connected therewith
by the eircuit-controller, as set forth.

NIKOLA TESTA.
Witnesses:
M. LawsoN DYER,
DrRURY W. COOPER.
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UNITED STATES

PateNT OFFICE.

NIKOLA TESLA, OF NEW YORK, N. Y.

APPARATUS FOR PRODUCING ELECTRICAL CURRENTS OF HIGH FREQUENCY.

SPECIFICATION forming part of Letters Patent No. 568,180, dated September 22, 1896.
Applica.tion filed July 9, 1896, -Serial No, 698,562, (No model.)

To all whom it may concern:

Be it known that I, NIKO1.A TESLA, a citi-
zen of the United States, residing at New
York, in the county and State of New York,
have invented certain new and useful Im-
provementsin Apparatus for Producing Elec-
trical Currents of High Frequency, of which
the followingis a specification, reference be-
ing had to the drawings accompanying and
forming a part of the same. ‘

This invention is an improvement in ap-
paratus for producing electrical currents of
high frequency in accordance with the gen-
eral plan heretofore invented and practiced
by me and based upon the principle of charg-
inga condenser or circuit possessing capacity
and discharging the same through a circuit
of low self-induection, so that rapid electrical
oscillations are obtained. To secure this re-
sult, I employ some means for intermittently
charging the condenser and for discharging
it through the circuit of low self-induction;
and among the means which I have hereto-
fore employed for this purpose was a me-
chanical contact device which controlled both
the charging and the discharge circuit in
such manner that the condenser was alter-
nately charged by the former and discharged
into the latter.

My present improvement consists in an ap-
paratus for effecting the same result by the

. use of acircuit-controller of special character

35

40

45

50

in which the continuity of the paths for the
current is established at intervals by the pas-
sage of sparks across a dielectrie.

In carrying out my present improvementI.

employ a circuit-controller containing two
terminals or sets of terminals movable with
respect to each other into and out of prox-
imity, and I provide means whereby the in-
tervals between the periods of close approxi-
mation, during which the spark passes, may
be adjusted so that when used in a system
supplied by a source. of alternating current
the periods of make and break may be timed
with reference to a phase of the current wave
or impulse. ) ‘
Referring to the drawings, which illustrate
in its preferred form the improvement above
referred to, Figure 1 is a view, partly in ele-
vation and partly in section, of a generator
arranged to give an alternating current with

the circuit-controller mounted on its shaft.
Fig. 2 is a section of the controller of Fig. 1
online x x of said figure. - Fig. 3 is a diagram
illustrating the system or:appardtus as a
whole. Figs. 4 and 5 are sectional views of
a modified form of circuit-controller.

A designates in Fig. 1 a generator having
a commutator A’ and brushes A" bearing
thereon, and also collecting-rings B B, from
which an alternating current is taken by
brushes B’ in the well-understood manner.

The cireunit-controller is mounted in part
on an extension of the shaft C of the gener-
ator, and in part on the frame of the same,
or on a stationary sleeve surrounding the
shaft. Itsconstruction in detailis asfollows:
D is a metal plate with a central hub D', which
iskeyed or clamped to the shaft C. The plate
is formed with segmental extensions corre-
sponding in number to the waves of cur-
rent which the generator delivers. These
segments are preferably cut away, leaving
only rims or frames, to one of the radial sides
of which are secured bent metal plates B,
which serve as vanes to maintain a circula-
tion of air when the device is in operation.
The segmental disk and vanes aré contained
within a close insulated box or case F, mount-
ed on the bearing of the generator, or in any
other proper way, but so as to be capable of
angular adjustment around the shaft. To
facilitate such adjustment, a screw-rod F’,
provided with a knob or handle, is shown as
passing through the wall of the box. The
latter may be adjusted by this rod, and when
in proper position may be held ‘therein by
screwing the rod down into a depression in
the sleeveor bearing, asshown in Ifig. 1. Ajr-
passages (& G are provided at opposite ends
of the box, through which airis maintained
in circulation by the action of the vanes.
Through the sides of the box F and through
insulating-gaskets IT, when the material of
the box is not a sufficiently good insulator,
extend metallic terminal plugs K K, with
their ends in the plane of the conducting
segmental disk D and adjustable radially to-
ward and from the edges of the segments.
This or similar devices are employed to carry
out the invention above referred to in the
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-manner illustrated in Fig. 3. - A in this'figure

represents any source of alternating current
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the potential of which is raised by a trans-
former, of which ¢ is the primary and D the
secondary. The ends of the secondary cir-
cuit S are connected to the terminal plugs K
K of an apparatus similar to that of Iigs. 1
and 2 and having segments rotating in syn-
chronism with the alternations of the current
source, preferably, as above described, by
being mounted on the shaft of the generator
when the conditions so permit. The plugs
K K are then adjusted radially, so as to ap-
proach more or less the path of the outer
edges of the segmental disk, and so that dur-
ing the passage of each segment in front of
a plug a spark will pass between them, which
completes the secondary circuit 8. The box
or the support for the plugs Kis adjusted an-
gularly, so as to bring the plugs and segments
into proximity at the desired instants with
reference to any phase of the current-wave
in the secondary circuit and fixed in posi-
tion in any proper manner. To the plugs
KK are also connected the terminals of a con-
denser or condensers 1., so that at the instant
of the rupture of the secondary circuit S by
the cessation of the sparks the energy accu-
mulated in such eircuit will rush into and
charge the condenser. A path of low self-
induction and resistance, includinga primary
M of a few turns, is provided to receive the
discharge of the condenser, when the circuit
Sisagain completed by the passage of sparks,
the discharge being manifested as a succes-
sion of extremely rapid impulses. The po-
tential of these impulses may be raised by a
secondary T, which constitutes the source of
current for the working circuit or that con-
taining the devices R for utilizing the current.

By means of this apparatus effects of a
novel and useful character are obtainable, but
to still further increase the efficiency of the
discharge or working current I have in some
instances provided a means for further break-
ing up the individual sparks themselves. A
device for this purpose is shown in Figs. 4
and 5. The box or case I in these figures is

fixedly secured to the frame or bearing of the
generator or motor which rotates the circuit-
controller in synchronism with the alternat-
ing source. Within said boxis adisk D, fixed
to the shaft C, with projections d’ extending

from its edge parallel with the axis of the
shaft. A similar disk D" on a spindle d, in
face of the first, is mounted in a bearing in
the end of the box F with a capability of ro-
tary adjustment. The ends of the projec-
tions d’ are deeply serrated or several pinsor
narrow projections placed side by side, as
shown in Fig. 4, so that as those of the oppo-
site disks pass each other a rapid succession
of sparks will pass from the projections of one
disk to those of the other.

‘What I elaim as my invention is—

1. The combination with a source of cur-

rent, of a condenser adapted to be charged.

thereby, a circuit into which the condenser
discharges in a series of rapid impulses, and
a circuit-confroller for effecting the charging
and discharge of said condenser, composed of
conductors movable into and out of proximity
with each other, whereby a spark may be
maintained between them and the circuit
closed thereby during determined intervals,
as set forth.

2. The combination with a source of alter-
nating current, of a condenser adapted to be
charged thereby, a circuit into which the con-
denser discharges in a series of rapid im-
pulses, and a circuit-controller for etfecting
the charging and discharge of said condenser,
composed of conduetors movableinto andout
of proximity with each other in synchronism
with the alternations of the source,as set forth.

3. A circuit-controller for systems of the
kind described, comprising in combination a
pair of angularly-adjustable terminals and
two or more rotating conductors mounted to
pass in proximity to the said terminals, as
set forth.

4. A circuit-controller for systems of the
kind described, comprising in combination
two sets of conductors, one capable of rota-
tion and the other of angular adjustment
whereby they may be brought into and out of
proximity to each other,at determinate points,
and one or both beingsubdivided so as to pre-
sent a group of condueting-points,assetforth.

NIKOLA TESLA.
‘Witnesses:
M. LAWSON DYER,
Drury W. COOPER.
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 UNITED STATES

NIKOLA TESLA, OF

APPARATUS FOR PRODUCING ELECTR

PatenT OFFICE.

NEW YORK, N. Y.

IC CURRENTS OF HIGH FREQUENCY.

SPECIFICATION forming part of Letters Patent Mo. 577,670, dated February 23, 1897.

Application filed September 3, 1896,

To all whom it may concern:

Be it known that I, NIKoLA TESLA, a citi-
zen of the United States, residing at New
York, in the county and State of New York,
have invented certain new and useful Im-
provementsin Apparatus for Producing Elec-
tric Currents of lfigh Frequency, of which
the following is a specification, reference be-
ing had to the drawings accompanying and
forming a part of the same.

The apparatus for converting electric cur-
rents of ordinary character into those of high
frequency, which I have heretofore shown
and described in applications for Lelters
Patent, has usually comprised a condenser
and a circuit-controller operated by a suit-
able motive device and acting to alternately
charge the condenser from a suitable source
of supply and discharge it through a civeuit
of such character as to render the discharge
one of very high frequency. For many
purposes it has been found advantageocus
to construct the ecircuit-controller with in-
sulating and condueting segments of equal
length, so that the eondenser is connected
with its discharge-circuit during one-half of
the time only. 1t follows from this that the
working eircuit, or that in which the high-
frequency currents are developed in form for
practical application, receives such currents
during only one-half the time.

For certain purposes it is desirable for
economical operation that there should beno
cessation of the flow of such currents, and my
present improvements have been devised with
the object of increasing the output of a given
apparatus by providing means by which,
without material additions to or complication
of such apparatus, high-frequency currents
may be produced thereby continuously or
without periods of rest.

Broadly stated, the improvement consists
in the combination of two condensers with a
circuit-controller of such character and so
operated by a single motive device as to
charge and discharge said condensers alter-
nately, whereby one will be discharging while
the other is being charged, and conversely.

In the drawings herefo annexed, Figure 1
is a diagrammatic illustration of the arrange-
ment and circuit connections of the inven-
tion. Tig. 2 is a sectional view of a part of

Serial No, 604,723, (Mo model) ,

2Q

the commutator employed; and Fig. 8 is a
diagram similar to that of Iig. 1, illustrative
of a modified embodiment of the invention.

Let A B designate the two conductors of
any circuit from which the energy is derived
that is to be converted into a current of high
frequency.

C is a cireuit eontroller or commutator, a
portion only for convenience being shown in
the figures. It is designed to be rotated by
any suitable motive device, of which, how-
ever, the shaft D only is shown, and its plan
of construction is as follows:

The letters ¢ ¢' designate two metal heads
or castings with projecting portions d ',
which, when the two heads are brought to-
gether and secured to a hub or shaft, inter-
mesh, as shown in the drawings.

The spaces between two adjacent projec-
tions or bars d d’'are equalin are to the width
of oneof said barsand arefilled in with blocks
e, preferably of metal,insulated from the other
conducting portions of the device. By the
interposition of mica or other suitable insu-
lating material the two heads or castings ¢ ¢
areinsulated from each other. TUpon the pe-
riphery of this commutator bear three brushes
& G’ H, the two former resting upon the con-
tinuouns metallic portions of the two heads, re-
spectively, the latter being in position to bear
upon the projections d d' and blocks ¢ alter-
nately.

In order that the brushes may be capable
of carrying any cutrent which the operation
of the apparatus may demand, they are made
of large cross-section, the brush I being ap-
proximately equal in width to one of the pro-
jections or segments d d', or to the space be-
tween adjacent segments, so that in passing
from one it comes into contact with the next.

The brush I is connected to the main I3
through a primary coil I of low self-induec-
tion in inductive relation to a secondary L,
which constitutes the ultimate source of the
current of high frequency whieh the appara-
tus is designed to develop and which feeds a
circuit containing vacuum-tubes M, single
terminal lamps M', or other suitable devices.
The brushes G G’ are connected with the main
B through condensers N N', respectively, and
to the main A through self-induction or chok-
ing coils O O, these latter being used in order
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that the inductive discharge of the accumu-
lated energy therein may be taken advantage
of in charging the condensers.

The operation of the apparatus thus de-
scribed is as follows: By the rotation of the
commutator C the brush I is caused to pass
over the projections d, closing the eircuits
through the primary I{ and the two condens-
crs alternately. These two circuitsare soad-
justed as to have the sawme capacity, self-in-
duetion, and resistance. When said brush is
in electrical connection with any projection
' from the part ¢/, the cirenit is closed be-
tween mains A and B through coil O', brush
G’, brush I, and coil K. Energy is there-
fore accumulated in the coil O'. At the same
time the condenser N’ is short - circuited
through the brush G/, brush II, and cecil K,
and discharges through this circuit the en-
ergy stored in it, the discharge being in the
form of a series of impulses which induce
in the secondary L corresponding impulses
of high potential. When brush H breaks the
circuit through coil 0’, the high-potential dis-
charge or “kick ” from the latter rushes into
and recharges the condenser N', but as soon
as the brush I has passed over the interven-
ing block e and reached the next segment d
it closes the cireuit through coil O and short-
circuits the condenser N, so that high-fre-
quency currents from either one or the other
of the two condensers are flowing through the
primary K practically without interruption.
Thus without increasing the size or power of
the motive device or complicating in any ma-
terial degree the commutator these devices are
made to perform double duty and the output
of the apparatus as a whole greatly increased.
In Fig. 3 T have illustrated a modified form of
commutator for this apparatus, which com-
prises a disk E, of metal, but insulated from
its shaft. The periphery of this disk is di-
videdintoconducting and insulated segments
by the insertion therein of insulated metal
blocks /. The circumferential width of these
blocks is three times that of the conducting-
segments f'. A brush F bears upon a con-
tinuous metallic portion of the disk or upon a
continuous ring in electrical connection with
the segments J and is connected with one ter-

577,670

minal of the primary . Brushes I’ I’ bear
upon the periphery of the disk K and are con-
nected to the main B through the two con-
densers, respectively. These brushesarc ca-
pableof angularadjustment, so that they may
be set to bear upon the disk at any two de-
sired points.

From the explanation of the operation al-
ready given it is evident that when the two
brushes I’ I’ are set so that one leaves a seg-
ment £ at the instant that the other comes
in contact with a segment /' the effect in
charging and discharging the condensers is
the same as in the previous instance. The
capability of wvarying the relations of the
brushes, however, which this form possesses
has the advantage of permitting not only an
alternate charging and discharge of the con-
densers, but their simultaneous charging and
discharge in multiple are, wheveby the {re-
quency of the current of discharge is reduced.

It is also evident that all phase differences
in the charging and discharging of the con-
densers may in like manner be secured and
the frequency varied within wide limits. Of
course the same motor and ecircuit-controller
might be made tc charge more than two con-
densers in succession and to discharge them
in the same order.

What I claim is—

1. The combination with a source of elec-
tric energy, of a plurality of condensers and
a discharge-circuit therefor, a motive device
and a cirecuit-controller operated thereby and
adapted to direct the energy of the source
into the condensers and connect them with
the discharge-circuit sucecessively and in al-
ternation, as set forth.

2. The combination with a souree of clec-
tric energy, of amotive device, two condens-
ers, a cirecuit-controller adapted to direct the
energy of the source alternately into the said
condensers, and a discharge-circuit through
which, by the operation of said cireuit-con-
troller one condenser discharges while the
other is being charged, as set forth.

NIKOLA TESLA.

Witnesses:

M. LAWSON DYER,
Drury W. COOPER.
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PATENT OFFICE.

NIKOLA »TIICSL.\, OF NEW YORK, N Y.

APPARATUS FOR PRODUCING CURRENTS OF HIGH FREQUENCY..
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Tor ctdd it P ooy concerns S
Beitknown that I, N1koLA TESLA, a citi-
zenof the United Stafes,residingat New York,
in the county atd Stafe of New York; have in-
vented cortain new and usceful Improvements

- in Apparatus for Producing Currentsof 1igh

Fréqueney; of which the following is specifi-
eation, reference being had 'to the drawings
accompanying and forming & part of “the
same. S e SR

The invention upon which my present ap--
plication is based is an improvement in appa--

ratus for the conversion of electrical currents
of ordinary character—such; for instance, as

are obtlainable from the maing of municipal
clectrie light and power systems and eithier’

continuous or alternating—into‘enrrents

of
very high frequeney and poténtial,- - 70

The improvement is applicable generally to:

apparatus of the kind herctofore invented by
me andmore particutarly deseribed in United
States Letters Patent granted to me on Sep-
tember 22, Ts8i, No. 563,176; but in the de-
ceription of the invention which follows the
illustration isconfined to a form of apparatus
designed for couverting a continuous or di-
reet current into one of high frequeney. In
the several forms of apparatus for this pur-
pose which T have devised and heretofore de-
<evibed | have employed a civeuit of high self-
induction ¢onneeted. with the mains from a
suitahle source of eurrent and’ containing
some form ol ¢ireuit-controller for periodies
ally interrupting it. -Around the break or
point of interruption I have arrangéd a con-
denser, into which the cireunit discharges when
interrupted, and this condenser is in turn

made to discharge through a cireunit contain-

ing the primary of a transformer, andof such
character that the condenser-discharge will
be in the form of an extremely rapid sucees-
sion of impulses. .

Now in order to secure in an apparatus of
{his kind as high frequency as possible and
the advantages resulting therefvom I subdi-
vide the eondenscr necessary for storing the
energy required into integral parts ov provide
independent condensers, and employ nmeans
For elavging said condensers in multipleand

; diselirging them in series through the pri-

mary of the transformer. To secute this re-
~uli withoui andualy complieating the appa-

ratus is a matter of-very considerable diffi-
culty, bat I'have accomplished it by means
“of the apparatus which' I shall now proceed
to deseribe by 'réference to tlic drawings. -

of the circuit'connections: ;

= Referring to Fig:1, X is a box or casc con-
taining the condensers, of ‘which the termi-
mals arve « @b b, respéctively. Ou this case
is mounted a'small eclectromagnetic motor 13,
‘by the'shaft of ‘which is operated the circuit-
controller . . Upon thesajd controller bear

tus wlich T employ; and Fig. 2'is a diagram

‘the motor: Above these is the transformer,
composed, essentially, of a primary G and a
‘sceondary 117 These devices are intended to
be inclosed in a suitable box or case, and may
be very greatly modified-in construction and
relativearrangement. Thecircait-controller,
Lowever, should -conform in geeral prinei-

Seribed in so far as may be necessary to se-
_cure the operation pointed.-out.
Referring now to Fig. 2, L L designate the

tween whieh a cireunit is formed, including
the self-induction coils I I and the eircuit-
controller C. A switch d may be employed
to bring either or both of the coils I' IV into
this circuit, as may be desired.

The circuit-controller is-built up-of insu-
lated platesor segments, upon which the posi-
tive and negative brushes bear, aundd "these

sets or classes, first, the plates a for what
may be considered as the positive brushes
D D"in one row, electrically connected to-
gether, and the corresponding plates n for
what may similarly be considered as the neg-
ative hrushes E E' in the other row; second,
the plates o, whichliein both rows, and hence
are conveniently made in single pieces ex-
tending across the controller, and, third, the
idle or spacing plates p, which are interposed
in cach row between the other twosets. The
angle between adjaeent plates of the same
: xetis equal to the angle of displacement be-
tween adjacent brushes of the same sign, and

i
' i obviously there may be two or more of each.

The Lrush D of one set is connected with one

ple of coustruetion to that hercinafter de-

mains from a suitable source of supply, be-

plates may be considered as belongingtothree.

Figare 1 is a side elevation of the appara- -

6o
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main through the coils F, and each one of the
brushes of the same set is connected to one

" of the terminalsof the condensers M'N, re-

. primary -or strands of a-primmary G.:
diagram, Fig. 2, Ihave shown but two brushes |

.r.s

20

30

40

5o

spectively. Similarly the bpush Eof the other
set of .brushes is connected to:the opposite
main and each of the brushes. of said set to
the opposite condenser terminals through the
In the

in each set and two’ condensers, -but. more
than this number may be used, the same plan
of connectionsshown
low ed out:

In the: posmou ot‘ the pmts shown m 1‘1'
2,:n whl(,h two posm\'

on.plates i m and.u 7.
cuit through the cotls. 1* Irg
densers in mulllple,- and,
ergy has Deen-stoied:ip:
denscrs will thus be c]mwr
movement of the contr: ollc
the latter areé'shifted ac:osslhe 1d1e oris

id -coils, the’ “con

-ing plates ponto the long or cross- coxxlxocied.

plates o {wo results fnllo“ ;. The mains are
short-circuited through the coils F F,
therefore store energy; w hile the condonsel.s
are connected in series through the primary
coil or eoils G, These. a\ctious are repeated

by the further movemenst. of the controller, |

the condensers being charged in parallel w hen
the hrushes are on pldtos m n and discharged

‘in series when the hfushes passonto p],m\s 0.
. The: motor may be run by an independent

35

source or by current derived from the. mains,
and the apparatus. may be employed to sup-
ply current for any suitable deviees ST, con-
nected with the secondary coil 11

As stated above, the specifie construction
of the cireuit-controller may be very greatly
varied without departure from the invention.
In the drawings the plates arc assumed to be

associated in {he form of a eylinder which !

revolves with respect to brushes bearing on
its periphery; but it will be understood that
this is merely a typical illustration of any
form of terminals. or contacts and conduc-
tors, whether rotary or reciprocating, which
constitute a ¢ireuits conlroller eapable nf ef-
feum(r the same result,

‘and descn ibed bem" fu-~~,

e and two negatne.;
brushes are shown, the brushes are bearing |
ansequentl) the éir :
is through the con-.
assuming th.it Cll-

X {bet bear;:
5. [-which ﬂle

Avhich:

BEST AVAILABLE COP".

o .S 683,958

The advantages resulting fiom the subdi-
vision of the condenser or the employment of
a plurality of condensers are mainly that a
high 1x'equencv is obtainable in apparatus of
any size; that the current of discharge through
the: s]xdm" contaets. is greatly 1'nduced .md
injury to such contacls 1huebv avoided and
-a.great . s
fecled

~What T cl.um is—

“1:-In an-apparatus of the kind dcscnbed
ﬂle comhination.with a set of contacts, one
of .which is adapted for connection with oue
~of the mains from. a source of current, and
“each of which is eonnected to one of the ter-
‘minals of . series of. condensers, and. a see-
ond set of. confaets similarly connected to the
opposite main and condenser terminals, re-
“spectively,.of dec-tucally conneeted p](ll(_‘\ or
cgments upon-which the contactsof the first
similarly-connected plates upon
contacts of the second set bear,
and, 13 )l.dcd plates comnron te the two sels
‘of contacts, the said plates being arranged in
-the.manner deseribed, wherely the condens-
ers:will. be - tll(rn.ll(]\ charged in maltiple
dlld discharged in series, as \el forth.

- In an apparatus of the kind.described,
the unnbmmlon withasetof positive by u\hu
one:of which is adapted for connection \\‘ilh

-one of the mains from a source of .current,
and cach of whieh is connected to one of the
terminals of aseries of condensers, and nega-

tive brushes similarly connected to the oppo-
sitec main_ and condenser terminals, respec-
tively, of a eylinder composed of electrically-
connecteqd segments-upon which the positive
brushes onl) bear, similarly-connected seg-
ments upon which lhe negative brushesonly
bear, and isolated plates upon which both
sets of Drushes simultancously bear, the said
plates being arranged in the maunner de-
sceribed, wheréeby the condensers will be alter-
nately charged in multiple and discharged in
series, as sct forth. .
Tt NIKOLA TESLAL
Witnesses:
M. Lawsox. Dyer;
DrUery W. Coorsr,

\'m'f in \\ne in the sucond(n\ el
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UNITED STATES

PATENT OFFICE.

NIKOLA TESLA, OF NEW YORK, N.Y.

ELECTRICAL-CIRCUIT CONTROLLER.

SPECIFICATION forming part of Letters Patent No, 609,245, dated August 16, 1898,
Application filed December‘z, 1897, Serial No, 660,518, (Nomodel) .

To all whom it may concern:

Be it known that I, NTROLA TESLA, resid-
ing at New York, in the county and State of
New York, have invented certain new and

quseful Improvements in Electrical - Circuit

Controllers, of which the following is a speci-
fication, reference being had to the drawings
accompanying and forming apart of the same.

In every form of electrical apparatus in-
volving a means for making and breaking,
more or less abruptly, a cireuit a waste of en-
ergy occurs during the periods of make or
break, or both, due to the passage of the cur-
rent through an arc formed between the re-
ceding or approaching terminals or contacts,
or, more generally, through a path of high re-
sistance. Thetendency of the current to per-
sist after the actual disjunction or to precede
the conjunction of the terminals exists in
varying degrees in different forms of appa-

ratus, according to the special conditions-

present. Ior example, in the case of an or-
dinary induetion-coil the tendency to the
formation of an arc at the break is, as a rule,
the greater, while in certain forms of appa-
ratus I haveinvented in which the discharge
of a condenser is utilized this tendency is
greatest at the instant immediately preced-
ing the conjunction of the contacts of the cir-
cuit-controller which effects the discharge of
the eondenser. ) :

+Theloss of energy occasioned by the causes
mentioned may be very considerable and is
generally such as to greatly restrict the use of

the circuit-controller and render impossible a_

practical and economical conversion of con-
siderable amountsof electrical energy by its
means, particularly in cases in which a high
frequency of the makes and breaks is re-
quired,

Extended experiment and investigation
conducted with the aim of. discovering a
means for avoiding the loss incident to the
use of ordinary forms of circuit-controllers
have led me to recognize certainlaws govern-
ing the waste of energy and making it de-
pendent chiefly on the velocity with which
the terminals approach and.recede from one
another and also more or less on the form of
the current-wave. Briefly stated; from both

.theoretical considerations and practical ex-

periment it appears that the loss of energy

in any device for making and breaking a cir-
cuit, other conditions being the same, is in-
versely proportionalrather to the square than
to the first power of the speed or relative ve-
locity of the terminals in approaching and re-
ceding from one another in an instance in
which the current-curve is not so steep as to
materially ‘depart from one which may be
represented by a sine function of the time;

6o

but such a case seldom obtains in practice. -

On the contrary, the current-curve resulting
from a make and break is generally very
steep and particularly so when, as in my sys-
tem, the circuit-controller effects the charg-
ing and dischargingof a condenser, and con-
sequently the loss of energy is still more

rapidly reduced by increased velocity of ap-.

proach and separation. The demonstration
of these facts and the recogunition of the im-
possibility of attaining the desired results by
using ordinary forms of circuit-controllers
led me toinventnew and essentially different
means for making and breaking a eirenit in
which I have utilized a conducting fluid, such
as mercury, as the material for one or both of
the terminals and devised novel means for
effecting a rapidly-intermittent contact be-
tween the fluid and a conductor or series of
conductors forming the other terminal.
With a view, however, to securing a more
practical and efficient cireuit - controller in
which not only the relative speed of the ter-
minals but also the frequency of the makes
and breaks should be very high I devised the
the form of instrument described in an appli-
cation filed by me June 3, 1897, Serial No.
639,227, in which a receptacle is rotated to
impart a rapid movement to a body of c¢on-
dueting fluid contained therein, which is
brought in rapidly-intermittent contact with
a conductor having peripheral projections
extending into the fluid, the movement of the
latter being conveniently utilized to rotate
the conductor. Such a device, though meet-
ing fully many requirements in practice, is
nevertheless subject to certain limitations in
the matter of attaining a high relative speed
of approach and separation of the terminals,
since the path of movement of the conduct-
ing projections is not directly away from and
toward the fluid, but more or less tangential
to the surface of the latter, the velocity of
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approach and separation being of course the
smaller the greater the diameter of the ro-
tated conductor or terminal.

With the object of securing a greater rela-
tivespeed of theterminalsandaconsequently
more efficient form- of cireuit - controller of
this type I devised the modified form of ap-
paratus which constitutes the subject of my
present application.

In this apparatus one of the members or
terminalsisa conducting fluid which is caused
to issue from an orifice against a series of
spaced conductors in rapid succession. TFor
this purpose the series of conductors, or it

may be a single conductor, is moved trans-

versely through the stream or jet of fluid, or
the jet is moved so as to impinge upon the
conductors, or both jet and conductors are
This is preferably accomplished by
mounting the conductors and the tube or duct
from which the fluid issues concentrically and

revolving one or both.

The chief feature of novelty which distin-
guishes the apparatus and in which my im-
provement resides is the plan adopted for
maintaining the stream or jet of conduect-
ing fluid. This consists in utilizing the same
power that actuates or drives the circuit-con-
troller in effecting the necessary relative
movement of its terminals to maintain the
proper eirculation of the conducting fluid
by combining the two mechanisms (the con-
troller and the means for maintaining a cir-
culation of the conducting fluid) in one. This
feature is of great practical advantage and
may be effected in many ways. A typicalar-
rangement for this purpose is to provide a
tube or duet having an orifice at one end di-
rected toward the spaced conductors and its
other end in a position to take up a portion
of the rapidly - rotating body of conducting
fluid,divertit throughthe duct, and discharge
it against the conductors. With this object
when a closed receptacle is nused a holder for
the tube is employed, mounted within the re-
ceptacle and concentrically therewith, and
this holder, when the receptacle is revolved,
is held or influenced by any suitable means,
as by magnetic attraction exerted from the
outside or otherwise, in such manner as to
keep it either in a fixed position or impress
upon it a velocity different from that of the

“rotated fluid.

Such other improvements in details as I
have devised and applied to the construction
and operation of my improved cireuit-con-
troller will be more fully hereinafter de-
seribed ; but from the above generalstatement
of the nature of the device it will be observed
that by means of the same the velocity of
relative movement of the two parfs or ele-
ments may be enormously increased and the
duration of the arcor discharge between them
at the periods of make and break thereby
greatly reduced without material increase in
the power required to effect it and without

609,245

impairing the quality of contact or deterio-
rating the terminals.

In the drawings herefo annexed, Figure 1
is a diagram illustrating the system for which
the improvement was more especially de-
signed. Tig. 2 is a top plan view of the cir-
cuit-controller. Fig. 3 is a view showing the
induction-coil of FFig. 1 with its condenser-
case in side elevation and the circuit-con-
troller in vertical central section.

The general scheme of the system for use
with which my improved circuit-controller is
more especially designed will be understood
by a brief reference to Fig. 1. Insaid figure,
A A represent the terminals of a source of
current. A’ is a self-induction or choking
coil included in one branch of the circuit and
permanently connected to one side of a con-
denser A”. The opposite terminal of this
condenser is connected to the other terminal
of the source through the primary B of a
transformer, the secondary B’ of which sup-
plies the working circuit containing any suit-
able translating devices, as B".

The circuit-controller €, which is repre-
sented conventionally, operates to make and
break a bridge from one terminal of the
source to a point between the choking-coil
A’ and the condenser A", from which it will
result that when the ecircuit is completed
through the controller the choking-coil A’ is
short-circuited and stores energy which is dis-
charged into the condenser when the con-
troller-circuit is broken, to be in turn dis-
charged from the condenser through the pri-
mary B when these two are short-circuited
by the subsequent completion of the con-
troller-circuit.

I refer now to Figs. 2 and 3 for an illus-
tration of the more important and typical
features of my improved circuit-controller.
The parts marked a compose a closed recep-
tacle of cylindrical form having a dome or
oxtension of smaller diameter. The recepta-
cle is secured to the end of a spindle ¢, which
is mounted vertically in bearings of any char-
acter suitable for the purpose. As it is in-
tended to impart a rapid rotation to the re-
ceptacle a, I have shown a convenient de-
vice for this purpose comprising a field-mag-
net d, secured to the base or frame ¢, and an
annular armature f, secured to the recepta-
cle a. The coils of the armature are con-
nected with the plates g of a commutator se-
cured to the receptacle a and made in cylin-
drical form, so as to surround the socket in
which the spindle ¢ is stepped. A ‘body of
magnetic lf?ierial- h, which serves as an ar-
mature, is mounted on antifriction-bearings
on an extension of the spindle ¢, so that the
receptacle and the body i may have freely
independent movements of rotation. Sur-
rounding the dome b, in.which the armature
h is contained, is a core with pole-pieces o,
which are magnetized by coils p, wound on
the core.
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supported by arms r, Fig. 2, 1ndependently
of the receptacle, so that when the recepta-
cle is rotated and the core energized the at-
tractive force exerted by the poles o upon the
armature i within the receptacle ¢ holdsthe
said armature against rotation. To prevent
loss from currents set up in the shell of the
dome b, the latter should be made of German
silver or other similar precaution taken. An
arm ¢ is secured to the armature h within the
receptacle a and carries at its end. a short
tube k&, bent, as shown in Fig. 2, so that one
open end is tangential to the receptacle-wall
and the other directed toward the center of
the same. Secured to the top plate of there-
ceptacle a are aseries of conducting-plates .
The part of the top plate s from which said
conducting-plates [ depend is insulated from
the receptacle proper by insulating packing-
rings ¢, but is electrically connected with the
dome b, and in order to maintain electrical
connection from an extermal circuit to the
conductors [ a mercury-cup w is set in the
top of the dome, into whieh cup extends a sta-
tionary terminal plug n. A small quantity
of a conducting fluid, such as mercury, is put
into the receptacle @, and when the latter is
rotated the mercury by centrifugal action
is forced out toward its periphery and rises
up along its inner wall. Whenitreaches the
level of the open-mouthed tube %, a portion is
taken up by the latter, which is stationary,
and forced byits momentum through the tube
and discharged against the conductors.? as
the latter pass in rapid succession by the ori-
fice of said tube.. In this way the circuit be-
tween the receptacle and the conductors ! is
completed during the periods in which the
stream or jet of mercury impinges upon any
of the conductors / and broken whenever the
stream is discharged through the spaces be-
tween the conduectors.

From the nature of the construction and
mode of operation of the above-described ap-
paratusitis evident that the relative speed of
separation and approach of the two elements

‘or terminals (the jet and the conductors?) may

be extremely high, while such increased speed
affects in no materlal respect the quality of
contact. -

A circuit-controller of the kind deseribed
is applicable and useful in many other sys-
tems and apparatus than that particularly
described herein, and may be greatly modi-
fled in construction without departure. from
the invention.

I am aware that a jet orstream of conduct-
ing fluid has heretofore been employed as a
means for completing an electrie circuit, and
I do not claim, broadly, the employment of a
conducting fluidin such form as a contact or
terminal; but so far as I am aware both the
purpose for whieh I employ such form of con-
tact or terminal and the manner in which I
apply it are wholly of my invention, neither
having been heretofore proposed

What I claim is—

1. The combination with a receptacie of a
conductor. or series of spaced conductors, a
nozzle or tube for directing a jet or stream of
fluid against the same, the nozzle and conduec-
tor being capable of movement relatively to
each other, and means for maintaining a cir-
culation of conducting fluid, contained in the
receptacle, through the said nozzle, and de-

pendent for operation upon such relative

movement, as set forth,
2. The combination with a closed recepta-~

cle of a conductor orseries of spaced conduc-

tors, a nozzle or tube for directing a jet or
stream of fluid against the same, and means
for foreing a conducting fluid contained in
the receptacle through the said nozzle, these
parts being associated within the receptacle
and adapted to be operated by the application
of a single actuating power, as set forth.

3. The combination with a receptacle con-
taining a series of spaced conductors, a duct
w1thm the receptacle having one of 1135 ends
directed toward the said conductoxs means
for maintaining a rapid movement of rela-
tive rotation between the said end and the
conductors and means for maintaining a cir-
culation of a conducting fluid contained in
the receptacle through the duct against the
conductors, the said conductors and jet con-
stituting respectively the terminals or ele-
ments of an electric-circuit controller.

4, The combination with a receptacle ca-
pable of rotation and containing a series of
spaced conductors, a duet within the recepta-
cle having an orifice directed toward the said
conductors, and an open end in position. to
take up a conducting fluid froma body of the
same contained in the receptacle, when the
latter is rotated, and direct it against the con-
ductors, the said conduectors and the fluid
constituting the terminals or elements of an
electrie-circuit controller.

5. The combination with a. receptacle for
containing a condueting fluid and a series of
spaced conductors thereon, of a duct having
an orifice directed toward the said conductors
and. forming a conduit through which the
fluid when the receptacle is rotated is forced
and thrown upon the conductors.

6. The combination with a receptacle ca-
pable of rotation, and a series of conductors
mounted therein, of a duct having an orifice
directed toward the conductors, a holder for
said duct- mounted on bearings within the re-
ceptacle which permit of a free relative rota-
tion of said receptacle and holder, and means
for opposing the rotation of the said holder
in the direction of the movement of the fluid
while the receptacle is rotated, whereby the
conduecting fluid within the receptacle will be
caused to flow through .the duct against the
conductors.

7. The combination with a receptacle and
a motor for rotating the same, of a magnetic
body mounted in the receptacle, a magnet ex-
terior to the receptacle for maintaining the
body stationary while the receptacle rotates,
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a series of conductors in the receptacle and
a duet carried by the said magnetic body and
adapted to take up at one end a conducting
fluid in the receptacle when the latter rotates
and to direct such fluid from its opposite end
against the series of conductors. B

8. The combination with a receptacle for
containing a conducting fluid, a series of
spaced conductors within the same, and a
motor, the armature of which is connected
with the receptacle so as to impart rotation
thereto, a magnetic body capable of turning

freely within the receptacle about an axis
concentric with that of the latter, a duct car-
ried by the said body having one end in po-
sition to take up the conducting fluid and the
other in position to discharge it against the
spaced conductors, and a magnet exterior to
the receptacle for holding the magnetic body
stationary when the receptacle is rotated.
NIKOLA TESLA.
Witnesses:
M. LawsoN DYER,
G. W. MARTLING.
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To all whom it may concern:

IO

Be it known that I, N1xorA 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 Eleetric-Cireuit
Controllers, of which the following is a speeci-.
fication, reference being had to the drawing.
accompanying and forming a part of the same.

The invention which forms the subject of
my present application is an improvementin
a novel class of circuit-controlling appliances’
heretofore invented by me and more espe-

. clally designed to be used with my.now well-
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known apparatus for the production of elec-
tric currents of high' frequency by means of

-condenser-discharges, but applicable gener-

ally as a means for making and breaking an
electric circuit. o )

In the circuit-controllers of .the particular
class or type to which my present improve-
ment pertains I have utilized a conducting

liquid as one of the terminals and have em-

ployed as the other terminal a solid conductor

and provided various means for bringing the

two into rapidly-intermittent contact:

The distinguishing feature of my present’
improvement lies chiefly in the use of a con- .
ducting liquid for both the terminals under
conditions which permit of a rapidly-inter-:
mittent contact between them, as will be -

herein set forth, .

The accompanying drawing illustrates an
apparatus embodying the principle of my said
improvement,.

The figure is a central vertical section of
the circuit-controller,

In the drawing is shown a receptacle com-
posed of two cylindrical metallic portions A
A’y secured together by bolts B and nuts C,
but insulated from each other, The recep-
tacle is journaled, by means of trunnions
formed on or secured toits ends, in standards
D D, and any suitable means is employed to
impart rotation to it.

effected by constructing or organizing the re-
ceptacle in such manner that it may serve as
the rotating element of an -electromagnetic
motor in conjunction with a surrounding
stationary element E E. The abutting ends
of the two parts of the receptacle are formed

‘cle into two comparfments G G,
these compartments, as G, extends a spindle
‘H, having its bearing in the end of the part

toward the opposite compartment.

This is conveniently:

with inwardly-extending flanges F, which di-
vide the peripheral portions of the recepta-
' Into one of

A and the trunnion gecured to or extending

therefrom.. -Into the other compartment G’

extends a spindle H', similarly journaled in
the end of part A’ and its trunnion. Each
spindle carries or is formed with a weighted
arm K, which, remaining in a vertical posi-
tion, holds its spindle stationary when the
receptacle-is revolved.

To the weighted arm of spindle H ig secured
a standard L, carrying a tube L', with one
open end in close proximity to the inner pe-
ripheral wall of the compartment G-and the
other directed toward the axis, but inclined
To the
weighted ‘armof spindle H'id similarly se-
cured astandard M, which is hollow and con-
stitutes a portion of a duct or passage which

-extends through a part of the spindle and

opens through a mnozzle M" into a circular
chamber N in the wall of the part A’. From

| this chamber run passages N’ to nozzles O, in
position to discharge jets or streams of liquid

in such directions as to intersect, when the
nozzles are rotated, a stream issuing from the

‘end of tube L.

In each portion or compartment of the re-
ceptacle is placed a' quantity of a condueting

liquid, such as mercury, and the ends of the
tubes L' and M are provided with openings
-‘which take up the mercury when on the ro-

tation of the receptacle if is carried by cen-
trifugal force against the peripheral wall.
The mercury when taken up by the tube L'
issues in a stream or jet from the inner end

-of said tube and is projected into the com-

partment G'. The mercury taken up by the
tube M runs info the circular chamber N,
from which it is forced through the passages
N’ to the nozzles O, from which it issues in
jets or stréams directed into the compart-
ment G. Asthe nozzles O revolve with the
receptacle the streams whichissue from them
will therefore be carried acrossthe path of
the stream which issues from the tube L’ and
which is stationary, and the circuit between
the two compartments will be completed by
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the streams whenever they intersect and in-
terrupted at all other times. ‘

The continuity of the jets or streams is not
preserved. ordinarily to any great distance
beyond the orifices from which they issue,
and hence they do not serve as conductors to
electrically connect the two sides of the re-
ceptacle beyond their point of intersection
with each other.

It will be understood that sofarasthe broad
feature of maintaining the terminal jets is
concerned widely-different means may be em-
ployed for the purpose and that the spindles
mounted in free bearings concentrically with
the axis of rotation of the receptacle and held
against rotation by the weighted arms consti-
tute butone specific way of accomplishing this
result. This particular plan, however, has
certain advantages and may be applied to ¢ir-
cuit-controllers of this class generally when-
everitis necessary tomaintain a stationary or
nearly stationary body within a rotating re-
ceptacle. It is further evident from the na-
ture of the case that it is not essential that
the jet or jetsin one compartment or portion

-of the instrument should be stationary and

theothers rotating, but only thatthereshould
be such relative movement between them as
to cause the two sets to come into rapidly-in-
termittent contact in the operation of the de-
vice.

The number of jets, whether stationary or
rotating, is purely arbitrary; but since the
conducting fluid is directed from one com-
partmentinto the other the aggregate amount
normally discharged from the compartments
should be approximately equal. However,
since there always exists a tendency to pro-
ject a greater quantity of the fluid from that
compartment which contains the greater into
that which contains the lesser amount no dif-
ficulty will be found in this respect in main-
taining the proper conditions for the satisfac-
tory operation of the instrument.

Apracticaladvantage,especially important
when a great number of breaks per unit of
time is desired, is secured by making the
number of jets in one compartment even and
in the other odd and placing each jet sym-
metrically with respeet to the center of rota-
tion. Preferably the difference between the
number of jetsshould beone. Bysuchmeans
the distances between the jets of each set are
made the greatest possible and hurtful short-
circuits are avoided.

For the sake of illustration let the number
of jets or nozzles L' in one compartment be
nine and the number of those marked O in
the other compartment ten. Then by one
revolution of the receptacle there will be
ninety makesand breaks. Toattain thesame
result with only one jet, as 1', it would be
necessary to employ ninety jets O in the other
compartment, and this would be objection-
able, not only because of the close proximity
of the jets, but also of the great quantity of
fluid required to maintain them.

In the use of the instrument as a circuit-
controller it is merely necessary to connect
the two insulated parts of the receptacle to
the two parts of the cirecuit, respectively, as
by causing brushes X Y, connected with cir-
cuit-wires, to bear at any suitable points on
the said two parts A A'.

In instruments of this character in which
both terminalsare formed by aliquid element
there is no wear or deterioration of the ter-
minals and the contact between them is more
perfect. The durability and efficiency of the
devices are thus very greatly increased.

Having now described my invention, what
I claim is—

1. A circuit-controller comprising in com-
bination means for producing streams or jets
of conducting liquid forming the terminals,
and means for bringing the jets or streams of
the respective terminals into intermittent
contact with each other, as set forth.

2. In a cireuit-controller, the combination
with two sets of orifices adapted to discharge
jets in different directions, means for main-
taining jets of conducting liquid through said
orifices, and means for moving said orifices
relatively to each other so that the jets from
those of one set will intermittently intersect
those from the other, as set forth.

3. The combination in a circuit-controller
of ducts and means for discharging therefrom
streams or jets of conducting fluid in elec-
trical contact with the two parts of the eircuit
respectively, the orifices of said ducts being
capable of movement relatively to each other,
whereby the streams discharged therefrom
will intersect at intervals during their rela-
tive movement, and make and break the elec-
trie circuit, as set forth.

4. In a circuit-controller the combination
with one or more stationary nozzles and means
for causing a conducting fluid forming one
terminal to issue therefrom, of one or more
rotating tubes or nozzles, means for causing
a conduecting liguid forming the other ter-
minal to issue therefrom, the said rotating
nozzles being movable through such a path as
to cause the liquid issuing therefrom to in-
tersect that from the stationary nozzles as set
forth.

5. The combination with a rotating recep-
tacle divided into two insnlated compart-
ments, a spindle in one compartment with its
axis concentric with that of the receptacle,
means for opposing the rotation of said spin-
dle, and a tube or duct carried by the spindle
and adapted to take up a conducting fluid at
one end from the inner periphery of the com-
partment when the receptacle is rotated and
direct it from the other end into the other
compartment, of a similar spindle in the other
compartment and means for opposing its ro-
tation, a tube carried by the spindle and hav-
ing an opening at one end near the inner pe-
riphery of the compartment and discharging

into a chamber from which lead one or more.

passages to nozzles fixed to the rotating re-

70

75

30

85

[83¢]

95

I00

105

110

115

120

125

130



10

609,246 8

ceptacle and adapted to discharge across the
path of the jet from the stationary nozzle, as
seb forth.

6. In a circuit-controller the ecombination
with a rotating receptacle of a body mounted
therein and formed or provided with a
weighted portion eccentric to-its axis which
opposes its rotation and a tube or duect car-
ried by said body and adapted to take up a
conducting fluid from the rotating receptacle
as sef forth.

7. In a circuit-controller the combination
of two sets of nozzles and means for project-

ing from the same, jets of conducting fluid
which constitute respectively the terminals
of the controller, means for moving the noz-
zles relatively to each other so that the jets
of the two sets are brought successively into
contact, the nozzles of each set being arranged
symmetrically about an axis of rotation,there
being one more nozzle in one set than in the

other.
NIKOLA. TESLA.
Witnesses:
M. LawsoN DYER,
G. W. MARTLING.
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To all whom it may concern.

Be it known that I, NIKOLA TESLA, of the

borough of Manhattan,in the city,county; and

State of New York, have invented certain new
and useful Improvements in Circuit-Control--

lers, of which the following is a specification R
reference being had to the drawin gs accompa-
nying and forming a part of the same.

Inan application filed by me on June 3,
1897, Serial No. 639,297, I have shown and de-
scribed a device for making and breaking an
electric circuit comprising a rotary receptacle
containing
mounted within but independently of the re-
ceptacle and caused by the rotation of the
Iatter to make and break electrical contact
with the fluid. -

The invention on which my present appli-
cation is based is an improvement in devices
of this particular class, and has primarily as
its object the production of a eircuit - con-
troller in which an independently-mounted
terminal operated in a similar manner by a
rotating body of conducting fluid may be in-
closed within a gas-tight receptacle.

The invention comprises features of con-
struction by which this object is practically
secured and certain improvements applicable
to this and other analogous devices, as will be
more fully hereinafter set forth.

In the accompanying drawings, Figure 1 is
vertical central section of the improved cir-
cuit-controller, and Fig. 2 a top plan view of
the same with the top or cover of the recep-
tacle removed. . ‘

The operative portions of the circuit-con-
trolling mechanism are contained in a closed
cylindrical receptacle A, of iron or steel,
mounted on a spindle B in a suitable socket
or support C to permit it to be freely and rap-
idly rotated. The socket C is secured to or
forms a part of a base or stand D.

As a means of producing the proper rota-
tion of the receptacle A, Thave shown a field-
magnet E, mounted on or secured to the bage
D, and anarmature F, supported bya bracket
G from the under side of the receptacle A.
The same bracket also carries a series of com-
mutator - segments I, upon ‘which bear
brushes I, these parts being arranged to con-
stitute an electromagnetic motor with sta-

tionary field and rotating armature. It may.

& conducting fluid and a terminal .

be stated that any other suitable means may
‘be employed to rotate the receptacle and the
fluid. o

In the spindle B and concentric with its
axis is a spindle J.in bearings specially con-
structed to redunce friction in order that the
spindle J may be as little as possible influ-
‘enced by the rotation of the main spindle and
Teceptacle carried thereby. - A suitable pro-
vision is made to oppose or prevent the rota-
tion of the spindle J during the rotation of
the receptacle. "I have devised for this pur-
pose the following:

The spindle B is held by its bearings at an
angle to the vertical,and a weight K is secured
eccentrically to the spindle J and tends to hold
the said spindle alwaysin one position. The
inclination of theaxesof rotation necessary for
this result may be substantially that shown
and should not be materially greater, for the
reason that it is especially advantageous to
preserve the spindles and bearings as nearly
as practicable vertical on account of lesser
iriction and easier lubrication.

Attached to the spindle J or weight K is an
insulated bracket I, carrying a standard or
socket M, in which is mounted on antifriction-
bearings a spindle N. Secured to this latter
is a plate with radial arms O, from which de-
pend vanes or:blades P, with projections Q

extending radially therefrom. A shield or

screen R incloses the vanes, except on the
side adjacent to the inner periphery of the
receptacle A.

A small quantity of a conducting fluid S is
placed in the receptacle, and in order to se-
cure a good electrical connection between the
vanes P and a terminal on the outside of the
receptaclea small mercury-cup T, in metallic
contact with the vanes throngh the bracket
L and socket M, is secured to the weight K.
A metal stud V, set in an insulated bolt W,
projects into the ecup T through a packed
openingin its cover. One terminal of the cir-
cuit-controlling mechanism will thus be any
part of the metal receptacle and the other
the insulated bolt W. The apparatus may be
connected up in circuit by connecting the
wires of the circuit to a brush X, bearing on
the bolt W, and to a binding-post Y in contact
with the base D.

To operate the apparatus, the receptacle is
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set in rotation, and as its speed increases the
mercury or other conducting fluid which it
contains is carried by centrifugal force up the
sides of the inner wall, over which it spreads
in a layer. When this layer rises sufficiently
to encounter the projections Q on the blades
or vanes P, the latter are set in rapid rotation,
and the electrical connection between the ter-
minal of the apparatus is thereby made and
broken, it may be, with very great rapidity.

The projections Q are preferably placed at
different heights on the vanes P, so as to se-
cure greater certainty of good contact with
the mercury film when in rapid rotation.

As to the forms of the circuit-controller
heretofore referred to and upon which my
present invention is an improvement the
blades or vanes P may be regarded in a broad
sense as typical of any device—such, for ex-
ample, as a stelliform disk—which will be set
and maintained in rotation by that of the re-
ceptacle. So, also, having regard to the fea-
ture of my invention which provides for
maintaining such a device in operation in a
receptacle which may be hermetically sealed,
80 as to be capable of containing an inert me-
dium under pressure in which the makes and
breaks occur and which medium is praeti-
cally essential to a long-continued and eco-
nomical operation of the device, I may em-
ploy other and widely-different means for op-
posing or preventing the rotation of the part
carrying such vanes in the direction of the
rotation of the receptacle and fluid.

Having now described my invention, what
I claim is—

1. A circunit-controller comprising, in com-
bination, a closed receptacle containing a
fluid, means for rotating the receptacle, asup-
port mounted within the receptacle, means
for opposing or preventing its movement in
the direction of rotation of the receptacle,
and a conductor carried by said support and
adapted to make and break electric connec-
tion with the receptacle through the fluid, as
set forth.

2. A circuit-controller comprising, in coni-
bination, a terminal capable of rotation and
formed or provided with radiating contacts,
a closed receptacle containing a fluid which
constitutes the opposite terminal, means for
rotating the receptacle, a support therein for
the rotating termiral, and means for oppos-
ing or preventing the rotation of the support
in the direction of the rotation of the recep-
tacle, as set forth.

3. In a circuit-controller, the combination
with a receptacle capable of rotation about
an axis inclined to the vertical and contain-
ing a fluid which constitutes one terminal, a
second terminal mounted within the recep-
tacle, on a support capable of free rotation
relatively to the receptacle, and a weight ec-
centric to the axis of rotation of the support
for said terminal for opposing or preventing
its movement in the direction of the rotation
of the said receptacle, as set forth.

4, The combination with a receptacle
mounted to revolve about an axis inclined to
the vertical, of a spindle within the recep-
tacle and concentric with its axis, a weight
eccentric to the spindle, and a terminal car-
ried by the said spindle, and adapted to be
rotated by a body of conducting fluid con-
tainéd in the receptacle when the latter is
rotated, as set forth.

5. The combination with a receptacle
mounted to rotate about an axis inclined to
the vertical, a spindle within the receptacle
and concentric with its axis, a weighted arm
attached to said spindle, a bracket or arm
also secured to said spindle, a rotary terminal
with radiating contact arms or vanes mount-
ed on said bracket in position to be rotated
by a body of conducting fluid contained in
said receptacle when said fluid is displaced
by centrifugal action, as set forth.

NIKOLA TESLA.

Witnesses:
M. LAwsoN DYER,
G. W. MARTLING.
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PaTEnT OFFICE.

NIKOLA TESLA, OF NEW YORK, N. Y.
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~

SPECIFICATION forming part of Dietters Patent No. 609,248, dated August 16, 1898.

Application filled March 12,1898,

To all whom it may concern:

Be it known that T, NIKoLA TESLA, of the
borough oermhdttﬂ,n inthecity, eounty and
State of New Yor k, 1mve invented certain new
and useful Impr ovements in Circuit-Control-
lers, of which the following is a specification,
1efelenee being had to the dmwmfr accompa-
nying and formmoP a part of the same.

In previous apphcamons filed by me, nota-
bly in Serial No. 660,518, filed December 2,
1897, and others, I have shown and described
various forms of electric-circuit controllers
in which a eonducting fluid is used for one or
both of the terminals. These contrivances,
while applicable generally asa means of mal.
ing and breakmw an electric circuit with
great rapidity, were devised by me more espe-
cmlly forusein mynow well-known system of
electrical conversion by means of condenser-
discharges and for this reason have been de-
signed wmh especial reference to the peculiar
and exceptional conditions which obtain in
such systems. My present invention is an
improvement in circuit - controllers of this
kind, and in order that the object and nature
of the improvement may be more readily un-
derstood and appreciated I may refer briefly
to the more essential characteristics of the
devices described before upon which the
presentimprovementisbased. Asitwas pri-
marily essential that these controllers be ca-
pable of making and breaking the circuit at

a very rapid mte and as such a result could
not be secured practically or economically by
any of the ordinary devices employing 110"1(1
contacts or terminals I was led to invent-ap-
paratus in which the circuit connectionswere
established and broken between a rigid ter-
minal and a fluid eonductor or between two
fluid conductorsin the form of jets orstreams.
In the forms of apparatus employing a rigid
or solid conductor as one terminal and a ﬂmd
as the other the makes and breaks of course
occuralwaysbetween asolid and a fluid termi-
nal, and although the operative parts of my
improvedcir cmt controllers were usually con-
tained in air or gas tight receptacles and in
an inert medium, both for the purpose of im-
proving their actlon and preventing deterio-
ration of the terminals, there is stlll a lia-
bility to wear of the rigid or solid terminal.

Under certain eonditions, as when the cir-

Serial No, 673,659, (No model)

‘cuit-controller is operated from a source of

direet current, the deterioration of the solid
terminal may be materially reduced by con-
necting it to the negative pole of the gener-
ator. Nevertheless, there will be always a
slow wearing away of the metal, which to
overcome entirely in a novel manner is the
object of my present improvement. To do
this, I effect the closure of the eircuitthrough
two- parts of econducting fluid; but instead of
breaking thecircuit by the movementof these
two parts or terminals, as Defore, I separate
them periodically by the interposition of an
insulator which is preferably solid and re-
fractory. For example, I provide a plate or
disk with teeth or projections—preferably of
glass, lava, or the like—which are caused by
the rotation of the disk to pass through the
fluid eondusctor, jet, or whatever it may be,
and thus effect a make and break of the cir-
cuit. .

By meansofsuchadevice the breaks always
oceur between fluid terminals, and hence de-
terioration and consequent impairment of the
qualities of the apparatus are avoided.
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A preferred form of my improved circuit- ‘

controller is illustrated in the accompanying
drawing, which shows a ceutral vertical sec-
tion of the same.

The two terminals are contained in an air-
tight receptacle A, of iron or steel, which is
mounted on a spindle B in a suitable socket
orsupport C,s0 as torotate freely. Thesocket
Cissecured to or forms part of a base or stand
D.. Anysuitable means maybe employed for
effecting the rotation of the receptacle, and
in 11111stmt10n of aconvenient and practicable
means for this purpose I have shown an ar-
mature E, secured to a cylindrical extension
of the 1eceptacle that surrounds the socket
C, and a field-magnet F, which is supported
independently and is stationary. The arma-
ture-coils are connected with the segments S
of a commutator on which bear brushes G.

In the spindle Band coneentrie with ifs axis
is a spindle H, supported on ball-bearings or
otherwise arranged to have a free movement
of rotation relatively to.the spindle B, so as
to be as little as possible influenced by the
rotation of the latter.

Any convenient means is provided to op-
pose or prevent the rotation of the spindle H
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during the rotation of the receptacle. In the
particular arrangement here shown for this
purpose a weight or weighted arm J is secured
to the spindle II and eccentrically to the axis
of the latter, and as the bearing for the spin-
dle I3 holds the same at an angle to the ver-
tical this weight acts by gravity to hold the
spindle II stationary. ,

Secured to the top or cover of the recepta-
cle A by a stud K, which passes through an
insulating-bushing in said cover and is held
by a nut I, is a circular disk M, of conduct-
ing material, preferably iron or steel, having
its edge turned downwardly and then in-
wardly to provide a peripheral trough on the
under side of the disk.

To the under side of the disk M is secured
asecond disk N, having downwardly-inclined
peripheral projections O O, of insulating and
preferably refractory material, in a circle con-
centrie with the disk M.

A tabe or duct P is mounted on the spindle
I or the weight J and is so arranged that the
orificeatone endis directed ontwardly toward
the trough of the disk M, while the other lies
close to the inner peripheral wall of the re-
ceptacle, so that if a quantity of mercury or
other conducting fluid be placed in the recep-
tacle and the latter rotated the tube or duct
P, being held stationary, will take up the fluid
which is carried by centrifugal action up the
side of the receptacle and deliveritin astream
or jet against the trough or flange of the disk
M or against the inner surfaces of the projec-
tions O of disk N, as the case may be.

Obviously, since the two disks M and N ro-
tate with respect to the jet or stream of fluid
issuing from the duect P, the electrical con-
nection between the receptacle and the disk
M through the fluid will be completed by the
jet when the latter passes to the disk M be-
tween the projections O and will be inter-
rupted whenever the jet is intercepted by the
said projections.

The rapidity and the relative duration of
the makes and breaks is determined-by the
speed of rotation of the receptacle and the
number and width of the intercepting projec-
tions O.

By forming that portion of the disk M with
which the jet makes contact as a trough,
which will retain when in rotation a portion
of the fluid directed against it, a very useful
feature is secured. The fluid under the ac-
tion of centrifugal force accumulates in and
is distributed along the trough and forms a
layer over the surface upon which the jet im-
pinges. DBy this means a very perfect con-

tact is always secured and all deterioration
of the terminal surfaces avoided.

The principle of interrupting the cirecuit by
intermittently passing an insulator through
a fluid conductor may be carried out by many
specifically-different forms of apparatus, and

in this respeet I do not limit myself to the
particular form herein shown.

‘What I claim is—

1. In an electrical-circuit controller, the
combination with a eonductor forming one of
the terminals, of means for maintaining a jet
or stream of conducting fluid forming the
other terminal, and directing it against said
conductor, and a body adapted to be inter-
mittently moved through and to intercept the
jet or stream, as set forth.

2. In an electrical-circuit controller, the
combination with a rigid terminal, of means
for directing against such terminal a jet or
stream of conducting fluid in electrical con-
nection with the other terminal, and a body
adapted to be intermittently moved through
and tointercept the jet or stream, as set forth.

3. In an electrical-circuit controller, the
combination with a rigid terminal, of means
for directing against such terminal a jet or
streamn of conducting fluid in electrical con-
nection with the other terminal, a body hav-
ing a series of radial projections and means
for rotating the same so that the said projec-
tions will intermittently intercept the stream
or jet, as set forth.

4. In a circuit-controller, the combination
with a rotary conductor forming one termi-
nal, means for directing against such termi-
nal a jet or stream of conducting fuid in elec-
trical connection with the other terminal, and
a body with spaced projections mounted to
rotate in a path tbat infercepts the jet or
stream of fluid, as set forth.

5. In a circuit-controller, the combination
with a rotary conductor forming one termi-
nal, and means for directing intermittently
against such terminal a jet orstream of fluid
in electrical connection with the other termi-
nal, the part of said rotary conductor upon
which the jet or stream impinges being formed
80 as to retain, by centrifugal force, a portion
of the fluid directed against it, as set.forth.

6. The combination of the receptacle, the
conducting-disk secured within it, the insu-
lated disk with peripheral projections and
the stationary tube or duct for directing a
stream or jet of conducting fiuid toward the
conducting-disk and across the path of the
projections O, as set forth.

7. The combination of the receptacle, the
conducting-disk with a peripheral trough-
shaped flange, the insulated disk with periph-
eral projections O, and the stationary tube or
duct for directing a stream or jet of conduct-
ing fluid into the trough-shaped flange of the
conducting-disk and across the path of the
projections O, as set forth.

NIKOLA TESLA.
Witnesses:

M. LAWSON DYER,
G. W. MARTLING. .
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UNITED STATES
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NIKOLA TESLA, OF NEW YORK, N. Y.
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To all whom it may concern:

Be it known that I, NIKOLA TESLA, of the
borough of Manhattan in the city, ounty ,and
State of New York, have invented certain new
and useful Improvements in Electrical-Cir-
cuit Controllers, of which the following is a
specification, reference being had tothe draw-
ing accompanying and forming part of the
same. ‘

The present application is based upon im-
provements in electrical-circuit controllers of
the kind heretofore invented by me and de-
seribed in previous applications, notably in
an application filed December 2, 1897, Serial
No. 660,518. The chief distinguishing fea-
tures of these devices are the use of ‘a con-
ducting fluid for one or both of the terminals

under condltlons which permit of a very rapid

succession of makes and breaks and a con-
struction or arrangement which allows the
inclosing of the terminalsin an air-tight re-
ceptacle in which an inert medium may be
maintained. My efforts to meet the practi-
cal requirements of apparatus of this kind
have led me to adopt expedients and to in-
vent mechanisms entlrely novel in such de-
vices. For example,in order to effect a rap-
idly-intermittent contact between two termi-
nals by the use of a jet or jets in a closed re-
ceptacle it is obviously necessary to employ
special means wlich will operate tohold one
part of the apparatus stationary while the
other rotates or to rotate both the essential
parts or terminals in opposite directions or,
as the case may be, in the same direction at
different speeds.

The present invention is embodied in a de-
viee for securing the proper relative move-
ment of the two parts or terminals of the cir-
cuit-controller and involves two salient fea-
turesof novelty, one that it provides for main-
taining in a rotating receptaele a stationary
jetor ,]ets which byi 1mp1n<rmtr on arigid con-
ductor maintain the latter in xotat,lon there-
by securing therequisite rapidly mtermlttent
contact between the two, and the other that it
utilizes the rotation of such rigid conductor
as a means for opposing or preventmv the
movement of its own supports in the direc-
tion of rotation of the receptacle, thereby se-
curing, among other things,an approximately
constant 1elat1ve movement between the

(No model,)

parts, a feature which in devices of this kind
is often very desirable.

Inthe drawing hereto annexed I have illus-
trated the pr eferred form of apparatus which
Ihave devised forcarrying out these improve-
ments. The figure isa central vertical eross-
section of a circuit-controller,

A designates a receptacle, usually of iron
or steel and mounted in any suitable manner,
as by trunnions B B, having bearings in
standards C C, 8o as to be capable of rapid
rotation about a horizontal axis.

In the particular form of device under con-

‘sideration the receptacle is divided into two

parts insulated by a washer D and held -to-
gether by insulated bolts E with nuts F.
These two parts are electrically connected,
respectively, with the two terminals of the
apparatus, as hereinafter described, and by
means of brushes X Y, bearing at any suit-
able points.on the two parts of the receptacle,
the circuit-controller is connected with the

-wires of a circuit,

Any convenient means may be employed
tor otate the receptacle; but a simple way to
effect this is to surround the same with a
field-magnet. G 'and to make the receptacle

itself the armature of an electric motor or

else to secure to it armature-cores, as H.

A body I is supported by trunmons J,hav-
ing bearings in the ends of -the receptdcle
and concentnc with the axis of rotation of
the same. The weight of the body I being
eccentrie to this axis tends to oppose its turn-
ing about the axis when the receptacle is ro-
tated.

Upon the body or support I, but insulated
therefrom, is secured . a vertical standard K,
in which there is a freely-rotatahle spindle L,
carrying a disk M, with radial arms inclined
to the plane of the disk, so as to form vanes
N. Arms O Pare also secured to the body I
and are formed with or carry at their ends
ducts or tubes Q, with one end directed to-
ward and opening upon the vanes N and the
other end close to the inner wall of the re-
ceptacle and opening in the direction oppo-

site to that of the rotation of the receptacle..

" A suitable quantity of mercury R is placed
in the receptacle before the latteris sealed or
closed.

The operation of the device is as follows:
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The receptacle is started in rotation, and as
it acquires a high velocity the mercury or
other conducting fluid R is caused by centrif-
ugal action to distributeitself in a layer over
the innerperipheral surface of the receptacle.
As the tubes or ducts @ do not take part in
the rotation of the fluid, being held at the
start by the weighted body I, they take up
the mercury as soon as it is carried to the
points where the ducts open and discharge it
upon the vanes of the disk M. By this means
the disk is set in rapid rotation, establishing
the contact between the two sides of the re-
ceptacle which constitute the two terminals
of the circuit-controller whenever the two
streams or jets of fluid are simultaneously in
contact with the vanes, but breaking the con-
tact whenever the jets discharge through the
spaces between the vanes. The chief object
of employing more than one insulated jet is
to secure a higher velocity of approach and
separation, and in respeet to the number of
jets thus employed the device may be ob-
viously modified as desired without departure
from the invention. The disk M, having ac-
quired a very rapid rotation, operates to pre-
vent by gyrostatic action any tendency of the
body I to rotate or oscillate, as such move-
ment would change the plane of rotation of
the disk. The movement of the parts, there-
fore, and the operation of the device as a
whole are very steady and uniform, and a ma-
terial practical advantage is thereby secured.
The speed of the disk will be chiefly depend-
ent on the velocity of the streams and pitch

" of the blades, and it is of course necessaryin
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order to produce a constant speed of rotation
of the disk that the velocity of the streams
be constant. This is acecomplished by rotat-
ing the receptacle with a constantspeed; but
when this is impracticable and the uniformity
of motion of the disk very desirable I resort
to special means to secure this result, as by
providing overflowing-reservoirs V V, as in-
dicated by dotted lines, from which the fluid
issunes upon thevanes with constant velocity,
though the speed of the receptacle may vary
between wide limits.

It may be stated that the jets can be pro-
duced in any other known ways and that they
may be utilized in any desired manner to pro-
duce rotation of the disk.

Having now described my invention, what
I claim is—

1. The combination in a’circuit-controller
with a closed rotary receptacle, of a rigid con-
ductor mounted within the same and through
which the eircuit is intermittently estab-
lished, and means for directing a jetorstream
of a fluid which is contained in the receptacle,
against the said body so as to effect its rota-
tion independently of the receptacle, as set
forth,

- 609,249

2. In an electric-circuit controller,the com-
bination of a closed rotary receptacle, a con-
duecting body therein adapted to be rotated
independently of the receptacle by the im-
pingement thereon of a jet or stream of con-
ducting fluid,and means for maintaining such
a jet and directing it upon the said conduec-
tor, as set forth.

3. In a circuit-controller, the combination
with a rotary receptacle of a body or part
mounted within the receptacle and concen-
trically therewith,aconducting-terminal sup-
ported by said body and capable of rotation
in a plane at an angle to the plane of rota-
tion of the receptacle so as to oppose, by gyro-
static action, the rotation of the support, and
means for directing a jet of conducting fluid
against the said terminal, as set forth.

4, In a circuit-controller, the combination
with a rotary receptacle of a support for a
conductor mounted thereon concentrically
with the receptacle and a gyrostatic disk car-
ried by the support and adapted, when rotat-
ing, to oppose its movement in the direction
of rotation of the receptacle, as set forth.

5. In a circuit-controller, the combination
with a rotary receptacle containing a con-
ducting fluid, a support mounted within the
receptacle, means for opposing or preventing
its movement in the direction of rotation of
the receptacle, one or more tubes or ducts
carried thereby and adapted to take up the
fluid from the rotating receptacle and dis-
charge the same in jets or streams, and a con-
ductor mounted on the support and adapted
to be rotated by the impingement thereon of
said jet or jets, as set forth.

6. The combination in a circuit-controller
of a rotary receptacle, one or more tubes or
duets and a support therefor capable of ro-
tation independently of the receptacle, a con-

- ductor mounted on said supportin a plane at

an angle to that of rotation of the receptacle,
and adapted to be maintained in rotation by
a jet of fluid taken up from the receptacle by
and discharged upon it from the said tube or
duct, when the receptacle is rotated.

7. The combination with a rotary recepta-
cle of one or more tubes or ducts, a holder or
support therefor mounted on bearings within
the receptacle, which permit of a free rela-
tive rotation of said receptacle and holder, a
disk with a bearing on the said holder and
having its plane of rotation at an angle to
that of thereceptacle, the disk being formed
or provided with condueting - vanes, upon
which a jet of conducting fluid, taken up by
the tube or duct from the receptacle when in

rotation, is directed.
NIKOLA TESLA.

Witnesses:
M. LawsoN DYER,
G. W. MARTLING,
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UNITED STATES

PAaTENT OFFICE.

NIKOLA TESLA, OF NEW YORK, N. Y.

ELEQTRIC-CIRCUIT CONTROLLER.

SPECIFICATION formmg' part of Letters Patent No. 609, 251 dated August 16, 1898,

Apphcatlon ﬁled June 3,1897 Renewed June 15, 1898 Serlal No 683, 525

" (Mo model.)

To all whom it may concermn:

Beitknown that I, NIKOLA TESLA, a citizen
of the United States, residing at New York,in
the county and State of New York, have in-
vented certain new and useful Improvements
in Electrie-Circuit Controllers, of which the
following is a speclﬁcatlon, referenee being
had to the drawings accompanying and form-
ing a part of the same.

Tn previous patents granted to me I have
shown and described methods and apparatus
forthe conversion and utilization of electrical
currents of very high frequency based upon
the principle of charvlncr a condenser or a cir-
cuit possessing eapacwy and discharging the
same generally through the primary of a ’m ans-
former, the seeondary of which constituted
the source of working current and under such
conditions as to yleld a vibrating or rapidly-
intermittent current.

In some of the forms of apparatus which I

have heretofore devised for carrying out this
invention I have employed a mechanism for
making and breaking an -electric eircuit or
bmnch thereof for the purpose of charging
and discharging the condenser, and my pres-
ent apphcatlon is based upon a novel and
improved form of device for this purpose,
which may be gener allystyled a_“ circuit-con-
troller.”

In order that the full adva-ntages of my sys-
tem may be realized and the best practical
results secured, the said .cirecuit-controller
should be capable of fulfilling certain require-
ments, the most important among which is
the capablhty of effecting an e‘ztremely -rapid
interruption and completlon of the circuit.
It is also of importance that such makes and
breaks,and more especially the former,shonld
be positive and abrupt, and from considera-
tions of economy and practicability it is es-
sential that the apparatus should be cheaply
constructed, not liable to derangement, and
capable of prolonged use without attention
or adjustment. With the object of attain-
ing these results,which have never heretofore
been fully attained in any form of mechan-
ical circuit-controller of which I am aware, I
devised and developed the circuit-controller
which forms the subject of my present appli-
cation and which may in general terms be de-
scribed as follows:

./The device in its typical embodiment com-

‘prises as essential elements two terminals—
‘one with peripheral contacts alternating with
‘insulating-spaces, such as is exemplified in a
‘stelliform disk and which is capable of rota-
‘tion, and the other a rotatable receptacle con-
‘taining a fluid in which more or less of the

first-named terminal is immersed.

- In the preferred construction of the appa-
ratus the receptacle contains both a conduct-
ing and a non-conducting fluid, the former
being the heavier, and I maintain the termi-
nals in such relations that the electrical con-

nection between them is made and broken

by the successive immersion of the contact-
points into and their withdrawal from the
conducting through the non-conducting fluid.
These relations are best maintained by such

‘construction of the receptacle that the dis-

tribution of the two fluids necessary for the
proper operation of the device may be pre-
served by centrifugal action and the rotation
of the other terminal effected by the move-
ment of the fluid or fluids relatively thereto.

To secure the conditions necessary for the
accomplishment of the ohjects of the inven-
tion, various mechanical expedients may be
resorted to; but the best and most practicable
device for the purpose of which I am aware
is a hollow wheel or drum mounted so as to
be rotated at any desired speed and contain-
ing a conducting fluid, such as mercury or
an electrolyte, which by the rotation of the
drum is thrown by centrifugal force outward
to the inner periphery of the same, and a
sufficient quantity ofalighter non-conducting
or poorly-conduetive fluid, such as water or
oil, which by the centrifugal action is main-
tained on the surface of the heavier con-
dueting fluid and tends to prevent the occur-
rence of arcs between the contact-points and
the conducting fluid.

A central opening is formed in one side of
the drum, through which enters an arm car-
rying a disk with peripheral projections or
vanes which when the drum is rotated pro-
ject to a sufficient extent_toward or into the
conducting fluid to effect the makes and
breaks of the cireuit,

The motion. of the fluid within the drum

.causes the disk to rotate and its projections

or vanes to make and break the circuit with
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arapidity which may be very great. In fact,
when the drum is rotated at a high rate of
speed the fluid conductor may become in its
effect similar to a solid body, upon which the
conducting-disk rolls,so that the conducting
fluid might be dispensed with, although I
find it preferable to use it.

. In order to insure the proper immersion of
the projections into the fluid to compensate
for wear and at the same time to secure a
yielding pressure between the fluid and the
disk, it is desirable to employ for the disk
some form of spring connection or support
which will exert a force tending to foree it in
contact with the fluid.

I have also devised certain details of con-
struction which add to the efficiency and prac-
ticability of the apparatus which will be more
conveniently described by referenceto the ac-
companying drawings.

Figure 1 is a side elevation of a complete
apparatus for producing currents of high fre-
quency and to which my present invention
isapplied. Fig.2isa central vertical section
of the improved circuit-controller of Fig. 1;
Fig. 3, an end view of the same; Fig. 4, a
modified form of the circuit-controller, show-
ing it in connection with the remaining parts
of the apparatus illustrated diagrammatic-
ally; and Fig. 5, a side view of the same with
the receptacle in section.

As the apparatus as a whole is now well
known, a brief description of the same will
suffice for an understanding of its character.

The various parts or devices are preferably
mounted on a base B, which contains the con-
denser, and comprise a transformer A with
primary and secondary coils, one or more self-
induction coils O, a small electromagnetic
motor D, and the circuit-controller, which is
driven by the motor. The circuit connections
will be described in connection with Fig. 5.

In general plan of construction and arrange-
ment the apparatusis essentially the same as
that described and shown in a patent granted
to me September 22, 1896, No. 568,176.

The shaft of the motor D extends through
a stationary disk E, and to its end is keyed a
hollow wheel or drum F, which rotates with
it. Two standards G are secured to the disk
E and connected by a cross-bar H, from which

extends an arm I into the interior of the |

drum F through a central opening in its side.

To the end of the arm K is secured an arm
L, carrying at its free end a disk M with pe-
ripheral teeth or projections N, as shown in
Fig. 3. The disk is mounted on any suitable
bearings in the arm I, so as to be capable of
free rotation.

It is desirable that the disk should admit of
adjustment with respect to the inner periph-
eral surface of the drum, and for this purpose
I secure the arm K to a rod O, which passes
through supports in the cross-bar H and is ad-
justable therein by meauns of threaded nuts P.

The interior of the drum F is formed by
preferencein substantially the mannershown

in Fig. 2—{hat is tosay, it is tapered or con-
tracted toward the periphery so as to form a
narrow trough in which the fluid is confined
when the drum is rotated.

R designates the conducting fluid, and S
the lighter non-conducting fluid, which are
used in the drum. If the proper quantities
and proportions of these fluids be introduced
into the drum and the latter set in rapid rota-
tion, the two fluids will distribute themselves
under the action of centrifugal force around
the drum in the manner indicated in Fig. 2.
The arm I{ is adjusted so that the teeth or
projections on the disk M will just enter the
conducting fluid, and by the action of either
or both the disk will be rapidly rotated. Its
teeth are so arranged that no two are simul-
taneously in contact with the conducting
fluid, but come into the same successively.
If, therefore, one part of the circuit be con-
nected to the drum, as by a contact strip or
brush T, and the other part to the disk M,
or to any part, as the standards G, which are
insulated from the frame of the apparatus
and in metallic connection with the disk M,
the circuit will be made and broken with a
rapidity which may obviously be made enor-
mously high. The presence of the non-con-
ducting fluid on the surface of the other
operates to prevent the occurrence of sparks
as the teeth N leave the latter and also to
prevent the current from leaping across the
space between the teeth and the conductor
as the two approach.

Inillustration of the modifications of which
the improvement is susceptible I now refer
to Figs. 4 and 5, in which also certain novel
and useful details of construction applicable
generally to the invention are shown.

In the modification shown in Figs. 4 and 5
tworigid arms LL and I/, each carrying a disk
M, are shown, and this number may be in-
creased, if so desired. The rotating disks in
this case are mounted on spindles at right
angles to the axis of rotation of the drum F,
and the contact points or projections are
formed as vanes, with faces inclined to the
plane of rotation, so as to be rotated by the
movement of the fluid in the manner of tur-
bine wheels.

In order to provide a means for automat-
ically adjusting the disks to compensate for
any wear and keep the ends of the vanes or
points properly immersed in the fluids, each
disk-carrying arm is impelled by a spring or
weight in the direction of the periphery of
the drum. A convenient way to accomplish
this is to form racks on the arms L 1 and to
provide a pinion b in engagement therewith.
From the shaft of the pinion extends an arm
¢, the end of which is connected to an adjust-
able stop d by a spiral spring e, the tendency
of which is to turn the pinion and force both
arms L and L' toward the periphery of the
drum,

In some applications of the invention it is
practicable to prevent the occurrence of arcs
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still more effectively or even .entirely by
using in addition to the non-conducting fluid
a somewhat heavier fluid W, which is a com-
paratively poor conductor and which takes
up a position between the conducting and
non-conducting fluids. ‘

‘When two or more disks or equivalent de-
vices are used, they may be connected either
in series or multiple. In the present illus-
tration they are shown as in series, and as
the arms L and L' are insulated from each
other and each connected with a terminal of
the source of current the circuit is completed
only when a vane of each disk is immersed
in the conducting fluid and interrupted at
all other times. .

The diagram of circuit connections will
serve toillustrate the purpose and mode of op-
eration of the device. Let f f be the con-
ductors from a source of current, each inelud-
ing a self-induction coil C C' and connected
with the arms L and L' and with two con-
ductors B’ B”, respectively. . Then during
the periods when the circuitis completed be-
tween the two arms L I’ the coils C C' store
energy, which on the interruption of said eir-
cuit rushes into and charges the condensers.
These latter during the periods when the
circuit is closed between arms L and L’ dis-
charge through the primary A’ and induce
by such discharge currents in the secondary
A", which are utilized for any purpose for
which they may be suited, as in operating
vacuum-tubes X or suitable lamps Y.

It will be understood that the rotating drum
may be mounted in a horizontal or other plane
and from the nature and objects of the re-
sults which are attained by the particular
apparatus described the construction of this
apparatus may be very greatly varied with-
out departure from my invention.

Without therefore limiting myself to the
details of construction and arrangement
shown herein in illustration of the manner
in which my invention is or may be carried
out, what I claim is— .

1. A circuit-controller comprising, in com-
bination, a receptacle containing a fluid,
means for rotating the receptacle,and a termi-
nalsupported independently of the receptacle
and adapted tomake and break electric con-
nection with the receptacle through the fiuid,
as set forth.

2. A circuit-controller comprising in com-
bination a receptacle containing a conducting
fluid and a non-conducting fluid, means for
rotating the receptacle and a terminal adapt-
ed to make and break electrical connection
with the condueting fluid within or under the
non-conducting fluid, as set forth.

3. A circuit-controller comprising in com-
bination a terminal capable of rotation and
formed or provided with peripheral contacts,
areceptacle comprising the opposite terminal
and containing a fluid into which the said
contacts extend, and means for rotating the
receptacle, as set forth.

w

4, A circuit-controller, comprising, in con-
bination, a terminal capable of rotation and
formed or provided with peripheral projec-
tions, a receptacle containing a fluid con-
ductor into which the points or projections of
the said conductor extend, and means for ro-
tating the said receptacle, as set forth.

5. A circuit-controller comprising, in com-

"bination, a terminal capable of rotatior and

formed or provided with peripheral projec-
tions, a centrifugal drum or wheel containing
a fluld conductor into which the points or
projections of the said conductor extend,
and means for rotating the said drum, as set
forth.

6. A cireunit-controller comprising, in com-
bination, a terminal capable of rotation and
formed or provided with peripheral projec-

tions, a centrifugal drum or wheel containing.

a fluid eonductor into which the points of the
said terminal extend, and means for adjust-
ing the latter with relation to the surface of
the fluid, as set forth.

7. A circuit-controller comprising, in com-
bination, aterminal having peripheral projec-
tions and capable of rotation, a centrifugal
drum or receptacle containing a conducting
and a lighter non-conducting fluid, the said
terminal being arranged so that its points or
projections extend through the non-conduct-
ing into the conducting fluid, when the fluids
are distributed.in the drum under the action
of centrifugal force, as set forth.

8. The combination with a hollow cenfrifu-
gal drum or wheel containing a conducting

Auid, a motor for rotating the same, a sup--

port extending through an opening into. the
drum, and a rotatable terminal having pe-
ripheral projections, mounted on said support
in position in which its projections extend
into the fluid when displaced by centrifu-
gal action, as set forth. :

9. The combination with a receptacle con-

taining a fluid and means for rotating the
same, a terminal with peripheral projections
capable of rotation, and a spring connection
or support for said terminal tending to force

it toward the periphery of the receptacle, as.

set forth. .
10. The combination with a hollow centrifu-

gal drum or wheel containing a conducting-

flnidand alighternon-conducting fluid,means
for rotating the said drum, a support extend-
ing through an opening into the drum, and a
rotatable terminal having peripheral projec-
tions, mounted on said support in position in
which the projections extend through the
non-conducting into the conducting fluid
when the fluids are displaced by centrifugal
action, as set forth, . '
11. The combination with a centrifugal
drum containing a condueting and a non-con-
ducting fluid, means for rotating the drum,
a terminal capable of rotation and having
peripheral projections, mounted within the
drum on a stationary support, and a spring
or its equivalent acting on the said terminal

70

75

8o

85

95

100

105

I1C

11§

I20

125

130




1.5

and tending to force its projections toward
theinner periphery of said drum, asset forth.

12. The combination with a receptacle con-
taining a conducting fluid, a lighter fluid of
low conductivity and a non-conducting fluid
lighter than the others, and means for rotat-
ing the receptacle, of a terminal adapted to
make and break the cirenit by movements be-

609,251

tween the conducting and non-conducting
fluid through the intermediate fluid of low 10
conductivity, as set forth.

NIKOLA TESLA.

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




No. 611,719. Patented Oct. 4, 1898,
N. TESLA.

ELECTRICAL CIRCU!IT CONTROLLER.

(Application filed Dec. 10, 1897.)

(No Model.)

SO e

Welnesses:
bt ot Nidol Toste , Treverdtor




10

5

20

25

30

35

40

45

50

UNTTED STATES

PaTENT OFFICE.

NIKOLA TESLA, OF NEW YORK, N. Y.
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To all whom i may concern:

Be it known that-I, Nixora TESLA, resid-
ing at New York, in the county and State of
New York, have invented certain new and
useful Improvements in Electrical - Cirenis
Controllers, of which the following is-a speei-
fication, reference being had to the drawings
accompanying and forming part of the same.

In order to secure a more efficient working
of ecircuit-controllers, particularly in their
use in connection with my system of elec-
trical-energy conversion by means of con-
denser discharges, I have devised certain
novel forms of such appliances, comprising
as essential elements a body of conducting
fluid constituting one of the terminals, a con-
duetor or series of conductors forming the
other terminal, and means for bringing the
two into rapidly-intermittent contact with
each other. These devices possess many de-
sirable qualities, particularly that of being
eminently adapted for making and breaking
at a very rapid rate an-electric circuit and
thus reducing to a minimum the time of pas-
sage of the current through an arc or path of
high resistance and diminishing thereby the
losses incident to the closure and interrup-
tion of the circuit. Continued experimenta-
tion with these appliances hasled me to make
further important improvements by causing
the make-and-break to be effected in an inert
mediam of very high insulating power.

It is a fact, which was fully demonstrated
by Poggendorff and utilized by him to im-
prove the operation of induction-coils, that
when the contact-points of a circuit-breaker
are inclosed in a vessel and the latter ex-
hausted to a high degree the interruption of
the current is rendered more sudden, as if a
condenser were connected around the break.
Furthermore, my own investigations have
shown that under such conditions the closure
alsoizsmore sudden, and thisto even a greater
degree than the break,which resultIattribute

to the high insulating quality of the vacuous

space, in consequence of which the electrodes
may be brought in very close proximity be-
forean arc can be formed between them. Ob-
viously these facts may be utilized in con-
neetion with my novel .eircuit-controllers;
but inasmuch as only a very moderate im-
provement is secured in this manner and as

the high vacuum required is quickly de-
stroyed and cannot be maintained, unless by
a continuous process of rarefaction and other
inconvenient measures, I have found it desir-
able to employ more effective and practical
means to increase the efficiency of the de-
vices in question. The measures 1 have
adopted for this purpose have resulted from

~my recognition of certain ideal qualifications

of the medium wherein to effect a make-and-
break. These may be summed up as fol-
lows: First, the medium by which the contact-
points are surrounded should have as high
an insulating quality as possible, so that the
terminals may be approached to an ex-
tremely short distance before the current
leaps across the intervening space; second,
the closing up or repair of the injured dielec-
trie, or, in other words, the restoration of the
insulating power, should be instantaneous in
order to reduce to a minimum the time dur-
ing which the waste principally occurs; third,
the medium should be chemically inert, so as
to diminish as much as possible the deterio-
ration of the electrodes and to prevent chem-
ical processes which might result in the de-
velopment of heat or, in general, in loss of
energy; fourth, the giving way of the me-
dium under theapplication of electrical pres-
sure should not be of a yielding nature, but
should be very sudden and in the nature of
a crack, similar to that of a solid, such as a
piece of glass when squeezed in a vise, and,
fifth, most important, the medinum ought to
be such that the are when formed is restricted
to thesmallest possible linear dimensions and
is not allowed to spread or expand. As a
step in the direction of these theoretical re-
quirements I have employed in some of my
circuit-controlling devices a fluid of high in-
sulating qualities, such as liquid hydrocar-
bon, and caused the same to be forced, pref-
erably with great speed, between the ap-
proaching and receding contact-points of the
circuit-controller. By the use of such liquid

insulator a very marked advantage was se-
cured; but while some of the above require-
ments are attained in this manner certain
defects still exist, notably that due to the
fact that the insulating liguid, in common
with a vacuous space, though in a less de-
gree, permits the arc to expand in length and
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thickness, and thus pass through all degrees
of resistance and causing a more or less con-
siderable waste of energy. Toovercome this
defect and to still more nearly attain the the-
oretical conditions required for most efficient
working of the eircuit-controlling devices, I
have been finally led to use a fluid insulating
medium subjected to great pressure.

The application of great pressure to the me-
dium in which the make-and-break is made
secures a number of specific advantages.
One of these may be obviously inferred from
well - established experimental facts, which
demonstrate that the striking distance of an
arce is approximately inversely proportional
to the pressure of gaseous medium in which
it occurs; butinview of the fact that in most
cases occurring in practice the striking dis-
tance is very small, since the difference of
potential between the electrodes is usually
not more than a few hundred volts, the eco-
nomical advantages resulting from the reduc-
tion of the striking distance, particularly on
approach of the terminals, are not of very
great practical consequence. By far the
more important gain I have found to result
from an effect which I have observed to fol-
low from the action of such a medium when
under pressure upon the arc—namely, that
the cross-section of the latter is reduced ap-
proximately in an inverse ratio to the pres-
sure. As under conditions in other respects
the same the waste of energy in an arcis pro-
portional toitscross-section, a very important
gainin economy generally results. A feature
of great practical valueliesalsointhe fact that
the insulating power of the compressed me-
dium is not materially impaired even by con-
siderable inerease in temperature, and, fur-
thermore, that variations of pressure between
wide limits do not interfere notably with the
operation of the circuit-controller, whereas
such conditions are fatal drawbacks when,
for instance, Poggendorff’s method of insu-
lating the terminals is used. In many other
respects, however, a gas under great com-
pression nearly fulfils the ideal requirements
above mentioned, as in the sudden breaking
down and quick restoration of the insulating
power, and also in chemieal inertness, which
by proper selection of the gasiseasilysecured.

In carrying out my invention the medium
under pressure imay be produced or main-
tained in any proper manner, the improve-
ment not being limited in this particular to
any special means for the purpose. I prefer,
however, to secure the desired result by in-
closing the circuit-controller, or at least so
much of the same as shall inelude the termi-

nals, in a chamber or receptacle with which-

communicates a small reservoir containing a
liquefied gas. For purpose of illustration
this particular manner of carrying out the

invention is described herein.

‘While the improvement is applicable gen-
erally to circuit-controllers, the best results
will be secured by the use of devices in which

611,719

a high relative speed between the terminals
is obtainable, and with this speecial object in
view I have devised a novel circuit-controller
whieh, though belonging to the class of which
I have shown a typical form in my applica-
tion for patent filed December 2, 1897, Serial
No. 660,518, differs in certain particulars of
construetion, which will be understood from
the following comparison: In the previously-
described form of said circuit-controllers a
rotary receptacle, carrying within it a series
of spaced conductors, is driven at a highspeed
by a suitable motor. DMounted within and
concentrically with the receptacle, but capa-
ble of free independent rotation with respect
thereto, is a body which during the rotation
of the receptacle is retarded or restrained
against rotation by the application of a suit-
able force. This body carries a tube or duct
which takes up at one end a fluid eonductor
contained in the receptacle and rotating with
the same and discharges it from the other
end against the rotating spaced conductors.

While an apparatus thus constructed is
very efficient and performs the work required
of it in a highly-satisfactory manner, it is
nevertheless subject to certain limitations,
arising mainly from the amountof work which
the conducting fluid is required to perform
and which increases with the speed. With
the object of overcoming objections that
might lie to this form of circuit-controller in
the particular referred to, I devised the form
of instrument shown herein. The features
which more particularly distinguish this form
are the following: I employ a closed station-
ary receptacle within which is mounted a
body that is capable of being rotated in any
way—as, for example, by the drag or pull
upon it of an external field of force or a mag-
net rotated bodily. The rotary body imparts
rotation to a series of spaced couductors
within the receptacle and also operates as a
pump to maintain a flow of conducting fluid
through one or morestationary ductsand from
the same against the rotating conductors.

The details of this apparatus will be de-
scribed by reference to the accompanying
drawing, which is a vertical central section
of the circuit-controller complete.

A is a receptacle, of iron, steel, or other
proper material, with a head B, secured by a
gas-tight insulating-joint. Within this re-
ceptacle is contained the cireuit-controller,
which, in so far as the main feature of my
present invention is concerned, may be of any
desired construction, but which, for the rea-
son stated above, is of the special character
shown. A spindle C is screwed or otherwise
secured centrally in the head B, and on this
is mounted on antifriction-bearings a body
to which rotary motion may be imparted.
The construction of the device in this partieu-
lar and the means for imparting rotation to
the said body may be greatly varied; but a
convenient means for accomplishing this is
to secure to the rotary sleeve D a laminated
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magnetic core E and place around the portion
of the head B which contains it a core I,
provided with coils and constituting the pri-
mary element of a motor capable of produc-
ing a rotary field of force which will produce
a rapld rotation of the secondary element or
core B. To the depending end of the sleeve
D is secured a conductor G, usually in the
form of a disk with downwardly-extending
teéth or peripheral projections II. To the
sleeve or the disk G is also attached, but in-
sulated therefrom, a shaft T, having a spiral
blade and extending down into a well or cy-
lindrical recess in the bottom of the recepta-
cle. One or more ducts or passages J lead
from the bottom of this well to points near
the path of the conducting-teeth II, so that
by the rotation of the screw I a conducting
fluid, which runs into the well from the recep-
tacle, will be forced up through the duct or
ducts, from which it issues in a jet or jets
against therotating conduetor. = To facilitate
this operation, the well is surrounded by a
flange K, containing passages L, which per-
mit the conducting fluid to flow from the re-
ceptacle into the well, and having beveled
sides which serve as a shield to deflect the
fluid expelled from the duets through the
spaces in the conduector to the bottom of the
receptacle.

M is any suitable reservoir communicating
with the interior of the main receptacle and
containing a liquefied gas, such as ammonia,
which maintains a practically inert atmos-
phere under pressure in the receptacle.”

Preferably, though mainly as a matter of
convenience, the receptacle M is a metal cup
with a hollow central stem N, the opening
for the passage of gas being controlled by a
screw-valve in the top of the cup. The said
cup is screwed onto the end of the spindle
C, through which is a passage O, leading into
the 1n13e1 ior of the receptacle A.

‘The receptacle A and the condncting fluid,
which is generally mercury, being normally
insulated from the head B and the parts at-
tached and supported thereby, are connected
to one part of the circuit to be controlled.
Theothercircuit connection is made by a con-
ductor P to any part of the head, so that
when the core E and conductor G are rotated
the circuit will be completed between the
two insulated parts of the receptacle through
the jet or jets of conducting fluid whenever
they impinge upon the said conductor.

To insure a good electrical connection be-
tween the sleeve D and the spindle C, I pro-

" vide in the former a small chamber R, which
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contains mercury, and into this the "end of
the spindle C extends.

The special advantages of ihis particular

form of circuit-controller heretofore referred
to will now more readily appear. The mass
and weight of the rotating parts are greatly
reduced and a very high speed of rotation ob-
tained with small expenditure of energy.

[N

The power required to maintain the jets of
condueting fluid is, moreover, very small.

Having now described my invention, what
I claim is—

1. The combination with a closed recepta-
cle, of a circuit-controller contained therein
and surrounded by an inert insulating me-
dinm under pressure.

2. The combination with a closed recepta-
cle, of a circuit-controller contained therein
and means for maintaining within said recep-
tacle an inert atmosphere under pressure.

3. The combination with a closed recepta-

cle, of a circuit-controller contained therein,
and a vessel containing a liquefied inert gas,
and communicating with the interior of the
receptacle.
4, The combination with a eireunit-control-
ling mechanism, one part or terminal of which
is a condueting fluid, such as mereury, of a
receptacle inclosing the same and means for
maintaining an inert gas under pressure in
the 1ecepmcle

5. The combination with a conductor or se-
ries of conductors constituting one terminal
of a circuit-controller, means for maintaining
a stream or jet of conducting fluid as the
other terminal with which the condunctor
makes intermittent contact, a close recepta-
cle containing the terminals, and means for
maintaining an inert atmosphere under pres-
sure in the receptacle.

6. A device for making and breaking an
electric circuit comprising, in combination,
means for maintaining a jet or stream of con-
ducting fluid which constitutes one terminal,
a conductor or conductors making intermit-
tent contact with the jetand constituting the
other terminal and a receptacle inclosing and
excluding oxygen fronr the said terminals.

7. The combination with a receptacle, of
a conductor or series of spaced conductors
mounted therein, a motive device for rotat-
ing said conductors, one or more nozzles for
directing a stream or jet of fluid against the
conductor, and a force-pump in direct con-
nection with the conductor for maintaining a
circulation of conducting fluid contained in
the receptacle through the nozzle or nozzles,
the conductor and the fluid constituting re-
spectively the terminalsof a circuit-controller.

8. Thecombination of a casing, a conduector
orseries of spaced conductors mounted there-
in, a motor for rotating the same, one or more
ducts or channels from a receptacle contain-
ing a conducting fluid and directed toward
the conductors, and a screw operated by the
motor for forcing the conducting fluid through
the duct or duets against the conductors, the
conductors and the fluid constituting the ter-
minals of an electrie-circuit controller.

9. The combination with a receptacle con-
taining a conducting fluid, of a conductor
mounted within the receptacle, means for ro-
tating the same, a screw rotating with the
conductor and extending into a well in which
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the fluid collects, and a duct or ducts leading
from the well to points from which the fluid
will be directed against the rotating con-
ductor.

10. The combination with the receptacle,
of a spindle secured to its head or cover, a
magnetic core mounted on the spindle within
the receptacle, means for rotating said core,
a conductor rotated by the core, and a pump-

611,719

ing device, such as a screw rotated Dy the 10

core and operating to maintain a jet or jets
of conducting fluid, against the conductor,
when in rotation.

NIKOLA TESLA.
Witnesses: ’
M. LAwsoN DYER,

G. W. MARTLING.
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UNITED STATES

Patent OrFrick.

NIKOLA TESLA, OF NEW YORK, N. Y.

ELECTRIC-CIRCUIT CONTROLLER.

SPECIFICATION forming part of Letters Patent No. 613,735, dated Novembeér 8, 1898,
Application filed April 19, 1898, Serial No, 678,127, (No model)

To all whom it may concern:

Be it known that I, NIKOLA TESLA, resid-
ing at New York, in the county and State of
New York, have invented certain new and
useful Imp1ovements in Electrical- Circuit
Controllers, of which the following is a speci-
fication, reference being had to the drawings
accompanying .and forming a part of the
same.

In the electrical system or combination of
apparatus for the conversion of electrical en-
ergy by means of the discharges of a condenser
invented and heretofore descubed by me the
means employed formaking and breaking the
electric circuit, though performmrr a sub01-
dinate functlon may fxom the peculiar con-
ditions which ex1st become ahighlyimportant
consideration, not only as regards their prac-
ticability and durability, but also the econ-
omy in the operation of the system or appa-
ratus. Of such importance is this consider-
ation that for the mostefficient and reliable op-
eration of my said system I have found it nec-
essary to devise special appliances for mak-
ing and breaking the circuit which differ ma-
terlally in construetlon and mode of opera-
tion from any previously-existing devices of
this character of which I am aware. In the
forms of such apparatus which I have pro-
duced at least one of the terminals is a con-

ducting fluid, while the other is usually a solid

conductor or series of conductors, both being
preferably inclosed in a gas-tight receptaele
and brought by rotary movement into rap-
idly 1nterm1ttent contact. Ihaveshown and
described typical forms of such circuit-con-
trollers in applications Serial No. 660,518,
filed December 2, 1897; Serial No. 639 227
filed June 3, 1897 and Serial No. 671 897
filed Febluzuy 28, 1898.

The invention, subject of my present ap-
plication, neltams to apparatus of this class
and involves certain improvements in the
construction and mode of operation of the
same which have primarily for their object
tosecure a greater relative speed between the
two terminals, whereby the periods of make-
and-break, during which occurs the chief loss
of energy, may be materially shortened and
also a higher frequency of current impulses
secured. A brief consideration of the forms
of cireuit-controller of this general kind which

I have heretofore shown and desecribed will
conduce to a better understanding of the prin-
ciples followed. in the construction of the ap-
paratus upon which my present application
is based and of the primary-object which I
have in view—to increase the relative speed
of the two terminals in approaching and re-
ceding from each other.

In some forms of the circuit - controllers
heretofore described by me I employ a closed
receptacle capable of being maintained in
rapid rotation. - Within this receptacle is
mounted a body the rotation of which is re-
tarded or prevented and which carries a tube
or duet which takes up a conducting finid
from the receptacle when the latter is rotated
and directs the said fluid against a conductor
or series of spaced conductors carried by the
rotating receptacle. This apparatus, while
effectlve to a high degree and possessing many
advantages over prevmusly -existing forms, is
nevertheless subject to certain limitations as
to efficiency, having regard to the speed at
which the receptacle is rotated, for not only
may an undue loss of energy result from ro-
tating the receptacle, but also from the un-
necessarily-rapid movement of the conduct-
ing fluid. - With a view to improving the ap-
paratus in these particulars I devised forms
in which the receptacle was stationary and
the interior terminal conductor rotated, and
by this means I reduced the mass and weight
of the moving parts. I also employed a de-
vice in the nature of a pump, which formed
a part of the circuit-controller proper and
was operated by the motor used for rotating
the conductor, and thus maintained a flow of
conduecting fluid from duets in the receptacle
against the rotating conductor withno greater
speed than required for efficient operation.
By such an apparatus it.is not only possible
to secure a higher relative speed between the
two terminals, but to do this with a smaller
expenditure of mechanical énergy. To still
further increase the relative speed of the
terminals, I'now provide for rotating each of
the terminals with respect to the other, so
that therate of mutual contact is very greatly
increased.

Obviously various means may be employed
forrotating the conduectors, or, in general, the
two essential parts which by their movement
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produce a make and break; but in the an-
nexed drawingsI haveonly shown such forms
of the apparatus as best illustrate the pres-
ent improvement.

Figure 1 is a central vertical section of a
gireuit-controller comprising a conductor or
series of conductors forming one terminal
and means for maintaining a jet or jets of
conduecting fluid constituting the other ter-
minal, which are arranged to be rotated in
opposite directions. Fig. 2 is a similar view
of a modified form of ecircuit-controller.

A designates a casting of cylindrical form
within which is a standard or socket B, in
which is mounted a vertical spindle C, car-
rying the circuit-controlling mechanism. The
said mechanism is contained in a receptacle
D, of iron or steel, the top or cover of which
is composed of an annular plate E and a cap
or dome F, the latter being of insulating ma-
terial-or of a metal of comparatively high spe-
cific resistance, such as Germansilver. The
receptacle D as a whole is made air-tight
and any suitable means may be employed
to effect its rotation, the particular device
shown for this purpose being an electromag-
neticmotor,oneelement,G,of whichissecured
to thespindle C or receptacle D and the other,
11, to the box or case A. Within the recepta-
cle D and secured to the topof the same, but
insulated therefrom, is a circular conductor
K, with downwardly-extending projectionsor
teeth L. This conductor is maintained in
electrical connection with a plate M outside
of the reeceptacle by means of screws or bolts
N, passing through insulated gaskets in the
top of the receptacle D. Within the latter
is a standard or socket O, in which is mount-
ed a spindle P, concentric with the axis of the
receptacle.

Any suitable means may be provided for
rotating the spindle P independently of the
receptacle D; but for this purpose I again
employ an electromagnetic motor, one ele-
ment, Q, of which is secured to the spindle P
within the receptacle D and the other, R, is
secured to the box A and surrounds the cap
or dome I, within which is mounted the ar-
matuare Q. ’ .

Depending from thespindle P or the arma-
ture Q is a cylinder S, to which are secured
arms T T, extending radially therefrom and
supporting short tubes or ducts V between

the peripheral walls of tlie receptacle D and

the series of teeth or projections L.

The tubes V have openings at one end in
close proximity to the inner wall of the recep-
tacle D and turned in a direction opposite to
that in which the latter is designed to rotate
and at the other end orifices which areadapt-
ed to direct a stream or jet of fluid against
the projections L.

To operate the apparatus, the receptacle D,
into which a suitable quantity of conducting
fluid, such as mercury, is first poured, and
the spindles P are both setinrotation by their
respective motors and in opposite directions.

By the rotation of receptacle D the conduet:
ing fluid is carried by centrifugal force up
the sides or walls of the same and is taken up
by the tubes or ducts V and discharged against
the rotating conductors L.  If, therefore, one
terminal of the circuit be connected with any
part of the receptacle D or the metal portions
of the instrument in electrical connection
therewith and the other terminal be connect-
ed to the plate M, the circuit between these
terminals will be completed whenever a jet
from one of the ducts V is discharged against
one of the projections L and interrupted when
the jets are discharged through the spaces
between such projections. I have indicated
the necessary circuit connections by wires X
and X', connected, respectively, with a brush
M/, bearing upon the circular plate M, and a
binding-post X", set in the frame or casing A.

In Fig. 2 a modified form of apparatus is
shown and by means of which similar results
areobtained. In thisdevice the top and bot-
tom A’ of the receptacle are metal plates,
while the cylindrical portion or sides A" is of
insulating material, such as porcelain. With-
in the receptacle and preferably integral with
the side walls A" are two annular troughs W
W', which contain a conducting fluid B', such
asmercury. Terminals C' C",passing through
the bottom of the receptacle through insulat-
ing and packed sleeves, afford a means of con-
necting the mercury in the two troughs with
the conductors of the circuit. Surrounding
thatportion of the devicein which the troughs
W W' lie is a core D', wound with coils D",
arranged in any suitable and well-known man-
ner to produce, when energized by currents
of different phase, a rotating magnetic field
in the space occupied by the two bodies of
mercury. To intensify the action, a circular
laminated core E'is placed within the recep-
tacle. If by this or any other means the
mercury is set in motion and caused to flow
around in the troughs, and if a conductor be
mounted in position to be rotated by the mer-
cury, and when so rotated to make intermit-
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tent contact therewith, a circuit-controller -

may be obtained of novel and distinctive
character and eapable of many useful appli-
cations independently of the other features
which are embodied in the complete device
which is illustrated. For the present purpose
I provide in the center of the receptacle a
socket in which is mounted a spindle P’, car-
rying a disk G'. -Depending from said disk
are arms H', which afford bearings for a shaft
K’', supporting two star-shaped wheels L' L"),
arranged o make contact with the mercury
in the two troughs, respectively. The shaft
K’ is mounted in insulated bearings, so that
when both wheels are in contact with mercury
the circuit connecting the terminals C' C”
will be closed. The disk G' carries an annu-
lar core N', which is adapted to be maintained
in rotation by a core O’ and coils 0", sup-
ported outside of the receptacle and prefer-
ably of the same character as those used for
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imparting rotation to the mércury; but the
direction of rotation should be opposite to
that of the mereury. The rate of rotation of
the wheels L' 1" depends upon the rate of
relative movement of the mercury, and hence
if the mercury be caused to flow in one direc-
tion and the wheels be carried bodily in the

opposite direction the rate of rotation, and-

consequently the frequenecy of the makes and
breaks, will be very greatly increased over
that which would be obtained if the wheels
L' L"” were supported in a stationary bearing.

It is obvious that by means of devices of
the character described a rapid interruption
of the circuit may be effected, while all the
practical advantages which may be derived
from ineclosing the terminals or confacts in a
closed receptacle are readily realized to the
fullest extent.

Having now-described my invention, what
I claim is—

1. In a circuit-controller, the combination
with rigid and fluid conductors adapted to be

brought intermittently into contact with each .

other, thereby making and breaking the elee-
tric cirecuit, of means for imparting rotary
motion to both of said conductors, as set forth.
2. In a circuit-controller, the combination
with a receptacle containing a conducting
fluid, means for imparting a movement of ro-
tation to the fluid, and a conductor adapted
to be rotated by the movement of said fluid
and to thereby make and break electric con-
nection with the fluid, as set forth.
NIKOLA TESLA.

‘Witnesses:
M. LAwsoN DYER,
G. W. MARTLING.
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ELECTRIC-ARC LAMP.

SPECIFICATION forming part of Letters Patent No. 835,786, dated Pebruary 9, 1888,

Application filed March 30, 1885,

To all whom it may concern:

Be it known that I, NigxorA TESLA, of Smil-
jan Lika, border country of Austria-Hungary,
have invented cerfain new and useful Im-

5 provements in Electric-Are Lamps, of which
the following is a specification.

My invention relates more particularly to
those arc lamps in which the separation and
feed of the carbon electrodes or their equiva-

10 lents is accomplished by means of electro-
magnets or solenoids in connection with suit-
able clutch-mechanism; and it is designed to
remedy certain faults eommon to the greater
part of the lamps heretofore made.

The objects of my invention are to prevent
the frequent vibrations of the movable elee-
trode and flickering of the light arising there-
from, to prevent the falling into contact of the
electrodes, to dispense with the dash-pot,
20 clock-work, or gearing and similar devices
heretofore used, and to render the lamp ex-
tremely sensitive, and to feed the carbon al-
most imperceptibly,and thereby obtain a very
steady and uniform light.

In that class of lamps where the regulation
of the are is effected by forces acting in oppo-
sition oun a free movable rod or lever directly
connected with the electrode, all or some of
the forces being dependent on the strength
30 of thecurrent,any change in theelectrical con-

dition of the circuit causes a vibration and a
corresponding flicker in the light. This dif-
ficulty is most apparent when there are only
a few lamps in circuit. To lessen this diffi-
35 culby, lamps have been constructed in which
the lever or armature, after the establishing
of the are, is kept in a fixed position and can-
not vibrate during the feed operagion, the feed
mechanism acting independently; butin these
4¢ lamps, whena clamp is employed, it frequently
occurs thab the carbous come into contact and
the light is momentarily extinguished, and,
frequently, parts of the cireuit are injured. In
both these classes of lamps it has been custom-
45 ary to use dash-pot, clock-work, or equiva-
lent retarding devices; but these are gener-
ally unreliable and objectionable, and increase

_the cost of construction.

My invention is intended to effect the de-

IS

25

Serial No. 160,574, (No model.)

sired objects and to remedy the before-men- go
tioned defects. I combine two electro-mag-
nets—one of low resistance in the main or
lamp circuit, and the other of comparatively
high resistance in a shunt around the arc—a
movable armature-lever, and a novel feed
mechanism, the parts being arranged so that
in the normal working position of the arma-
ture-lever the same is kept almost rigidly in
one position, and is not effected even by con-
siderable changes in the electric circuit; but
if the carbons fall into contact the armature
will be actuated by the magnets so as to move
the lever and start the are, and hold the car-
bons until the arc lengthens and the arma-
ture-lever returns to the normal positiou. 65
After this the carbon-rod holder is released by
the action of the feed mechanism,so as to feed
the carbon and restore the arc to its normal
length.

My invention consists, mainly, in the par-
ticular manner in which the armature is com-
bined with the magnets and acted upon by
them and in the feed-controlling mechanism,

In the drawings, Figure 1 is an elevation of
the mechanism made use of in the electric 73
lamp. Fig. 2 1s a plan view of the same be-
low the line # . Fig. 3 isan elevation of the
balancing lever and spring, and Fig. 4isade-
tached plan view of the pole-pleces and arma-
tures upon the friction-clamp, and Fig. 5is a
section of the clamping-tube.

M is a helix of coarse wire in a cirenit from
the lower-carbon holder to the negative bind-
ing-serew -,

N is a helix of fine wire in a shunt between
the positive binding screw -- and the negative
binding-screw —. The upper-carbon holder
S is a parallel rod sliding through the plates
S’ §* of the frame of the lamp, and hence the
electric current passes from the positive bind-
ing-post -} through the plate S carbon-
holder 8, and upper carbon to the lower car-
bon, and thence by the holder and a metallic
connection to the helix M.

The carben-holders are of any desired char-
acter, and to insure electric connections the
springs [ are made use of tc grasp the upper-
carbon holding rod S, but to allow the rod to
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slide freely through the same. These springs
! may be adjusted in their pressure by the
screw m, and the spring ! may be sustained
upon any suitable support. I have shown
them as connected with the upper end of the
core of the magnet N.

Around the carbon-holding rod S, between
the plates 8’ 8 there isatube, R, which forms
a clamp. This tube is counterbored, as seen
in the section Fig. b, so that it bears upon the
rod S atitsupper end and near the middle, and
at the lower end of this tubular clamp R there
arearmature-segmentsy of soft iron. A frame
or arm, n, extending, preferably, from the core
N?, supports the lever A by a fulerum-pin, o.
This lever A has a hole, through which the

. upperend of the tubular clamp R passes freely,
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and from the lever A is a link, ¢, to the lever
t, which lever is pivoted at y to a ring upon
one of the columns §°. This lever ¢ has an
opening or bow surrounding the tubular clamp
R, and there are pins or pivotal connections
w between the lever ¢ and this clamp R, and
a spring, %, serves to support or suspend the
weight of the parts and balance the same, or
nearly so. This spring is preferably adjust-
able.

Atoneendof the lever A isasoft-iron arma-

ture block, a, over the core M’ of the helix
M, and there is preferably a limiting-screw, ¢,
passing through this armature-block @, and at
the other end of the lever A is a soft-iron arma-
ture-block, b, with the end tapering or wedge-
shaped, and the same comes close to and in
line with the lateral projection ¢ on the core
N?. The lower ends of the cores M’ N*are
made with lateral projecting pole-pieces M®
N? respectively, and these pole-pieces are con-
cave ab their outer ends, and are at opposite
sides of the armature-segments » at the lower
end of the tubular clamp R. :

The operation of these devices is asfollows:
In the condition of inaction the npper carbon
rests.upon the lower one, and when the cur-
rent is turned on the electricity passes freely,
by the frame and spring [, through the rod 8
and carbons to the coarse wire and helix M,
and to the negative binding-post V, and the
core M’ thereby isenergized. The pole-piece
M? attracts the armature », and by the lateral
pressure causes the clamp R to grasp the rod
', and the lever A is simultaneously moved
from the position shown by dotted lines, Fig.
1, to the normal position shown in full lines,
and inso doing the link gandlever ¢ are raised,
lifting the clamp R and rod S, separating the
carbons and forming thearc. The magnetism
of the pole-piece ¢ tends to hold the lever A
level,or nearly so, the core N* being energized
by the current in the shunt which contains

- the helix N. In this position the lever A is

~ 65

not moved by ordinary variation in the elec-
tric current because the armature b is strongly
attracted by the magnetism of ¢,and thése parts
are close to each other, and the magnetism of

* ¢ acts at right angles to the magnetism of

the core M’. If, now, the are becomes t0o -

long, the current through the helix M is less-
sened, and the magnetism of the core N° is in-
creased by the greater current passing through 70
the shunt, and this core N® attracting the seg-
mental armature r lessens the hold of the
clamp R upon the rodS, allowing the latter to
slide and lessen the length of the are, which
instantly restores the magretic equilibrinm 75
and causes the clamp R to hold the rod 8. If
it happens that the carbons fall into contact,
then the magnetism of N? is lessened so much
that the attraction of the magnet M will be
sufficient to move the armature ¢ and lever A 2o
so that the armature b passes above the nor-
mal position, so as to separate the earbons in-
stantly; but when the carbons burn away a
greater amount of eurrent will pass through
the shunt until the attraction of the core N” 85
will overcome the attractionof thecore M’ and
bring the armatiure-lever A again into the nor-
mal horizontal position;and this oceurs before
the feed can take place. The segmental arma-
ture pieces r are shown asnearly semicirenlar. go
They may be square or of any other desired
shape, the ends of the pole-pieces M* N® being
made to correspond in shape.

I claim as my invention—

1. The combination, in an electric-arclamp, g3
of the electro-magnets in the main and shunt
circuits, respectively, an armature-lever and
connection to the movable carbon-holder, the
core of the shunt-magnet passing across the
end of the armature-lever, substantially asset 100
forth, so thatthe two magnets act in conjunc-
tion on the armature-lever in moving the car-
bon to form the are and in opposition to each
other beyond the normal position of the arma-
ture-lever, substantially as specified. 105

2. The combination, with the carbon-hold-
ers, of two- magnets, one in the main circuit
and the other in a shunt-cirenit, and an arma-
ture-lever to draw the are, and a feeding
mechanism and pole-pieces upon the electro- 1i1o
magnets to act upon the feeding mechanism,
substantially as specified.

3. The combination, with the carbon-hold-
ers, of two magnets, one in the main circuit
and the other in ashunt-circuit, and anarma- 115
ture-lever between two poles of such electro-
magnets to draw the are, and a feeding mech-
anism and pole-pieces upon the other two
poles of the electro-magnets to act upon the -
feeding mechanism, substantially as specified. 120

4. The combination, with the carbon-hold-
ing rod in an electric-are lamp, of the clamp
R, lever {, spring #°, armature-lever A, and
electro-magnets M N in the main and shunt
circuits, respectively, the pole-pieces M® N*, 125
and armature-segments r, substantially as set
forth.

5. Ahe combination, with the carbon:-holder,
of a tubular clamp surrounding the same, an
armature - lever connected to said tubular 130
clamp, and electro-magnets in the main and
shunt cirenits,respectively, and armature-seg-

N
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ments upon the tubular clamp adjacent to the | into action or releasing it, substantially asset 1o
lateral poles of the electro-magnets, substan- | forth.
tially as set forth. Signed by me this 25th day of March, A.
6. In an electric-arc lamp,the combination, | D, 1885,
with the carbon-holding rod, of a clamp, two —
5 armatures upon the clgmp, and e]eetrg)-’mag- NIKOLA. TESLA.
nets in the main and shunt circuits, re- Witnesses:
spectively, the poles of which act upon the GEo. T. PINCKNEY,

armatures of the clamp for bringing the same | CHAs. H. SyiTH.
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SPECIFICATION forming part of Lietters Patent Na, 335,787, dated February 9, 18886,

Application filed July 13, 1885,

o all whom it may conceri:

Be it known that I, NIKoLA TESLA, of Smil-
Jjan Lika, border country of Austria-Hungary,
have invented certain Improvements in Blee-

5 tric-Are Lamps, of which the following is a
specification.

In another application, No. 160,574, filed
by me March 30, 1885, I have shown and de-
scribed a lamp having two magnets, in the

10 main and shunt circuits, respectively, an ar-
mature-lever, and feed-mechanism connected
to the armature-lever.

My present invention consists in some modi-
fications of and improvements upon the de-

15 vices shown in the application referred to.

In my present invention I further provide
means for automatically withdrawing a lamp
from the circuit, or eutting out the same,
when, from a failure of the feed, thearcreaches

20 an abnormal length, and also means for anto-
matically reinserting such lamp in the circuit
when the rod drops and the carbons come into
contact.

My invention will be understood with refer-

25 ence to the accompanying drawings.

In the drawings, Figure 1 is an elevation of
the lamp with the case in section. Tig. 2 isa
sectional plan at the line # ». Tig. 3 isan
elevation, partly in section, of the lamp at

30 right angles to Fig. 1.  Tig. 4 is a sectional
plan at the line y y of Fig. 1. TFig. 5 is asec-
tion of the clamp in about full size. Tig. 6 is
a detached section illustrating the connection
of the spring to the lever that carries the piv-

35 ots of the clamp, and Fig. 7 is a diagram
showing the circuit-connections of the lamp.

In the drawings, Fig. 1, M represents the
main and N the shunt magnet, both securely
fastened to the base A, which, with its side

40 columns,S 8, is preferably cast in one piece of
brass or other diamagnetic material. To the
magnets aresoldered or otherwise fastened the
brass washers or disks ¢ ¢ ¢ ¢. Similar wash-
ers, b b, of fiber or other insulating material,

45 serve to insulate the wires frem the brass
washers.

The magnets M and N are made very flat,
50 that their width exceeds three times their
thickness, or even more. In this way a com-

50 paratively small number of convolutions is

Serial No. 171,416, (No model.)

sufficient to produce the required magnetism,
besides a greater surface isoffered for ccoling
off the wires.

The upper pole-pieces, m n, of the magnets
are curved, as indicated in the drawings, Fig. 55
1. Thelower pole-pieces,m’#/,are brought near
together, tapering toward the armature g, as
shown in Figs. 2 and 4. The object of this
taper is to concentrate the greatest amount of
the developed magnetismupon the armature, 6o
and also to allow the pull to be exerted always
upon the middle of the armature g. This
armature ¢ is a piece of iron in the shape of a
hollow eylinder, having on each side a seg-
ment cut away, the width of which is equal to 65
the width of the pole-pieces m’ ',

The armature is soldered or otherwise fast-
ened to the clamp », which is formed of a
brass tube, provided with gripping-jaws ee,
Fig. 5. These jaws are arcs of a circle of the 70
diameter of the rod R, and are made of some
hard metal, preferably of hardened German
silver. I also make the guides f f, through
which the carbon-holding rod R slides, of the
same material. This has the advantage te re- 75
duce greatly the wear and corrosion of the
partscomingin {rictional contact with the rod,
which frequently causes trouble. Thejawsee
are fastened to the inside of the tube 7, so
that one is a little lower than the other. The
object of this is to provide a greater opening
for the passage of the rod when the same is
released by the elamp. The clamp 7 is sup-
ported on bearingsw w, Figs. 1, 3 and 5, which
are just in the middle between the jawsce. 1
find this disposition to be the best, The bear-
ings w w are carried by a lever, ¢, one end of
which rests upon an adjustable support, ¢, of
the side columns, S, the other end being con-
nected by means of the link ¢ to the armature-
lever I.. The armature-lever L is a flat piece
of iron in Z shape, having its ends carved so
as to correspond to the form of the upper pole-
pieces of the magnets M and N. It is hung
upon the pivots v », Fig. 2, which are in the
jaw @ of the top plate, B. This plate B, with
the jaw, is preferably cast in one piece and
screwed to the side columuns, S 8, that extend
up from the base A. To partly balance the
overweight of the moving parts a spring, ¢, 100
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Figs. 2 and 6, is fastened to the top plate, B
and hooked to the lever ¢, - The hook o is fo-
ward one side of the lever or bent a liftle
sidewise, as seen in Fig. 6. By this means a
slight tendency is given to swingthe armature
toward the pole-piece m’ of the main magnet.
The binding - posts K K’ are preferably

screwed to the base A. = A manual switeh, for

short-cireniting the lamp when the cmbons
are renewed, is alsoto be fastened to the base.
This switch isof ordinary character, and is not
shown in the drawings.

The .rod R is electrically conneeted to-the
lamp-frame by means of a flexible -conductor
or otherwise. The lamp-case receives a re-
movable ornamental cover, &, around the same
to inclose the parts.

The electrical connections are as indicated
diagrammatically in Fig. 7.

The wire in the main magnet consists of two
parts, ' and p’. These two parts may be in

two separated coils or in one single helix, as

shown in the drawings. The part 2" being
normallyin eircuit, is, with the fine wire upon
the shunt:magnet, wound and traversed by the
current in the same direction, so as to tend to
produce similar poles, # » or s s, on the cor-
responding pole-pieces of the magnets M and
N. The part p' is only in circuit when the
lamp is cut out, and then the current beingin
the opposite direction produces in the main
magnet magnetism of the opposite polarity.
The operation is as follows: At thestartthe
carbons are to be in contact, and the eurrent
passes from the positive binding-post K to the
lamp-frame, carbon-holder, upper and lower
carbon, insulated return-wire in one of the
side rods, and from there through the part &’
of the wire on the main magnet to the nega-
tive binding-post. Upon the passage of the
current the main magnet is energized and at-
tracts the clamping-armature g, swinging the
clamp and gripping the rod by means of the
gripping-jaws e e. At the same time the ar-
mature-lever L is pulled down and the car-
bons separated. In pulling down the arma-
ture-lever L the main magnet is assisted by
the shunt-magnet N, the latter being mag-
netized by magnetic induction from the mag-

net M.

Tt will be seen that the armatures L and g
are practically the keepers for the magnets M
and N, and owing to this fact both magnets
with either one of the armatures Land g may
be considered as one horseshoe-magnet,which
we might term a ‘‘compound magnet.”” The
whole of the soft-iron parts m, w’, g, #/, n, and
L form a compound magnet.

The carbons being separated, the fine wire
receives a portion of the current. Now, the

. magneticinduction from the magnet M is such
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as to produce opposite poles on the corre-
sponding ends of the magnet N; but the car-
rent traversing the helices tends to produce
similar poles on the corresponding ends of
both magnets, and therefore as soon as the fine
wire is traversed by sufficient current the

335,787

magnetism of the whole compound magnet is
diminished.

With regard to the ar mature g and the op-
eration of the lamp), the pole m" may be termed
as the “clamping’’ and the pole #'asthe ‘‘re-
leasing?’’ pole.

As the carbons burn away, the fine wire re:
ceives more current and the magnetism di-
minishes in proportion. This causes the arma-
ture-lever L to swing and the armature g to
descend gradually under the weight of the

-| moving parts until the end p, Fig. 1, strikes

-a-stop on the top plate, B. " The adjustment is

such that when this takes place the rod R is
yet gripped securely by the jaws ee. The
‘further downward movement of the armature-
lever being prevented, the arc becomes longer
as the carbons are consumed, and the com-
pound magnet is weakened more and more
until the clamping-armature g releases the
hold of the gripping-jaws ee upon the rod R,
and the rod is allowed to drop a little, short-
ening thus the arc. The fine wire now re-
ceiving less carrent, tlie magnetism increases,
and the rod is clamped again and slightly
raised, if necessary. ‘This clamping and re-
leasing of the rod continues until the carbons
are consumed. In practice the feed is so sen-
sitive that for the greatest part of the time the
movement of the rod cannot be detected with-
out some actual measurement. During the
normal operation of the lamp the armature-
lever L remains stationary, or nearly 80, in
the position shown in Fig. 1.

Should. it arise that, owing to an imperfec-
tion in the rod, the same and the carbons drop
too far, so as to make the are too short, or even
bring the carbons in contact, then a very small
amount of current passes thr ough the fine wire,

ly strong to act as on the start in pulling the
armature-lever L down and separating the
carbons to a greater distance.

It occurs often in practice that the rod sticks
in the guides. In this case the are reaches a
great length, until it finally breaks. Then the
light goes out, and frequently the fine wire is
injured. To prevent such an aceident, I pro-
vide my lamp with an automatic cut-out.
This cut-out operates as follows: When, upon
a failure of the feed, the arc reaches a certain
predetermined length, such an amount of cur-
rent is diverted through the fine wire that the
polarity of the compound magnet is reversed.
The clamping-armature g is now moved against
the shunt-magnet N until it strikes the releas-
ing-pole #’. As soon as the contact is estab-
lished, the current passes from the positive
binding-post over the clamp 7, armature g,
insulated shunt-magnet, and the helix p’ upou
the main magnet M to the negative binding-
post. In this case the current passes in the
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and the compound magnet becomes sufficient- -
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opposite direction and changes the polarity of 130
the magnet M, at the same time maintaining
by magnetic induction in the core of shunt-
magnet the required magnetism without re-
versal of polarity, and the armature g remains
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against the shunt-magnet pole . The lamp
is thus cut out as long as the carbons are sepa-
rated. The cut-out may be used in this form
without any further improvement; but I pre-
fer to arrange it so that if the rod drops and
the carbons come in eontact the are is started
again. For this purpose I proportion the re-
sistance of the part p’ and the number of the
convolutions of the wire npon the main mag-
net so that when the carbons come in contact a
sufficient amount of currentis diverted through
the carbons and the part 2’ to destroy or neu-
tralize the magnetism of the compound mag-
net. Then the armature g, having a slight
tendency to approack to the clamping-pole m/,
comes out of contact with the releasing-pole»’.
As soon as this happens, the current through
the part p’ is interrupted, and the whole cur-
rent passes through the part . The magnet
M is now strongly magnetized, the armature
g is attracted, and the rod clamped. At the
same time the armature-lever Lis pulled down
out of its normal position and the are started.
In this way the lamp cuts itself out automatic-
ally when the arc gets so long, and reinserts
itself automatically in the circuit if the car-
bons drop together.

It will be seen that the cut-out may be modi-
fied without departing from 'the spirit of my
invention, as long as the shunt-magnet closes
a eircuit including a wire upon the main mag-
net and continues to keep the contact closed,
being magnetized by magnetic induction from
the main magnet. It is also obvious to say
that the magnets and armatures may be of any
desired shape.

I claim as my invention—

1. The combination, in an are-lamp, of a
main and a shunt magnet, an armature-lever
to draw the are, a clamp, and an armature to
act upon the clamp, a clamping-pole and a
releasing-pole upon the respective cores, the
cores, poles, armature-lever, and clamping-
armature forming a compound electro-magnet,
substantially as set forth.

2. The combination, in an electric-arc lamp,
of a earbon-holder and its rod, a clamp for
such carbon-holder, a clamping-armature con-
nected to the clamp, a compound electro-mag-
net controlling the action of the clamping-ar-
mature, and electrie-circuit eonnections, sub-
stantially as set forth, for lessening the mag
netism of the compound magnet when the are
between the carbons lengthens and augment-
ing the magnetism of the same when the arc
is shortened, substantially as described.

3. The eombination, with the carbon-hold-
ers in an electrie lamp, of a clamp around
the rod of theupper-carbon holder, the clamp-
ing-armature connected with said clamp, the
armature-lever and connection from the same

B

to the clamp, the main and shunt maguets,
and the respective poles of thesame toactupon
the clamping -armature and armature-lever,
respectively, substantially as set forth.

4. In an electric-arc lamp, a cat-out con-
sisting of a main magnet, an armature, and a
shunt-magnet having an insulated pole-piece,
and the cut-out eircuit-connections through
the pole-piece and armature, substantially as
set forth.

5. In an electric-arc lamp, the combination,
with the carbon-holder and magnets, of the
armatures L and g, link ¢, clamp », and lever
t, and the spring ¢, for the purpose set forth.

6. In an electric-arclamp, the combination,
with two upright magnets in the main and
shunt cirenits, respectively, having curved
pole-pieces on one end and converging pole-
pieces on the other end, of a flat Z-shaped
armature - lever between the curved pole-
pieces and a elamping-armature between the
convergent pole-pieces, substantially as de-
scribed.

7. The combination, in an electric-are lamp,
of an electro-magnet in the main circuit and
an electro-magnet in the shunt - cirenit, an
armature under the influence of the poles of
the respective magnets, and circuit-connec-
tions controlled by such armature to cut out
or shunt the lamp, substantially as specified,
whereby the branch ecircuit is closed by the
magnetism of the shunt-magnet, and then kept
closed by induced magnetism from the main
magnet, substantially as set forth.

8. The combination, with the carbon-holder
and rod and the main and shunt magnets, of
a feeding-clamp, an armature for the same,
clamping and releasing poles upon the cores
of the respective magnets, and circuit-connec-
tions through the elamping-armature, substan-
tially as specified, for shunting the current
when the electric arc between the carbons be-
comes abunormally long, substantially as set
forth.

9. The combination, with the earbon-hold-
ing rod and a clamp for the same, of an ar-
mature upon the clamp, a shunt-magnet the
pele of which acts to release the clamp, and a
main magnet with a two-part helix, one por-
tion being in the main circuit and the other
portion inashunt or cut-out circuit, the clamp-
ing-armature acting to close said cut-out cir-
cuit when the arc becomes too long and to
break theshunt-circuit whenthe earbons come
together, substantially as set forth.

Signed by me this 11th day of July, A. D.
1885.

: NIKOLA TESLA.
‘Witnesses:
Gro. T, PINCRNEY,
Wirriayn G. Morr.
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PaTenT OFFICE.

NIKOLA TESLA, OF NEW YORK, N. Y.

METHOD OF OPERATING ARC LAMPS.

SPECIFICATION forming part of Letters Patent No. 447,920, dated March 10,1891.

Application filed October 1, 1890,

To all whom it may concern:

Be it known that I, NIkovLA T®SLA, a sub-
ject of the Emperor of Austria-Hungary, re-
siding at New York, in the county and State
of New York,haveinvented certain new and
useful Improvements in Methodsof Operating
Arce Lamps, of which the following is a speci-
fication.

This invention consists in an improved
method of operating electric-arc lamps which
are supplied with alternating or pulsating
currents.

It has now become a common practice to
run are lamps by alternating or pulsating as
distinguished from continuous currents; but
an objection to such systems exists in the fact
that the arcs emit a pronounced sound, vary-
ing with the rate of the alternations or pulsa-
tions of current,butunderany circumstances
constituting an objectionable and disagree-
able feature, for which heretofore no effective
remedy has been found or proposed. This
noise isprobablydue totherapidlyalternating
heating and cooling and consequent expan-
sion and contraction of the gaseous matter
forming the arc which corresponds with the
periods or impulses of the current, for I have
succeeded in abating it and producing quiet
and smoothly-acting lamps by increasing, per
unit of time, the number of alternations or
pulsations of the current producing the arc
to such an extent that the rate of the vibra-
tions or changes in the are producing the
noise approximately equals or exceeds that
which is generally regarded as the limit of
audition. Forexample,I mayusea generator
which produces ten thousand or more alter-
nations of current per second. Insuch a case
the periodical heating and cooling of the arc
would oceur with such rapidity as to produce
little or no perceptible effect upon the ear.

There are a number of ways in which the
current may be varied at a rate exceeding
the limit of audition, but probably the most
practicable known to me at present is by the
use of an alternating-current generator with
a large number of poles, and specially con-
strueted for the purpose. Sucha generator, for
the purpose of the illustration of this case, I
have shown in the accompanying drawings.

TFigure 1 1is a view of the generator in side
elevation. Fig.-2 is a vertical cross-section

Serial No. 366,734, (No model.)

of the same with a diagram of the cirenit-con-
nections. Iig. 3 is an enlarged view, in side
elevation, of a part of the machine. Tig. 4 1is
an enlarged sectional detail of the armature
and field. Fig. 5 is a detail section of the
field-magnets exhibiting the plan of winding.

A is an annular magnetic frame supported
by the cross-bars or brackets B, provided with
feet C, npon which the machine rests., The
interior of the annulus A is provided with a
large number of projections or pole-pieces D.
These may be formed or applied in a variety
of ways—as, for example, by milling trans-
verse grooves E,

Owing to the very large number and small
size of the polesand thespaces between them,
I apply the exciting or field coils by winding
an insulated conductor ¥ zigzag through the
grooves,as shown in Ifig. 5, carrying said wire
around the annulus to form as many layers
as is desired. In this way the pole-pieces D
will be energized with alternately opposite
polarity around the entire ring.

For the armature I employ a spider or cir-
cular frame G on a driving-shaftH, mounted
in bearings in the brackets B. This spider
carries a ring J, turned down, except at its
edges, to form a trough-like receptacle for &
mass of fineannealed iron wires X, which are
wound in the groove to form the core proper
for the armature-coils. Pins Lare set in the
sides of the ringJ,and the coils M are wound
over the periphery of the armature-structure
and around the pins. The coils M are con-
nected together in series, and these terminals
N carried through the hollow shaft IT to con-
tact-rings P P, from whence the currents are
taken off by brushes O. In this way a ma-
chine with a very large number of poles may
be constructed. It is easy, for instance, to
obtain in this manner three hundred and
seventy-five to four hundred poles in a ma-
chine that may be safely driven at a speed of
fifteen hundred or sixteen hundred revolu-
tions per minute, which will produce ten
thousand or eleven thousand alternations of
current per second. Arc lamps R R arve
shown in diagram as connected up in series
with the machine in ¥ig.2. If sucha current
be applied to running are lamps, the sound
produced by or in the arc becomes practically
inaudible,for by inereasing the rate of Change
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in the current, and consequently the number
of vibrations per unit of time of the gaseous
material of the are upto or beyond ten thou-
sand or eleven thousand per second, or to
what is regarded as thelimit of audition, the
sound due to such vibrations will not be au-
dible. The exact number of changes or un-
dulations necessary to produce thisresult will
vary somewhat according to the size of the
arc—that is to say, the smaller the arc the
greater the number of changes that will be
required to render it inaudible within certain
limits. Of course, as the rate of alternations

orundulations for a given size of arcbecomes
very high the sound produced is less percep-
tible, and hence for some purposes the actual
limit of audition may only be approached,
provided the sound be rendered practically
inaudible.

447,920

Another advantage gained by increasing as
above set forth the number of alternations
is that the arc acts more like that produced
by a continuous ecurrent, in that it is more
persistent, owing to the fact that the time in-
terval between undulations is so small that
the gaseous matter eannot cool down so far
as to increase very considerahlyin resistance.

I claim— :

20

25

The method of abating or rendering inau- .

dible the sound emitted by are lamps sup-
plied with or operated by an alternating or
pulsating current by increasing the rate of
such alternations or pulsations up to that of
the limit of audition, as set forth.
NIKOLA TESLA.
Witnesses:
FrANK B. MURPHY,
RAPHARL NETTER.
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UNITED STATES

PaTENT OFFICE.

NIKOLA TESLA, OF NEW YORK, X. Y.

SYSTEM OF ELECTRIC LIGHTING.

SPECIFICATION forming part of Letters Patent No. 454,622, dated June 23,1891,

.Application filed April 26,1891,

To all whom it may concern:

Be it known that I, NixoLa TESLA, a sub-
ject of the Emperor of Austria-ITungary, from
Smiljan, Lika, border country of Austria-Ilun-

" gary,and aresident of New Y ork,in the county

and State of New York, have invented ecertain
new and useful Improvements in Methods of
and Apparatus for Electric Lighting, of which
the following is a specification, reference be-
ing had to the drawings accompanying and
forming a part of the same: Co

This invention consists in a novel method
of and apparatus for producing light by means
of electricity.

Jor a botter understanding of the inven-
tion it may be stated, first, that heretofore I
have produced and employed currents of very
high frequency for operating translating de-

- vices, such as electric lamps, and, secend,

22

that currents of high potential have also been

" produced and employed for obtaining lumi-

nous effects, and this, in & broad sense, may .

be regarded for purposes of this case as the
prior state of the art; but I have discovered
that results of the most useful character may
be secured under entirely practicable condi-
tions by means of electric currents in which
both the above-deseribed condifions of high
frequency and great difference of potential
are present. In other words, I have made the

“discovery that an electrical current of an ex-

cessively small period and very high poten-

- tial may be utilized economically-and prac-
- ticably to great advantage for the produetion

40

- 45

‘heretofore been regarded as practicable.

of light. S
It is difficult for me to define the exact lim-

[itsof frequency and potential within which my

discovery is comprised, for the results ob-
tained are due to both conjointly; butIwould
make it clear that as to the inferior limits of
hoth, the lowest frequency and potential that
1 contemplate using are far above what hm{e
As
an instance of what I regard as thé lowest
practicable limits I would state  that I have

. obtained fairly good results by a frequency

as low as fifteen thousand to twenty thousand

. per second and a potential of about twenty

50

thousand volts.

Both frequency and poten-
tial may be erormously increased above these
figures, the practical liniits being determined
by the character of the apparatus and its ca-

Serial No. 390,414, (No model.)

pability of standing the strain. Ido not mean
by the term “excessively small period” and
similar expressions herein to imply that I
contemplate any number of pulsations or vi-
brations per second approximafing to the
number of light-waves, and this will more
fully appear from the deseription of the na-
ture of invention which is hereinafter con-
tained.

The carrying out of this invention and the
full'realization of the conditions necessary to
th= attainment of the desired results involve,
first, a novel method of and apparatus for

producing the currents or electrical effects of

the character described; second, a novel
method of utilizing and applying the same
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for the production of light, and, third, a new .

form of translating device or light-giving ap-
pliance. These I shall now deseribe.

7¢

‘T'oproduce acurrent of very high frequeney

and very high potential, certain well-known

devices may be employed. TFor instance, as
the primary source of current or electrical
energy a continnous-current generator may

be used, the circuit of which may be inter-

75

rupted with extreme rapidity by mechani- -

cal devices, or a magneto-electric machine
specially constructed to yield alternating eur-
rents of very small period may be used, and
in either case, should the potential be too low,
an induction-coil may be employed to raise it;
or, finally, in order to overcome the mechani-

cal’ difficulties, which in such cases hecome

practieally insuperable before the best results
are reached, the principle of the disruptive
discharge may be utilized. 1y means of this
latter plan I produce a much greater rate of
change in the current than by the other means

suggested, and in illustration of my invention

Ishall confine the description of the meansor

"apparatus for producing the current to this

plan, although I would not be understood as
limiting myself to its use.” The current of
high frequency, therefore, that is necessary
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to the successful working of my invention I~

produce by the disruptive discharge of the
accumulated energy of a condenser main-
tained by charging said condenser from a
suitable source and discharging it into or

through a circuit under proper relations of
self-induction, capacity, resistanee,and period

in well-understood ways,  Sueh a discharge is

100
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known to be, under proper conditions, inter-

- mittent or oseillating incharacter, and inthis

o

20

way & current varying in strength atan enor-
mously rapid rate may be prodneed, IHaving
produced in the above manner a current of ox-
cessive frequency; I obtain from i by means
of an induction-coil enormously high poten-
tials—that is to say, in the ecirewit through
which or into.which the disraptive discharge
of the condenser takes place I include the pri-
mary of asuitable induction-coil, and by 2 sec-
ondary coil of much longer and finer wire { con-
vert to currents of extremely high potential.
The differences in the length of the primary
and secondary coils in connection with the
enormously rapid rate of change in the pri-
mary current yield a secondary of encrmous
frequency and excessively high potential.
Such currents are not, so far as I am awars,
availablefor use in the usual ways; but I have
discovered that if I connect to either of the
terminals of the secondary coil or sonree of
carrent of high potential the leading-in wires

- of such a device, for example, as an - ordi-

25

nary incandescent lamp, the carbon may be
brought to and maintained at incandesgconcs,
or, in general, that any body eapable of com-

. Gucting the high-tension current described

30
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and properly inclosed in o rarefied or ex-
hausted receiver may be rendered luminous
or incandescent, either when connected di-
rectly with onée terminal of the secondary
source of emergy or placed in the vieinity of
such terminals so ag to be acted upon induct-
ively. ’

Without attempting a deteiled explanation
of the causes to which this phenomenon may
be ascribed, I deem it sufficient to state that,
assuming the now generally accopted theorias
of scientists to be correet, the effects thus
produced are attributable to melecular bom-

- bardment, condensér action, and electric or

45

etheric disturbances. Whatever part each
or any of these causes may playin producing
the effects noted, it is, however, a fach that a
strip of carbon or a mass of any other shape,
either of carbon or any more or less conduct-
ing substance in a rarefied or exhausted re-

. ceiver and connected directly or inductively

1
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to a source of electrical energy such as I
have described, may be maintained at inean-
descenceif the frequenecy and potential of the
current be sufficiently high, < .

I would here state that by the terms © eur-
rents of high frequency and high potential”
and similar expressions which I have used in
this description I do not. mean, necessarily,
currentsin the usual acceptanceé of the term,
but, generally speaking, electrical disturb-
ances or effects such as would be produced in
the secondary source by the action of the
primary disturbance or electrical effect, -

It is necessary to observe in carrying out

¢ -this invention that care must be taken to re-

65’

duce to a-minimum the opportunity for the
- . dissipation of the energy from the conduetors

ondary §'.

sired, one terminal may

-wallg-should be coated with
conducting substance in order thag they may

intermediate to the source of current and the
light-giving body. ¥or this purpose the con-
ductors should be free from projections and
points and well covered oreoated witha good
insulator.

The body to be rendered incandescent
should be selected with a view to its capa-
bility of withstanding the action to whieh it
is exposed without being rapidly destroyed,
for some conductors will be mueh more speed-
ily consumed than others, o

I now refer to the accompanying drawings,
in which—

Figure 1 is a diagram of one of the special
arrangements that I have employed in carry-
ing out my diseovery, and Figs. 2 and 3 ave
vertical sectional views of modified forms of
light-giving devices that I have dovised for
use with the gystem.

I would state that as all of the apparatus
herein shown, with the exception of eertsin
special forms of lamp invented by me, is or
may be of well-known construction and in
common use for other purposes, I have indi-

cated such well-known parts therefor by con-

ventional representations,

G is the primary source of current or elec-
trical energy. Ihave explained above how
various forms of generator might be used for
this purpose; but in the present illustration
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I assume that G is an alternating-current -

generator of comparatively low eleciro-motive
force. Under such circumstances I raise the
potential of the current by means of an in-
duction-coil having a primary P and a see-
ondary 8. Then by the current developed in
this secondary I charge a condenser G, and
this condenser I discharge through or into 2,
cireuit A, having arn air-gap g, or, in general,
means for maintaining a disruptive discharge.
By the means above described a current of
enormous frequency is produced. My object
is next to convert this into s working-eireunis
of very high potential, for which purpose I
connect up in the circuit A the Jprimary P’ of
an induction-ceil having a long fine wire see-
The current. in {

trical effect of corresponding frequency, but
of enormous difference of potential, and the

' secondary 8’ thus becomes the source of the

energy to be applied to the purpose of pro-
duecing light. :

The light-giving devices may be connecfed-

to either terminal of the secondary §°, If de-
conducting-wall W of ‘a room or space to be
lighted and the other arranged for con naction
of the lamps therewith. In such case the
some metallic or

have sufficiant conductivity, |

The lamps or light-giving devices may be
an ordinary ineandescent lamp; but I prefér
to,use specially-designed lamps, examples of
which T have 'shown in-detail in the draw-

be connected to g’

e

Ic

11

the primary P’ -
develops in the secondary$’ s current or olae-"

I:
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~ the interior of the neck of the globe, and’
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ings. This lamp consists of a ravefied ‘or
exhausted bulb or globe which incloses &
refractory conducting body, as carbon, of
comparatively small bulk and any desired
shape. This body is to be connected to the
secondary by one or more conductors sealed
in the glass, as in ordinary lamps, or is ar-
ranged to be inductively connected thereto.
For this last-named purpose the body is in
electrical contact with a metallic sheet in

on the outside of said neck is a second sheet
which is to be connected with the source of
current. These two sheets form the arma-
tures of a condenser, and by them the cur-
rents or potentials are developed in the light-
giving body. ~Asmany lamps of this orother
kinds may be connected to the terminal of §°
asthe energy supplied is capable of maintain-
ing at incandescence. .

In Fig. 8, b is a rarefied or exhausted glass
globe or receiver, in which is a bedy of car-
Don or other suitable conductor e. To this
body is connected a metallic conductor f;
which passes through and is sealed in the
glass wall of the globe, outside of which it is
united to a copper or other wire g, by means
of which it is to be electrically connected te

one pole or terminalof the source of current. |.

Outside of the globe the conducting-wires are
protected by a coating of insulation h,ofany
suitable kind, and inside the globe the sup-
porting-wire is inclosed in and insulated by a
{ube or coating % of a refractory insulating
substance, such as pipe-clay or the like. A
veflecting-plate 7 is shown applied to the out-

gide of the globe b. This form of lamp is a '

- type of those designed for direct electrical
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conncetion with one terminal of the source
of current; but, as above stated, there need
not be a direct connection, for the carbon or
otherillnminating body may be rendered lami-
nous by induective action of thecurrent there-
on, and this may be brought about in sev-
eral ways. The preferred form of lamp for
this purpose, however, is shown in Fig. 2.
In this figure the globe b is formed with a ey-
lindrical neck, within which is a tube or sheet
m of conducting material on the side and
over the end of a cylinder or plug » of any
suitableinsulating material. Theloweredges
of this tube are in electrical contact with a
secured to the eylinder n, all
the exposed surfaces of such plate and of the
other conductors being carefully coated and
protected by. insulation. The light-giving
body e, in this case a straightstem of carbon,

. is electrically connected with the said plate

.. by

6o

" ‘of the globe
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a wire or conductor similar to the wire f,
Fig. 3, which is.coated in like manner with a
refractory insulating material I The neck
fits into a socket composed of an
insulating tube or cylinder 7, with a more or
Jess complete metallic lining s, electrically
connected by a metallic head or plate 7 with
a condnetor g, that is to be atfached to one

pole of the source of current. 'The metallic
lining s and the sheet m thus compose the
plates or armatures of a condenser.

~ This invention is not limited to the special
means described for producing the results
hereinabove set forth, for it will be seen that
various plans and means of producing cur-
rents of very high frequency are known, and

also means for producing very high poten-

tials; but I have only described -herein cer-
tain ways in which I have practically carried
out the invention.

What I claim is—

‘1. The improvement in the art of electric
lighting herein described, which consists in
generating or producing for the operation of
the lighting devices currents of enormous fre-
quency and excessively high potential, sub-
stantially as herein described.

2. Themethod of producing an electric cur-
rent for practical application, such as for elec-
tric lighting, whielh consis’s in generating or
producing a current of encrmous frequency
and inducing by such current in a working
circuit, or that to which the lighting devices
are connected, a current of corresponding
frequency and excessively high potential, as
set forth. . i .

3. The method of producing an electric cur-
rent for practical application, such as for elec-
triclighting, which consists in charging a con-
denser by a given current, maintaining an
intermittent or oscillatory discharge of said
condenser through or into a primary eireuit,
and produeing thereby in a secondary work-
ing-circuit in inductive rclation to the pri-
mary very high potentials, as set forth.

4."The method of producing electrie light
by incandescence by electrically or induect-
ively connecting & conductor inclosed in a

rarefied or exhausted receiver to one of the
poles or terminals of a source of electric
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energy or current of a frequency and poten- .

tial sufficiently high to render said body in-
candescent, as set forth. K , .

5. A system of electrie lighting, consisting
in the combination, with a source of. electric

‘epergy or current of enormous frequency

and excessively high potential, of an incan-
descent lamp or lamps consisting of a con-
ducting body inclosed in a rarefied or ex-
hausted receiver and connected direetly or
inductively to one pole or terminal of the
source of energy, as set forth.

6. In a system of electrie lighting, the com-
bination,with asourceof currents of enormous
frequency and -excessively high potential,
of ineandescent lighting devieces, each con-
sisting of a conducting body inclosed in a
rarefied or exliausted receiver, said conduct-
ing body being connected directly or induct-
ively to one pole or terminal of the source of
current, and a conducting body or bodies in
the vicinity of said lighting devices con-
nected to the other pole or terminal of said

‘souree, as set ferth.
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7. In g system of electric lighting, the com-
bination, with asoures of currents of snormons
ireguency of excessively high potential, of
lighting deviees, each consisting of & con-
dusting body inclosed in a rarefied or ex-

hansted recoiver and connsctod by conduet-

ors direstly or inductively with one of the

ferminals of said soutee, all paris of the con-

duetors intermediate to the said source and
the light-giving body beinginsulated and Pro- X
tected to prevent the dissipation of the elec-
tric energy, as herein set forth.
' NIKOLA TESLA..
Witnesses:
PARKER W. PacR,
M. G. Tragy.
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UNITED STATES

PaTENT OFFICE.

NIKOLA TESLA, OF NEW YORK, N. Y.

'ELECTRIC INCANDESCEN‘T LAMP.

SPECIFICATION fbrming part of Letters Patent No. 455,069, dated June 30, 1891,
. ’ e

Application filed May 14, 1891,

To all whom it may concern:

Be it known that I, NIKOLA TESLA, a sub-
Jjeet of the Emperor of Austria, from Smiljan,
Lika, border country of Austria-Hlungary, re-
siding at New York, in the eounty and State
of New York, have invented certain new and
usefal Improvements in Electric Incandes-
cent Lamps, of which the following is a speci-
fication, reference being had to the draw-
ings accompanying and forming a part of the
same.

My invention-is a new form of lamp for
giving light by the incandescence of carbon
or other suitable refractory conductor pro-
duced by electrical energy.

In order to more distinetly point out those
features which distinguish my invention, I
would state that heretofore electric lamps
have been made, first, by mounting a re-
fractory conductor on metallic supporting-
wires leading into a hermetically-sealed re-
ceiver from which the air has been exhausted
or replaced by an inert gas, and, second, by
placing two independent conductors in a re-
ceiver or globe and partially exhausting the
air therefrom. In the first case the carbon
or other conductor is rendered incandescent
by the actual flow or passage of a current
through it, while in the second the luminous
effects, as heretofore produced, or, in faect,

the only luminous effects that could be pro-

duced by any means heretofore known, were
due to an actual discharge of current from
one conductor to the other across the inter-
mediate space of rarefied air or gas.

It may be further remarked that in various
forms of Geissler or vacuum tubes the termi-
nals or points within the tube become or have
a tendency to become heated by the action
of the high-tension secondary discharge. In
such tubes, however, the degree of exhaustion
is comparatively low, as a high vacuum pre-
vents the well-known Geissler discharge or
effect. Moreover, with such low degrees of
exhaustion the points or wires, if heated and
allowed to become incandescent, are speedily
destroyed. . N

I have discovered that two conducting-
bodies mounted in a very highly exhausted
receiver may be rendered incandescent and
practically utilized as a source of light if
connected directly or induectively to the ter-

Serial No. 392,669, (No model.)

minals of a source of current of very great
frequency and very high potential.

The praetical requirements of this inven-
tion are widely different from those employed
in producing any of the phenomena hereto-
fore observed, such differences being mainly
in respect to the current, which must be one
of enormous frequency and of excessively
high potential, and also to the degree of ex-
haustion of the globe or receiver, which must
be carried at least beyond the point at which

“a spark.«will pass, or to the condition known

as a “non-striking vacuum,” and it may be
as much farther as possible. :

This application is confined to a particular
form of lamp which I employ in anew system
invented by me, which system involves, as
one of its essential characteristics, the em-
ployment of currents or electric effects of a
novel kind. ‘In an application filed by me
April 25,1891, No. 890,414, I have shown and
described this system in detail, and I there-
fore deem it sufficient.for the present case to
say that the lamps herein described, while
utterly inoperative on any of the circuits now,
or, so far as I am aware, heretofore employed
become highly efficientsources of light if the
frequency of the current by which they are
operated be sufficiently great and the poten-
tial sufficiently high. 7To produce such cur-
rents, any known means may be utilized or
the plan describedin mysaid application fol-
lowed of disruptively discharging the accumu-
lated energy in a condenser into or through
a primary cireuit to produce a current of very
high frequency, and inducing from this cur-
rentacecondary current of avery much higher
potential..

. I now refer to the drawings in iilastration
of the invention.

Figure 1isavertical sectional viewof a lamp
constructed with leading-in wires for direct
connection with a c¢irenit or souree of current.
Fig. 2 is a similar view of a form of lamp ar-
ranged for inductive connection with such
source.
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The common methods or steps followed in -

the manufacture of the ordinary incandescent
lamps and Geissler tubes may be employed
in the manufacture of these improved lamps
as far as applicable. :

A is a glass globe or receiver with a neck
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or base B. Conducting-wires C C enter this
globe and are sealed in the walls thereof.
The entering wires C aresurrounded by small
tubes or cups D. The joints between the
wires C and the incandescing conductors are
made within these cups in any ordinary man-
ner, and the lower parts of the cups are filled
with bronze-powder E or other suitable ma-
terial to effect a good electrical connection.
The cups ave then filled up with fire-clay or
other refractory. non-conductor I, which is
molded around the carbons G. The carbons or
other refractory conductors or semi-conduet-
ors G arecompletelyisolated fromone another.
They are here shown as slender strips; but
they may have any other desired shape.
Lamps thus made are attached to a vacu-
um-pump in the usual way. After the pro-
cess of exhaustion has been carried on for
some time they are brought toincandescence
by a suitable carrent, by which the fire-clay
is thoroughly baked and the occluded gases
are driven off. The exhaustion is carried to
the highest possible point, and the globe
finally sealed oft at II. Inasmuch as thereis
a tendency to sparking when the current is
turned on before the exhaustion hias been
carried very high, it is well, when the char-
acter of the carbon admits of i, to causetheir
ends to approach, in order that the sparks
may leap across between such points, where-
by the danger of injury to the carbons or the
lamp is lessened. The conductors outside the
globe, as well as all those which convey the
eurrent from the souree, should be carefully
insulated to prevent the dissipation of the
current. »

In lieu of connecting the two carbons di-
rectly to the circuit through leading-in wires,
provision may be made for inductively con-
necting them, as by means of condensers.
Fig. 2 shows a form of lamp of this descrip-
tion that I have employed. The globe A has
two extended tnbular portions B B’. Inside
of these tubular extensions are condenser-
coatings KX K'.

J J ave plugs of fire-clay or the like con-
tained in the extensions B I3/, The two con-
ductors G G are supported by these plugs
and connected by metallic strips M with the
condenser-coatings K K, respectively. Over
the outside of the extensions B B’ are fitted
insulating-caps N N/, having metallic linings
O 0, with terminals adapted for connection
with the eireuit-wires. With such currents
as are employed to operate these lamps. con-
densers of small capaeity, such as those thus
made, transmit the energy from the outside
cirenit to the carbons within the globe with
little loss. 'Thislampis exhausted andsealed
off from the pump in the same mannerasthat
first deseribed. There is no electrical con-

nection at any time between the two carbons
of this lamp and no visible discharge or trans-
fer of eurrent from one to the other through

b 455,069

the highly-rarefied medium between them.

The fact, therefore,.of their being rendered.

incandescent by the action of such a current
as I have deseribed seems to be mainly at-
tributable to condenser action.

The carbons, or whatever substance may
be used in their stead, may be of any desired
form and may be placed in different relative
positions.

The manner of making the lamp and the
general form of the lamp as a whole may be
varied in numberless ways. I have merely
shown herein typical forms which embody
the principle of the invention and which by
experience I have demoustrated to be prac-
tical lamps.

As the lamps which I employ and which
are made as above deseribed are absolutely
inoperative in any system from which the
hereinbefore- described conditions of poten-
tial and frequency are absent, so the various
lamps heretofore devised for use with high-
potential currents,in which the exhaustion, of
necessity, has not been carried to or beyond
the non-striking point, are practically worth-
less in my new system, and this is the distin-
guishing feature of noveltyin my lamps—viz.,
that they are exhausted to or beyond the non-
striking point.

What I claim as my invention is—

1. An inecandescent lamp consisting of two
isolated refractory conductors contained in a
non-striking vacuum and adapted to produce
light by incandescence, each being provided
with a terminal for connection with a source
of electrical energy, as set forth.

"9, The combination, with a globe or re-
ceiver exhausted to the non-striking point, of
two isolated bodies of refractory conducting
material adapted to emit light by incandes-
cence and mounted within said globe, and
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means for conneciing said Dbodies with ihe

two poles or terminals, respectively, of a
source of electrical energy.

3, In an incandescent electric lamp, the
combination, with a globe or receiver ex-
hausted to the non-striking point, of metallic
wires sealed therein, a refractory body
mounted on or electrically connected to each
wire, the said wires within the globe and such
parts of the refractory body as are not to be
rendered incandescent being coated or cov-
ered with insulation, as set forth.

4. The combination, with a globe or re-
ceiver exhausted to the non-striking point, of
metallic wires sealed therein, a refractory
conductor united to each of said wires with-
in the globe, an insulating-covering around
the wires and joint, and a refractory insulat-
ing-body surrounding the refractory conduet-
ors near the joint, as set forth.

NIKOLA TESLA.

Witnesses:

Roptr. E. GAYLORD,
PARKER W. PAGE.
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UNITED STATES

PaTeEnT OFFICE.

NTKOLA TESLA, OF NEW YORK, N. Y. | .

ELECTRICAL METER.

SPECIFICATION forming part of Letters Patent No. 455,068, dated June 30, 1891.
Application filed March 27,1891, Serial No. 386,666, (No model.)

To all whom ¢t may concern:

i Be it known that I, NIKOLA "T'ESLA, a sub-
Jject of the Emperor of Austria,from Smiljan,
Lika, border country of Austria-Hungary, and
aresidentof New York,in the county and State
of New York, have invented certain new and
useful Improvements in Electrical Meters, of
which the following is a specification, refer-
ence being had to the drawings aceompany-
ing and forming a part of the same.

My invention pertains to methods of and
apparatus for estimating the electrical energy
that has been expended in an electric cireuit
or any given portion of the same.

The principle of theinvention is embodied.

in any form of apparatus in which a con-
ductor immersed in an electrolytic solution is
so arranged that metal may be deposited upon
it or taken away from it in such manner that
its electrical resistance is varied in a definite
proportion to the strength of the current the
energy of which is to be computed, whereby
such variation in resistance may serve as a
measure of the energy or may be utilized in
various well-understood waysto bring into ac-
tion suitable automatic registering mechan-
ism when the resistance exceeds or falls below
predetermined limits.

In carrying out my invention I prefer to
employ an electrolytic cell, through which ex-
tend two conductors parallel and in close
proximity to each other. Iconnect these con-
ductors in series through a resistance, but in
such manner that there isan equal difference
of potential between them throughont their
entire extent. The free ends or terminals of
the conductors are connected either in series
in the cireunit supplying the current to the
lamps or other devices or in parallel to a re-
sistance in the said circuit and in series with
the translating devices. Under such cireum-
stances a current passing through the con-
ductors establishes a difference of potential
between them which is proportional to the
strength of the current, in consequence of
which there is a leakage of current from one
conductor to the other across the solution.
The strength of this leakage current is pro-
portional to the difference of potential, and,
therefore, in proportion tothe strength of the
current passing through the conductors.
Moreover, as there is a constant difference of

po‘renti,-«:l between the two conductors through-
out the entire extent that is exposed to the

solution, the current density through such so--

lation is thesame atall corresponding points,
and hence the deposit is uniform along the
whole of one of the conductors, while the
metal is taken away uniformly from the other.,
The resistance of one conductor is by this
means diminished, while that of the other is
increased both in proportion to the strength
of the current passing through the conductors.
From such variation in the resistance of either
or both of the conductors forming the positive
and negative electrodes of the cellthe current
energy expended may be readily computed.

Other modified arrangements of the con-
ductors are contemplated, as will be under-
stood from the following description and ref-
erence to the drawings.

The figures are diagrams showing the me-
ter in operative relations to a working-cireuit
and under slightly-modified arrangements.

In Fig: 1, G designates a sunitable direct-
current generator. L I. are the conductors
of the cirenit extending therefrom and in-
cluding and supplying lamps or other trans-
lating devices T.. A is a tube, preferably of
glass, the ends of which are sealed, as by
means of insulating plugs or caps BB. CC’
are two conductors extending through the
tube A, their ends passing out through the
plugs B to terminals thereon. These con-
ductors may be corrngated or formed in other
proper ways to offer the desired electrical re-
sistance. R is a resistance connected in se-
ries with the two conductors C C’, which by
their free terminals are connected up in the
circuit of one of the conduetors L. .

The method of using this device and com-
puting by means thereof the energy of the
current will be readily understood. First,
the resistances of the two conductors C C/,
respectively, are accurately measured. and
noted. Then a kuowh current is passed
through the instrument for a given time, and
by a second measurement the increase and
diminution of the resistances of the two con-
ductors respectively taken. I'rom these data
the constant is obtained—that is to say, for
example, the increase of -resistance of one
conductor or the diminution of the resistance
of the other per lamp-hour. These two meas-
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urements evidently serve as a check, since
the gain of one conductor should equal the
loss of the other. A further check is afforded
by measuring both wires in series with the re-
sistance, in which case the resistance of the
whole should remain constant.

In Fig. 2 the conductors C C’ are connected
1:11 parallel, the current device at X pass-
ing in one branch first through a resistance
R’ and then through conductor C, while in
the other branch it passes first through con-
ductor (/, and then through resistance R
The resistances R’ R’ are equal, as also are
the resistances of the conductors C ¢’. It is,
moreover, preferable that the respective re-
sistances of the conductors C €’ should be a
known and convenient fraction of the coils
or resistances R’ R”. It will be observed
that in the arrangement shown in Fig. 2there
is a constant potential difference between the
two eonductors C C’ threcughout their entire
length.

It will be seen that in both cases illus-
trated the proportionality of the inerease or
decrease of resistance to the current strength
will always be preserved, for what one con-
ductor gains the other loses, and the resist-
ances of the conductors C C’ being small as
compared with the resistances in series with
them. It will be understood that after each
measurement or registration of a given varia-
tion of resistance in one or both conductors
the direction.of the current should be changed
or the instrument reversed, so that the de-
posit will be taken from the conductor which
has gained and added to that which has lost.
This principle is capable of many modifica-
tions. For instance, since there is a section
of the eircuit—to wit, the conductor C or ¢'—
that varies in resistance in proportion to the
current strength, such variation may be util-
ized, as is done in many analogous cases, to
effect the operation of various automatic de-
vices, such as registers. I prefer, however,
for the sake of simplicity to compute the en-
ergy by measurements of resistance.

The chief advantages of thisinvention are,
first, that it is possible to read off directly the
amount of the energy expended by means of
a properly-constructed ohm-meter and with-
out resorting to weighing the deposit; second,
it is not necessary to employ shunts, for the
whole of the current to be measured may be
passed through the instrument; third, the ac-
curacy of the instrument and correctness of
the indications are but slightly affected by

455,068

changes in temperature. Inaddition to these
advantages the invention possesses the merit
of economy in the waste of energy and sim-
plicity, compactness, and cheapness in con-
struction.

What I claim is—

1. The method of computing the amount of
electrical energy expended ina given time in
an electrie cirveuit, which consists in main-

_taining by the current a potential difference

between two conductors in an electrolytic so-
Tution uniform throughout the whole extent
of suech conductors exposed to the solution
and measuring the variation of the resistance
in one or both of said conductors due to the
gain or loss of metal by electro-deposition, as
set, forth.

2. The combinalion, with an electric eir-
cuit, of a meter composed of an electrolytic
cell and two conductors passing through the
same, the said conductors being in or con-
nected with the main eirenit and so that a
potential difference uniform throughout the
whole extent exposed to the solution will be
maintained between them, as set forth.

3 The combination, with an eleetric cir-
cuit containing translating devices, of a me-
ter composed of an electrolytic cell and two
conductors passing through the same and
connected in series with the translating de-
vices, and one or more resistances connected
therewith for establishing a potential differ-
ence between the two conductors through the
solution of the cell, as set forth.

4. An eleetrical meter consisting of an elec-
trolytic cell, two parallel conductors extend-
ing through the same, the said conductors be-
ing connected together in series through a re-
sistance and having terminals at their free
ends for connection with a cireuit, these parts
being combined in the manner substantially
as set forth.

5. An electric meter econsisting of a tubular
cell containing an electrolytic solution and
closed at the ends,two parallel conductors ex-
tending through the cell, a resistance-connec-
tion between the end of one conductor and
the opposite end of the other, and terminals
for the remaining ends of the respective con-
ductors, these parts being combined as set
forth.

NIKOLA TESLA.

Witnesses:

ROBT. K. GAYLORD,
PARKER W. PAGE.
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PateENT OFFICE.
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ELECTRICAL METER. -

SPECIFICATION forining part of Letters Patent No. 514,978, dated February 20, 1894,
: Application filed December 15,1893, . Sexial No, 493,739, (No model.)

To all whom t& may concermn:

Beit known that T, NIKOLA TESLA, a citizen
of the United States,residing at New York, in
the county and State of New York, have in-
vented certain new and useful Improvements
in Electrical Meters,of which the following is
a specification, reference being had to the
drawings accompanying and forming a part
of the same, '

The subject of this invention is a novel
method of and apparatus for computing the
energy that has been expended in a given
time in a cirenit, and is more particularly de-
signed for measuring the expended energy of
alternating currents and those of varying
strength.

The invention is based on the fact that
when ahigh tension discharge is made to pass
from a conductor through a rarefied gas, mi-
nute particles are thrown off from the con-
ductor and are embodied in any apparatusin

- which the proper conditions for the above re-
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sults are present, and in which the amountof
the particles thrown off from the conductor
or conductors as a result of such action is in
proportion to the strength of the current, the
energy of which is to be computed, and can
be measured from time to time. Asthe most
convenient means of utilizing this prineiple
in carrying out my invention, I have devised
an instrament of the following character: In
a tube or other receiver, preferably of glass,
are placed two conductors, parallel to each
other. The most convenient conductors for
this purpose are composed of thin sticks or
filaments of homogeneous carbon, to the ends
of which platinum wires are attached, which
latter are sealed in the glass, and, inside the
tube protected by a coating of some insulat-
ing material, while their ends outside of the
tube are connected to or formed as suitable
terminals. The glass tube is provided with
a small tube through which it isexhausted to

. the proper degree and which issealed off after
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exhaustion in the usual manner. If the two
conductors or carbons be connected to the two
parts of a cireuit over which flows an alter-
nating current of high tension, a discharge
takes place from one carbon to the other al-
ternately, that causes infinitesimal particles
to be thrown off from each, which appreciably
increages their electrical resistance.

This

variation may be used as a measure of the
energy of a eurrent in a working cirenit, as I
shall now explain more in detail and by refer-
ring to the drawings hereto annexed, and in
which— , -

TFigure 1 illustrates the instrument above
deseribed and, diagrammatieally, the manner
of using the same.- Fig. 2 is a cross section
on an enlarged scaleof one of the carbon con-
ductors.

One terminal of each of the carbon con-
ductors A, B, sealed as above described in
the tube or receiver C, is connected to a ter-
minal of the secondary D of a high tension
induection- coil, preferably constructed with-
outiron. The carbons are supported by the
metallic conduetors H, preferably of plati-
num in whole or in part, and having inside
the receiver a coating of insulating material
L. The primary E of the induction coil is
connected in series with incandescent lamps
or other non-inductive translating devices F,
supplied with alternating eurrents from any
suitable generator G. Under these condi-
tions, since the difference of potential at the
terminals of the secondary of- the induction
coil is proportionate to the primary current,
it is, therefore, proportionate to the number
of lamps or other devices F. ,

The action of the discharge in the tube C
from one conductor to the other produces &
uniform throwing off of theinfinitesimal par-
ticles of carbon along the entire length of
the conductors, as the difference of potential
between the two is practically equal at all
points, and the increase in resistance will,
therefore, be uniform. The amount, how-
ever, of the particles thus thrown off in a
given time is proportionate to the difference
of potential between the two econductors, and
hence the increase in the resistance of the
conductors is in a definite proportion to the
number of lamp hours. Thus, the energy
may be computed from the variation in the
resistance of the conductors in the following
manner: The resistances of the. conductors
are accurately measured in any of the usunal
ways.. Then a known current is eaused to
pass for a given time through the primary
of the induction coil and a given number of
lamps. The resistancesof the conductors are

then taken again and the increase gives the
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constant which permits of the calculation of
the energy consumed from the variation in
the resistance of one conductor.

To simplify the calecalation, the carbon
conductors may be made rectangular in eross-
section, see Fig. 2, which is an enlarged cross-
section of one of the carbons, coated with
an insulating substance M, so as to expose
only one side from which the material is
thrown off. In such case the variation of re-
sistance may be simply multiplied by the
constant to determine the energy. But it is
an easy matter to determine by a simple eal-
culation the amount of energy expended in
any case, provided the dimensions of the con-
ductors are known. The former plan is pref-
erable, however, as by it the energy may be
directly read off by using a properly gradu-
ated ohm meter.

If inductive resistances be used in place of
the lamps F, it will be understood that the
conditions for ascertaining the energy ex-
pended must be varied accordingly and in
well understood ways, which require no spe-
cial description herein.

I do not limit myself to the specific con-
struction of the instrument herein shown, for
the same may Dbe varied in many well under-
stood ways. For example, only one of the
two conductors need be inside the tube, it
being only necessary that they be placed in
such relations that the high tension discharge
shall take place between them through the
rarefied gas.

The above described plan I regard as ihe
most convenient for ascertaining the amount
of the particles thrown off from the conduc-
tors, but other means for this purpose may be
resorted to.

‘What I claim as my invention is—

1. The method, herein described, of meas-
uring the amount of electrical energy ex-
pended in a given time in an electric circuit

" of alternating ecurrents, which consists in

45

maintaining by such currents a high tension
discharge through ararefied gas between two

conduectors, and compnting from the amount
of the particles thrown off from said condue-
tors or one of the same by the action of the
discharge of the energy expended.

2. The combination with a circuit of alter-
nating currents, of a meter composed of two
conductors connected respeetively with the
circuit and separated by a rarefied gas sub-
stantially as set forth.

3. The combination with a working cireuit
of alternating currents, translating devices
substantially as desceribed connected there-
with, a primary coil in series with the trans-
lating device and a high tension secondary
therefor, of a meter composed of an exhausted
receiver having two conductors sealed there-
in, one terminal of each conductor being con-
nected to a terminal of the secondary, as set
forth.

4. A meter for electric currents, consisting
in the combination with an exhausted re-
ceiver, of two conductors contained therein
and connected with wires sealed into the
walls of said receiver, the said meter having
two line or cirenit terminals, one connected
with each conductor, therein, as set forth.

5. A meter for electric currents, consisting
in the combination with an exhausted re-
ceiver of two rectangular carbon conduectors
mounted therein and coated with an insulat-
ing material on three sides, as and for the
purposes set forth.

6. A meter for electric currents, consisting
in the combination with an exhausted re-
ceiver, of two carbon conductors presenting
surfaces between which a discharge is adapt-
ed to take place, and metallic conductors
sealed in the walls of the receiver and sup-
porting said carbons, the metallic conductors
inside the receiver being coated with an in-
sulating material, as set forth.

NIKOLA TESLA.

Witnesses:
JAMES N, CATLOW,
PARKER W. PAGE.
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7o all whom it may concern;

Be it known that I, N1koLA Trsra, a citi-
zen of the United States, residing at New
York, in the county and State of New York,
have invented certain new and useful Im-
provements in Speed-Indicators, of which
the following is a full, clear, and exact de-
scription. :

In the provision of speed indicators, that
give direct readings of rate of motion,—
for example shaft speeds in terms of revolu-
tions per minute or vehicle speeds in miles
per hour—it is obviously important that the
instrument be simple, 1nexpensive and du-
rable, and that its indications be correct
throughout a wide range of speed. Likewise

it is very desirable that its operation shall

be subject to little or no appreciable devia-
tion from accuracy under normal or ex-
pected extraneous changes, such as those of
atmospheric density, temperatute, or mag-
netic influence, in order that the structure
may be free from any complications inci-
dent to the employment of specific means
compensating for such varying conditions.

y present invention supplies a speed
measuring appliance amply satisfying com-
mercial demands as above stated, in a struc-
ture wherein the adhesion and viscosity of
a gaseous medium, preferably air, is utilized

“for torque-transmission between the driving

and driven members.

More particularly, my invention provides
a rotatable primary and a mechanically re-
sistant or biased pivoted secondary element,
codperating through an intervening fluid

medium to produce, inherently, without the

usé of compensating instrumentalities,
angular displacements of the secondary ele-
ment in linear proportion to the rate of rota-

-tion of the primary, so that the reading

scale may be uniformly graduated. This
latter advantage is secured through the ap-

“ plication of novel principles, discovered by

me, which will be presently elucidated. .
In investigating the effects of fluids in

"‘motion upon rotative systems I have ob-

served that under certain conditions to be
hereafter defined, the drag or turning
effort exerted by the fluid is exactly pro-

‘portionate to its velocity relative to the

system. This I have found to be true of
gaseous and liquid media, with the distinc-
tion however, that the limits within which
the law holds good are narrower for the

Specification of Letters Patent.
Application filed May 29, 1814.

Patented Dec. 19, 19186,
Serial No. 841,7%6.

latter, especially so when the specific gravity

or the viscosity of the liquid is great.
Having determined the conditions under

which the law of proportionality of torque

to speed (rather than to the square of the.

speed or to some higher exponential func-
tion of the same) holds good, I have applied
my discoveries in the production of new de-
vices—essentially indicators of speed but
having wider fields of use—which are, in
many aspects, superior to other forms of
speedometers.

Specifically I have devised rate-of-motion
indicators which comprise driving and
driven members with ‘confronting, closely-
adjacent, noncontacting, smooth, annular
surfaces of large area, coacting in the trans-
mission of torque through the viscosity and
adhesion of interposed thin films of air,—
mechanical structures offering ~numerous
constructive and operative advantages.
Furthermore, by properly designing and co-

-ordinating the essential elements of such in-

struments I have secured substantial linear
proportionality between the deflections of
the indicating or secondary element and the
rate of rotation of the driving or primary
member. , , '

The conditions more or less indispensable
for this most perfect embodiment of my in-
vention—that is to say, embodiment in a
speed indicator approximating rigorous
linear proportionality of deflection to speed—
are:

1. The arrangement’should be such that
the exchange of fluid acting on the system
is effectively prevented or minimized. If
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new fluid were permitted to pass freely be- -

tween the elements there would be, as in a
pump, with the rise and fall of velocity,
corresponding changes of quantity and the
torque would not vary directly as the speed,
but as an exponential function of the same.
Broadly speaking, such provision as is com-
monly made in hydraulic brakes for free cir-
culation of fluid with respect to the rotative
system, with the attendant acceleration and
retardation of the flow, will generally pro-
duce a torque varying as the square of the
speed, subject however, in practice, to in-
fluences which may cause it to change ac-
cording to still higher powers. For this
reason confinement of the fluid intervening
between the primary and secondary elements
of the system so that such active, torque-
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transmitting medium may remain resident,
and not be constantly renewed, is vital to
complete attainment of the desired linear
propertionality. ) .

2. The spaces or channels inclosing the ac-
tive medium should be as narrow as prac-
ticable, although within limits this is rela-
tive, the range of effective separation in-
creasing with the diameter of the juxtaposed
rotative surfaces. My observations have es-
tablished that when the spacing is so wide
as to accommodate local spiral circulation
in the resident fluid between the confront-
ing areas, marked departures from .rigorous
proportionality of torque to speed occur.
Therefore in small instruments with pri-
mary members of but few inches diameter,
it is desirable that the channels should be as
narrow as is mechanically feasible with due
regard to the importance of maintaining the

noncontacting relation of the rotative parts.’

3. The velocity of the fluid relative to the
system should be as small as the circum-
stances of the case will permit. When a gas
such as air is the active medium, it may be
100 feet per second or even more, but with
liquids speeds of that order cannot be used
without detriment. .

4. The bodies exposed to the action of the
fluid should be symmetrically shaped and
with smooth surfaces, devoid of corners or
projections which give rise to destructive
eddies that are particularly hurtful.

5. The system should be so shaped and
disposed that no part of the moving fluid ex-
cept that contained in the spaces or channels
can effect materially the torque. If this
rule is not observed the accuracy of the in-
strument may be impaired to an apprecia-
ble degree, for even though torque trans-
mission between the confronting surfaces
is proportional, there may yet be a com-
ponent of the rotary effort (through the
fluid coacting with the external surfaces)
proportional to an exponential function of
the speed. Hence it is desirable that by a
closely investing casing, or other means, the
torque-transmitting effect of fluid outside of
the channels between the rotative parts be
minimized. :

6. In general the flow of the medium
should be calm and entirely free from all
turbulent action. As soon as there is a
break of continuity the law above stated
is violated and the indications of the device
cease to be rigorously precise.

These requirements can be readily ful-
filled and the above discoveries applied to a
great many valuable uses, as for indicating
the speed of rotation or translation, respec-
tively, of a shaft, or a vehicle, such as an au-
tomobile, locomotive, boat or aerial vessel;
for determining the velocity of a fluid in
motion; for measuring the quantity of flow
in steam, air, gas, water or oil supply; for

1,200,359

ascertaining the frequency of mgchanical
and electrical impulses or. oscillations; for
determining physical constants; and for
numerous other purposes of scientific and
practical importance.

The nature and object of the invention
will be clearly understood from the succeed-
ing description with reference to the accom-
panying drawings in which:

_Figure 1 represents a vertical cross sec-
tion of a speed indicator or hand tachom-
eter embodying the above principles; Fig.
2 1s a horizontal view of the instrument dis-
closing part of the scale, and Figs. 8 and
4 are diagrammatic illustrations showing
modified constructions of the main parts in
a similar device. :

Referring to Fig. 1, 1 is a pulley-shaped
metal disk from three to four inches in di-
ameter constituting the freely-rotatable pri-
mary element. It is fastened to a drive-
shaft 2 which is turned to fit a hole in the
central hub 8 of the casting 4. A ball bear-
ing 5 set in a recess of the former, serves
to take up the thrust against the shoulder
6 of the shaft and insures free running of
the same. In close proximity to the disk
1 is the thin shell 7 in the form of a cup,
this being the secondary element of the sys-
tem. It is made of stiff and light material,
as hard aluminum, and is fixed to a spindle
8, supported in nearly frictionless bearings
or pivots 9 and 10. As before remarked
the spacing between the two elements, (1
and 7), should best be as small as manufac-
turing conditions may make feasible. By
way of example, a separation,—in an in-
strument of the diameter suggested,—of say
015" to .025’" will be found effective for
working purposes and also within a reason-
able range of inexpensive mechanical attain-
ment. Still smaller spacingis, however,
theoretically desirable. One of the - bear-
ings aforesaid is screwed into the end of
the shaft 2 and the other into a plug 11 in

‘a_slotted tubular extension 12 of a casting

13. The running bearing in the shaft,
though not of perceptible influence on the
indications, may be replaced by a stationary
support behind and close to shell 7, as at 8.
A torsional spring 14 is provided, for bias-
ing the pivoted element 7, having its ends
held in collars 15 and 16, which can be
clamped, as by the set screws shown, the one
to the spindle 8 and the other to the plug
11, The bearings 9 and 10 are capable of
longitudinal adjustment and can be locked
in any position by check nuts 17, and 18,
but this refinement is generally unnecessary.
The castings 4 and 13, in the construction
specifically shown, when screwed together
form a casing that closely invests the rota-
tive system. This casing forms one avail-
able means for preventing communication
of torque from the primary element 1 to the
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secondary member 7 through the medium
contacting with the external surfaces. of
both, to any extent sufficient for materially
modifying the torque due to the films be-
tween the elements, but other means to this
end may be substituted. The chamber in-
closed within the casting should be air-

~ tight for highest accuracy in order that the

10

density of the contained medium may re-
main constant, although in the vast, major-
ity of cases where air is used as the active
a%ent, the slight effects of ordinary changes
of temperature and density of the external

- atmosphere can be ignored, as they-are in
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a measure neutralized by the concommitant

variations in the resilience of the torsional
"spring and as they do not seriously affect

the proportionality of deflections observed.

However, when great precision is essential,

a seal 19 of suitable packing, paste or amal-
gam may be employed. Obviously the work-
Ing parts may be contained in a separate,
perfectly tight reservoir filled with fluid
of any desired character, the rotating mem-
ber or disk 1 being driven by a magnet out-

side. This expedient has been adopted in

numerous instances and is quite familiar.
The casting 4 has a window or opening 20,
closed by a piece of transparent substance,
such as celluloid, for enabling the readings
to be made on the scale which is engraved
upon. or glued to the rim of the indication-
controlling element or shell 7. The shaft 2
is armed with a steel or rubber tip 21, and a
handle 22 of fiber. or otheér material is fas-
tened to the central hub of casting 13, com-

. pleting the hand tachometer.

- Fig. 2'in which like numbers designate
corresponding parts is self-explanatory.
Attention may be called to the pointed in-
dex 23 placed jn the opening 20 and mark-
ing, when the instrument is not in use, zero
on the scale. The latter can be readily put
in proper position by turning the collar 16
to the desired angle.

As described the device is adapted for’

use in the manner of an ordinary hand
tachometer. In taking the revolutions of a
shaft, the tip 21 is placed firmly into the
central cavity of the former, as usual, with
the result of entraining the disk 1 and bring-
ing it to full speed by friction. The active
medium, preferably air, in the narrow chan-
nels between the rotating and pivoted mem-
bers, by virture of its adhesion and vis-
cosity, is set in circular motion by the pri-
mary element, and, giving up the momentum
imparted to it on the light secondary shell 7,
causes the latter to turn until the torque
exerted is balanced by the retractile force. of
spring 14. Care should be taken to em-
ploy a spring the resistance of which in-
creases linearly with displacement, so that

_the deflections are exactly proportionate to

the torsional effect, as otherwise the indi-

cations will not be true to scale, even though
the instrument be prefect in other respects.
In order that the torque should vary rigor-
ously as the speed, the fluid particles in the
minute channels between the rotating and
pivoted members should move in circles and
not in-spirals, as necessarily would be the
case In a device in which pumping action
could take place, and. either by making
both the primary and secondary elements

-effectively-imperforate to prevent central

admission of air, or otherwise so con-
structed and conditioned that air may not
freely pass from center to periphery be-
tween the elements of the moving system
unchanging residence of a definite body
of the active medium within the sys-
tem is insured. - Where pumping action,—
that is to say, acceleration or retardation
of fluid movement other than circularly
with the primary element,—takes place
the deflections increase more rapidly than
the speed. It follows that centrifugal force,
which is the essential active principle in
pumping, must be negligible to avoid com-
pression of the air at the periphery which
might result in a sensibly increased torque.
To appreciate this, it should be borne in
mind that the resistance of a circular strip
of the active area would, under such con-
ditions, be proportionate to the fourth power
of the diameter so that a slight compression
and attendant increase of density of the
medium in the peripheral portion would
cause a noticeable departure from rigorous
proportionality. Experience has demon-
strated that when the space is very narrow,
as is indispensable for the fullest attain-
ment of the desired proportionality, the cen-
trifugal effect of the active fluid, be it gase-
ous or liquid, is so small as to be unobserv-
able. The inference is that the actions in the
narrow space between the rotative members
are. capillary or molecular and wholly dif-
ferent in principle from those taking place
in a pumping device in which the fluid
masses are alternately retarded and accele-
rated. The scale, which, as will be apparent
from the preceding, is uniform in an instru-
ment best embodying my invention, may
be so graduated that each degree corresponds
to a certain number of revolutions per unit
of time, and for convenience, (in shaft-speed
indicators as herein shown), the constant
is made a round number, as 100. The es-
tablishment of this relation through the ad-
justment of the torsional spring is facili-
tated by varying the distance between the
parts 1 and 7, thus modifying the torque
and consequently the deflection, (the torque
varying inversely as the distance) while al-
ways keeping within the range throughout
which linear proportionality is attainable.
In calibrating it is necessary to make but
one observation comparative with some posi-
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tive standard and to plot the balance of the
scale accordingly. The conditions above set
forth being realized, the reading will be ac-
curately proportionate to the speed and the
constant will be correct through the whole
range contemplated in the design. Therein
lies a very important advantage bearing
on manufactiire and introduction of devices
of this character over those now in use
which are based on an empirical scale, tedi-
ous to prepare, and unreliable. When de-
sired, the instrument may be rendered dead
beat through magnetic or mechanical damp-
ing, but by making the torque very great,
and the inertin of the secondary element
very small, such objectionable complication
may be avoided. With a given separation
the turning effort is proportionate to the
product of the velocity of rotation, the den-

sity of the fluid and the aggregate area of

the active surfaces, hence by increasing
either of these factors the torsion can be
augmented at will. It obviously follows that
the pull exerted on a circular disk will be
as the third power of the diameter and one
way of attaining the object is to use a large

Other and better ways are ‘illus-
trated in Figs. 8 and 4 in which the rotating
and pivoted elements are composed of inter-
leaved disks or cylinders. The first ar-
rangement permits an indefinite increase of
the torque, the second commends itself
through the facility of adjustment of the
force by varying the active area.

Tor many reasons it is decidedly advan-
tageous to employ air as the agent in an in-
strument intended for popular purposes,
especially those involving rough use and in-
expert handling, since thereby the cost of
manufacture may be kept low, the need for
ensealing minimized and susceptibility of
the parts to easy disasseinbling and replace-
ment attained. It is, therefore, desirable
that the annular confronting surface of the
elements,—whether of disk or cylindrical
form,—be sufficiently extensive for securing
ample torque to make the instrument ap-
proximately dead beat and to minimize the
percentage of error due to mechanical im-
perfections. » :

The foregoing description contains, I be-
lieve, all the information necessary for en-
abling an expert to carry my invention into
successful practice. When using the indi-
cator in the manner of an ordinary vehicle

_speedometer, as in an automobile, the shaft

2 is rigidly or flexibly geared to the driving
axle or other suitable part and readings are
made in miles per hour, as is customary. As
will be apparent many other valuable uses
may be served, since the primary element
may be connected in suitable electrical or
mechanical manner with any rotating part,
the speed of which may be translated
through a linearly proportionate constant
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into the desired terms of time and quantity,
and the reading scale may be calibrated in
such terms. It will also be evident that by
accurate workmanship, following the teach-
ings of my invention, instruments at once
simple, rugged, and scientifically accurate
may be constructed for a very wide range of
uses in either huge or tiny sizes; and, since
the commercial requirements of accuracy in
many felds gives a reasonable range of
permissive error, manufacturing considera-
tions may lead to deviations from strict ob-
servance of some of the conditions that I
have indicated as best attaining a rigorous
proportionality of reading. The provision
of simple mechanical elements, cooperating
primarily only through the viscosity and
adhesiveness of the air films intervening
therebetween and substantially free from
need for ensealing and from error caused by
changes of extraneous conditions, especially
temperature, affords striking commercial
advantages unattainable in any form of
speedometer of which I am aware. There-
fore while I have described in detail for the
purpose of full disclosure a specific and
highly advantageous embodiment of my in-
vention, it will be understood that wide
variations in the mechanical development
thereof may be made without departure
from its spirit within the scope of the ap-
pended claims. '

" What I claim is:

1. In combination, fixed supporting
means, disconnected alined driving and
driven shafts rotatably mounted in said sup-
porting means, relatively thin spaced rigid
pieces of material rigidly connected to and
arranged coaxially about said driven shaft
with broad surfaces opposite each other, and
other relatively thin spaced rigid pieces of
material rigidiy connected to and arranged
coaxially with the driving shaft, and being
alternated with the first-mentioned pieces
between them and having their broad sur-
faces adjacent to and spaced from the broad
surfaces of said other pieces, said pieces all
arranged in air, through which torque is
frictionally transmitted from the second-
mentioned pieces to those first-mentioned.

2. In combination, in a speedometer, dis-
connected alined driving and driven shafts,
a fixed support, said shafts being mounted
in said support, a coiled spring having one
end secured to said fixed support and the
other end secured to said driven shaft, rela-
tively thin spaced rigid pieces of material
rigidly connected to and arranged coaxially
about said driven shaft with their broad

-surfaces opposite each other, other rela-

tively thin spaced rigid pieces of material
rigidly connected to and arranged coaxially
with the driving shaft, and being alternated
between said first-mentioned pieces and
spaced therefrom, and an air body filling
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the spaces between said pieces and consti-
tuting

. medium therebetween.
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3. In combination; in a speedometer, dis-

‘connected alined driving and driven shafts,

a frame having bearings for said shafts, a
coiled spring whose inner end is secured to
said driven shaft and having its outer end
secured to said frame, spaced rigid pieces of
material rigidly connected to and arranged
about said driven shaft, and other spaced
rigid pieces of material rigidly connected to
and arranged about said driving shaft, the
former pieces being alternated between the
latter pieces in spaced relation with their
broad surfaces in close juxtaposition, and
with the interspaces between said spaced
pieces forming a convoluted air-containing
channel therebetween open to the surround-
ing air. '

4. In . combination, disconnected alined

“driving and driven shafts, a fixed support,

bearings therefor in said support, a coiled
spring having one end secured to the driven
shaft and its other end secured to said fixed
support, a cup-shaped body secured to one
end of said driving shaft coaxially, spaced
rigid relatively thin plates secured to said
body in parallel relation to each other, an-
other cup-shaped body secured coaxially to
said driven shaft and inclosing said plates
at their outer edges in spaced relation there-
to, other spaced rigid relatively thin plates
secured to the second-mentioned body and
extending between the first-mentioned plates
in spaced relation thereto, and an air body:
filling the spaces between said pieces fric-
tionally to transmit torque from the driving
structure to the driven structure. ,

5. The combination with means for sup-
port and driving and driven shafts rotata-
bly supported thereby, of means to trans-
mit torque from the driving shaft to the
driven shaft comprising opposed material-
pieces respectively connected with the driv-
ing shaft and the driven shaft and arranged
to present toward each other relatively-ex-
tensive, non-contacting, closely-adjacent sur-
faces, and a gaseous medium in which said
pieces work, said gaseous medium serving
frictionally to connect the said opposed ma-
terial-pieces for transmission of torque from
the driving shaft to the driven shaft.

6. In combination, driving and driven ele-

‘ments suitably supported and having con-

fronted annuli always presenting to each
other relatively-extensive, non-contacting,

“closely-adjacent surfaces, said surfaces dis-

posed in a gaseous friction medium, where-
by the driving member, by its rotation, in-
duces rotary motion of the driven member
through the drag of the gaseous medium in-
tervening between said annuli.

7. In combination, driving and driven ele-
ments having in opposed, closely adjacent,

the ‘torque-tranamitting friction

[

non-contacting relation, relatively extensive
friction surfaces, and an interposed gaseous
body, through which the driving member
frictionally drags the driven element.

" 8, In a speedometer, the combination with
supporting means, separately-rotatable driv-
ing and driven shafts mounted therein, bias-

70

ing means for the driven shaft, and means .

to indicate rotary displacement of the biased
shaft in terms of speed, of pieces rotatively
cerried by said respective shafts, having
relatively-extensive, non-contacting, closely-
adjacent surfaces arranged to confront each
other, and a gaseous medium intervening be-
tween said confronting surfacés to coact
therewith frictionally to transmit torque
f}x;orf% the driving shaft to the biased driven
shaft.

9. In a speedometer, the combination of
a primary element rotatable at varying
speeds, having a plurality of spaced annuli,
a biased secondary element, arranged for
separate rotary movement and adapted and
arranged to indicate speed variations by the
extent of its displacement, said secondary
element having a plurality of spaced, thin,
light annuli, the annuli of said two elements
interleaved in non-contacting, closely-adja-
cent relation always to present toward each
other extensive friction surfaces, and an
air body, through the films of which, inter-
vening between said annuli, rotation of the
primary element may induce speed-indicat-
ing displacement of the secondary element.

10. A speedometer wherein a primary,
variable-speed element, and a biased, speed-
indication-controlling secondary element,
that are suitably supported for separate
movement, have opposed extensive friction
surfaces in non-contacting juxtaposition for
frictional communication of power from the
primary element to the secondary element
through a gaseous medium that intervenes
between said friction surfaces.

11. An air drag speedometer, wherein a’
primary, variable-speed element and a

‘biased speed-indication-controlling second-

ary element, that are suitably mounted for
separate rotary movement in an air-contain-
ing casing, have opposed, extensive fric-
tion-surfaces in non-contacting juxtaposi-
tion, for frictional communication of torque
from the primary element to the secondary
element through the medium of the casing-
contained air. _ '

12. In a speedometer, the combination of
an sir containing casing, a primary element
and a secondary element mounted in said
casing for separate movement, said elements
having extensive surfaces exposed toward
each other in closely contiguous but non-
contacting relation for frictional communi-
cation - of power to one from ' the other
through the intervening air, means resili-
ently to resist displacement of the second-:
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_contacting

s

ary element, and means to indicate displace-
ment of the secondary element in terms of
speed.

13. In' combination, in a speedometer,
disconnected shafts respectively carrying
driving and driven elements that have an-
nuli affording continuous extensive fric-
tion surfaces in always confronting non-
closely - spaced relation, the
driven element being light and biased by a
light spring, for ready response to torque
transmitted frictionally by air, and the air
film-spaces between the elements constitut-
ing an open tortuous channel; and an air
containing casing inclosing the driving and
driven elements, its contained air body form-

. ing the sole effective means of torque trans-
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mission between the elements.

14. In a speedometer, the combination of
rotatable driving and driven elements hav-
ing in opposed, closely-adjacent non-con-
tacting relation, relatively extensive friction
surfaces, means to bias the driven element,
means to indicate rotary displacement of
said driven element in terms of speed, a cas-
ing inclosing said elements and containing
air, said contained air body extending in
films between the friction surfaces, and
forming the sole effective means of torque
transmission between the driving and
driven elements.

15. In combination, driving and driven
elements having in opposed non-contacting
relation relatively extensive friction sur-
faces so closely adjacent that through an in-
terposed gaseous body the driving member
frictionally drags the driven member with
a torque linearly proportionate to the speed
of the former.

16. A rate indicator wherein a freely-ro-
tatable primary and a biased, indication-
controlling secondary member, suitably sup-
ported for separate movement, have op-
posed, non-contacting surfaces in such close
proximity that through an intervening vis-
cous fluid medium torque is transmitted to
the secondary member in linear proportion
to the speed of the primary.

17. A rate indicator wherein a freely ro-
tatable primary and a biased, indication-
controlling secondary element, suitably sup-
ported for separate movement are opera-
tively linked through an intervening vis-
cous and adhesive air body, said elements
having opposed, extensive non-contacting
surfaces so closely adjacent that the torque
transmitted to - the secondary element
through said air body is substantially in
Ynear proportion to the speed of the pri-
mary element. . ‘

18. In a speed indicator the combination
of two rotatively movable driving and
driven members having opposed non-con-
tacting extengive surfaces confining between

" 65 them a practically constant body of torque-

- _ 1,209,389

transmitting fluid medium, said surfaces be-
ing so closely proximate that the torque

' transmitted from the driving to the driven

member is substantially proportional to the
rate of rotation of the former.

19. A speed indicator comprising, in

combination, a rotatable body, a second an-
gularly movable body, means to resist dis-

placement of the latter proportionately to
the torque applied thereto, and a fluid me-
dium interposed between them, said bodies
having opposed annular surfaces in such
close proximity that pumping of the me-
dium therebetween is prevented and the de-
flections of the second body are made pro-
portionate to the speed of the other.

20. A speed indicator, comprising, in
combination, a rotatable, variable speed pri-
mary element, and a light, pivoted, tor-
sionally-resisted, indication-controlling sec-
ondary element, suitably mounted for sepa-
rate movement and operatively linked with
the former through an interposed gaseous
medium, said elements having opposed, an-
nular, non-contacting surfaces so extensive
and closely proximate that the whirling me-
dium exerts a strong and steady turning
effort upon the secondary element, substan-
tially .in linear proportion to the speed of
the primary. ,

21. The combination, in a rate indicator,
of a freely rotatable primary and a tor-
sionally-resisted indication controlling sec-
ondary member mounted for separate move-
ment, with their opposed non-contacting

symmetrical surfaces confining therebe-

tween a resident fluid body and arranged in
such close proximity that the fluid, en-

. trained in circles by the rotating primary

exerts a torque on the secondary member
in substantially linear proportion to the
speed of the former. ‘

29. In combination, in a speed-indicator,
a rotatable primary element, a biased sec-
ondary element, a fluid body between and
around them, said elements having opposed
non-contacting extensive surfaces in such
close proximity that the resident fluid body
therebetween transmits torque to the second-
ary in substantially linear proportion to the
speed of the primary element, and means
for minimizing the rotary effort transmitted
through the fluid around the elements.

28. A rate indicator comprising a struc-
ture confining a substantially unchanging
body of fluid and including an extensive
annular surface of a freely rotatable mem-
ber, arranged to impart circular motion to
the fluid, and a confronting annular sur-
face of an indication-controlling angularly-
displaceable member, arranged.to take up
momentum of the fluid, said surfaces be-
ing so closely proximate that the torque
transmitted through the fluid is .propor-
tional to the speed of the rotatable member.
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24. A speed indicator comprising two ele-
ments mounted for separate movement in a
fluid medium, one of the elements being
freely rotatable at varying speeds, and the
other pivoted and biased against angular
displacement, said elements having opposed
non-contacting extensive symmetrical sur-
faces in such close proximity that torque is
transmitted through the intervening fluid
body in substantially linear proportion to
the speed of the primary element, and a
member surrounding said elements and
minimizing the flow of the fluid: along the
exterior surfaces of said secondary element.

25. In a device of the character described,
the combination of a rotatable primary ele-
ment, a spring-biased secondary element, a
casing surrounding the same and a fluid
body filling the casing, said elements having
opposed non-contacting annular surfaces in
such close proximity that the rotary effort
exerted through the fluid body on the sec-
ondary element is proportionate to the
speed of the primary element, some parts of
said casing being so closely proximate to said
elements as to minimize torque-transmitting
flow of the fluid along the exterior surfaces
of the secondary element.

26. An air drag speedometer wherein a
rotatable primary variable-speed element
and a biased pivoted secondary element,
mounted for separate movement in an air-
containing casing, have opposed extensive
smooth annular surfaces in such close juxta-
position that torque is transmitted through
the air intervening between said surfaces in
substantially linear proportion to the speed
of the rotatable primary element.

27. A speed indicator comprising a closed
fluid-filled casing, primary and secondary
elements mounted therein, the one for rota-
tion and the other. for torsionally resisted
angular displacement, said elements having
opposed non-contacting extensive annular
surfaces forming therebetween a smooth in-
tervening channel wherein confined fluid
may move in circles under the influence of
the primary member, and between them and
the interior surfaces of the casing surround-
ing channels wherein fluid contiguous to the
secondary element may receive circular
movement from the primary element, said
surfaces being so closely proximate that
torque transmission through the fluid is
linearly proportionate to the speed of the
primary element.

28. The combination, in a s

indicator,
of a closed casing, a fluid

y and two ro-

tatively-movable members therein, means
for rotating one of the members, means
for resisting displacement of the other, and
means controlled by the last named member

-surfaces of the elements being

7

for reading its displacement in terms of
speed, said two members having opposed,
non-contacting imperforate annular surfaces
in such close proximity as to confine there-
between a film of fluid through which torque
1s transmitted to the resistant member in
linear proportionality to the speed of the
rotatable member. -

29. The combination with a closed fluid
containing casing, of a plurality of sym-
metrical bodies with smooth surfaces rota-
tably mounted therein, means for tor-
sionally restraining some of said bodies, and
means for rotating the others, said bodies
being placed with their surfacesin such close
proximity to each other and to the walls of
the casing that the rotating bodies will cause
an even and undisturbed circular motion of
the fluid and transmit torque to the torsion-
ally restrained bodies in proportion to the
speed of the others. :

30. In a speed measuring instrument, the
combination of driving and driven members
having in opposed closely adjacent non-con-
tacting relation relatively extensive smooth
friction surfaces, and an interposed gaseous
body through which the driving member
frictionally drags the driven member.

31. A tachometer comprising, in combi-
nation, a rotatably mounted shaft, a smooth
annular body fixed thereto, a similar pivoted
body, a torsion spring for the latter, indi-
cating means movable with said pivoted
body, and ‘an air-containing casing, said
bodies having their annular surfaces in such
close, non-contacting proximity that the in-
tervening air transmits torque to the pivoted
body in substantially linear proportion to
the speed of the rotatable body.

32. A tachometer comprising, in combi-

_nation, a rotatably mounted shaft, a primary

element carried thereby, a pivoted secondary
element, a torsion spring therefor permit-
ting its angular displacement substantially
in _proportion to the torque, indicating
means operated by the pivoted element and
graduated with substantial uniformity, and
2 fluid-containing casing closely investing
part of said rotative system, the opposed
so closely
proximate to each other and to part of the
casing that the fluid - transmitted torque
causing deflections of the pivoted body is
substantially proportionate to the speed of
the primary element. .

In testimony whereof I affix my signature
in the presence of two subscribing witnesses.

- NIKOLA TESLA.
‘Witnesses:
M. Lawson Dryer,
Tiuomas J. BYrNE.
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To all whom, it may concern: _

Be it known that I, Ntrora TEsLA, a citi-
zen of the United States, residing at New
York, in the county and State of New York,

5 have invented certain new and useful Im-
provements in Speed-Indicators, of which
the following is a full, clear, and exact de-
scription. ' ) \

Among the desiderata of speedometer con-

10 struction are these: that the torque exerted
upon the. secondary, or ‘indication-giving,

element shall be linearly proportional to the.

speed of the primary member rather than
to the square of the speed (as instanced in
15 -centrifugal speedometers) ; that the tor-

sional effect at low speeds shall be strong

and steady so that particular delicacy of
construction may not be necessary and that
minute causes of theoretical errors (such as
90 bearing-friction, spring-inequalities and the

_ like) may be negligible in effect; that the.

torque may be substantially unaffected by

“changes of extraneous conditions, as of tem- '

perature, atmospheric density and magnetic
95 influence; that the instrument be inherently
“" dead-beat and relatively insensible to mg-
chanical vibration; and that ruggedness,

simplicity and economy, for attendant dura-

bility, manufacturing facility and low cost,
" g0 be attained. My present speedometer real-
izes these advantages and provides, also, an

appliance that is suitable for great, as well -

as very small, velocities, exact in its read-

~ ings, uniformly graduated as to scale, and

85 unaffected by changes of temperature or
pressure within as well as ~without. .

- .4 In my Patent No. 1,209,359, ‘dated Decem-

v "7 ber.19, 1916, I have described a new type

‘of speed measuring instrument. wherein the

40 adhesion -and viscosity-of a gaseous medium,

~ preferably air, is utilized for torque-trans-

- mission from a primary ,

‘ary pivoted-and torsionally resfrained mem-

-~ -

" .. ‘ber-under conditions such that the rotary .

E 45 effort exerted upon the latter 1§ kinearly pro-

" portional'to the rate of rotation of the for-
- mer. The principles of that _inyention find
place in my present construction. Suc  “air
.- drag” speedometers have been found capable
50 of meeting satisfactorily the commercial re-
quirements for both largé and small instru-

q

Specification of Letters Pagent.

driving to a second-’

18,1916, Serlal No. 137,691.

n_xenfs respectively adapted to measure rela-
tively high and low speeds, but nevertheless

. it is true that although such instruments, -
when_built for high-speed indication, may .

be of sturdy construction, they must, when
~ designed for low-speed ~measurement, be
built with great_precision and delicacy.

Patented Aug, 6, 1918.

56

This because the inertia of. the secondary - -

element must be kept extremely small for
desirable: promptness .of response to very
slow starting speeds and consequent feeble-
ness of the turning effort. In some in-
stances, therefore, it is highly desirable to
employ a - transmitting medium giving a
much greater torque thar air with concomi-
tant extension of the low-range of accurate
speed reading, quickness of response, prac-

60

65

ticable decrease of size of parts and lessen- .

ing of sensitiveness to disturbances such as
vibration of the instrument as a whole. .
All of the stated objects I accomplish by

employing as the torque-transmitting me-

dium between the driving and driven' ele-
ments a body of suitable liquid, (e. ¢., mer-
cury) under conditions (as set forth in my
prior application referred to) proper to
secure linear proportionality of deflections,
~and, further, by making provision automati-
cally to compensate for the changes in the
viscosity of the liquid that accompany varia-
tions of temperature. . The latter equipment
- i unnecessary in my air-drag speedometer,
“but mercury and other liquids of relatively
great. density that might be enmployed for
my present purposes have not the quality
_of approximate self-compensation for tem-

70

78

80

86

perature changes-that inheres in air, owing

to the. fact that the viscosity of such a liquid
decreases rapidly as its temperature’ rises,
‘and so to a successful “mercury-drag” in
strument temperature compensation is req-
uisite- oo N s .‘
" The underlying ideas of this invention
can be carried out in various ways and. are.
‘capable of many valuable uses, but for pur-

20

88

poses of disclosure, specific reference to a )

form of speed indicator.
an automobile is ‘adequate. ]
As in the structure described in
pri
driven

~

my stated

designed for use on

application, I provide driving and"
members With gonfronting, closely- -

100



adjacent, non-contacting, smooth, annular

- friction surfaces, co-acting for transmission

of torque through the viscosity and adhesion
of interposed thin films of a suitable me-
dium—in this case mercury—under condi-

*_ tions to prevent free exchange of fluid acting

10

‘15

" 20

- tain this compensatory

25

- 80

on the system, to prevent its local circula-

tion and eddying, to maintain its flow calm

“and non-turbulent, and to secure as low ve.
locity of the medium with respect to the .

system as the circumstances of the case may
make desirable. These conditions all aid in
the attainment of rigorous linear propor-
tionality of: deflection of theé secondary to
the speed of rotation of the primary element
under given temperature conditions. Addi-

tionally, by suitable construetion I make it -

possible to obtain a nearly perfect compen-
sation for temperature changes so that the
deflections may be rigorously proportionate
to speed within limits of temperature varia-

-tion wider than I believe likely to occur in

the practical use of the instriment. I at-
result by providing
thermo-responsive means to vary the effec-
tive area of the secondary element upon.
which the medium acts in approximately
inverse propoftion to
changes of viscosity of the medium, and as
a_preferred specific means to this end, I
dispose a body of the liquid ‘beyond, but
communicating with, the active portion of

- the liquid medium and of such quantity

85

. 40

4b

that, in effectively the same measure as Vis- -

cosity and, conseéquently, the. torque is di-
minished or increased with temperature
changes, the active liquid-contacting area of
the secondary member is enlarged or reduced
owing to the expansion or contraction of the
fluid. - R ’
. In the drawing Figure 1 is a top view of
2 speedometer; : S
Fig. 2 is a central vertical section there-
through:; : . _
Fig. 3 shows a spring adjusting arrange-

. Inent; and

50

11

6o

Fig. 4 and Fig. 5 are diagrams explana-
tory of the compensating principle.
. In Fig. 4 the primary or driving member
is a_cup.10 carried by a freely rotatable ver-
tical shaft 11. Within it ‘the cylinder-
formed secondary member 12 is mounted on
a spindle 13, journaled in jewels 14 and 15
of negligible frietion, for pivotal displace-
ment against the restraint of a spiral spring

- 16, connected at its ends respectively to
~ fixed support 17

and spindle-collar 18, so
that by pivotal displacement of the second-
ary cylinder against the resisting spring
tension, the torsional effort exerted on the
secondary member may be measured. The
spring is such that its displacements are
nearly proportionate to the force applied.
The Jower portion 19, of the cup-chamger is

e

temperature-effected

. change of temperature,

- ‘have ascertained, can

liquid component 20=

“tionless). It will be

1,274,818

a reservoir filled with the liquid, 20, as mer- g
cury, and the liquid normally extends part
way up. the very narrow interspace. 21 be-
tween the two elements to contact with less

“than the whole of their confronting friction

surfaces. With ercury as the medium, in
an instrument with a secondary cup of one
inch diameter I find an Interspace-width of

-0.05 inch to be satisfactory.

It will now be seen that when shaft 11 is
rotated the mercury in the cup is entrained
and in turn produces a drag upon the
pivoted member 12, the torsional effort being
directly proportionate to the active area,
viscosity of the fluid and the speed of rota-
tion and, inversely, to the width of the inter-.
space 21 or distance between.the rotated and |
pivoted surfaces. If » be coefficient of vis- -
cosity, A the active area, s the speed and d
the distance between the juxtaposed rotating
and pivoted surfaces, ail of the "quantities
being expressed in proper units, then the
twisting force - ‘

75

F= vAs dynes.
: a : ‘ 00
When, through changes in the external eon-
ditions. or work performed on the fluid, the
temperature. of the same is raised, two ef-
fects, separate and distinet, are produced.-
In the first place, the viscosity is diminished
according to a certain law, reducing corre-
spondinglv the torque, on the other hand,

05

the fluid expands thereby enlarging the

areas of the active, or liquid - contracting,
surfaces of the elements with an attendant
increase of rotary effort. Obviously, then, if
it is possible so ‘to relate these actions that
they mutually annul each othep upon any .
a complete compen-
sation ‘may be obtained. This result, I 105
be almost perfectly = -
realized with a liquid, as mercury, by prop-
erly proportioning the volume of the cham-

. ber-contained, or compensating, component

20° of the liquid and the component 20° of
the liquid in the interspace 21.” With a view -

‘to simplifying this explanation, be it sup-

posed that F is wholly due to the
(the drag exerted on
the bottom face of cylinder 12 being assumed
to be negligible and the bearings to be fric-
evident that under these

conditions the active area will increase as ’

the force

-the volume of the fluid. Perfect compensa-

tion would require that upon a rise of tem-

~berature; the active area, and therefore the

torsional effort, be -augmented in the same

ratio as viscosity is diminished. ‘In other -
words, the percentage of decrease of vis-_.
cosity divided by that i
should be the same for all temperattires.
Attention is called to the table below show-
ing that, with mercury as the medinm, the

70

80

88

100

110

6

130

of increase of area.1isg



1,274,816 : . o

value of this fraction atvordinaty tempera-
tures is about, or not far from, 20.

§ |Tempera- Volume | Viscosity | Fercentage) Percentage | y,jyq of

ture C. | of fluid, | of fnid..| ! ioz;(':i}a.ase of %e;c:'fase ratio.

b
T v v a b m
10 —20 0,996364 ) 0,018408 | —0, 3636 ~8,2718 22,75 | .
- —15 ]0.997273 | 0.018038 —0.2727 —6.1029 22,38, 1"
—10 0,998182 | 0.017681 | —0.1818 -—4,0074 22,04
-5 0.999091 | 0.017335 | —0.0909 ~1,9722 21.70
0 1,000000 | 0.017000 0 1} 21,35

5 1,000909 | 0.016663 0. 0909 ©1.9107 21,02 |
10 1.001818 | 0.016361 0.1818 - 3.7603 20,68
15 1,002727 | 0.016057 0,2727 5. 5505 . 20.35
18 20 1.003638 | 0.015762 0. 3636 7.2706 20.00

25 1.004546 | 0.015477 0.4546 8.9564 19.70
30 1,005455 | 0.015202 0.5455 10.5750 | . 19.38
© 35 1.008365 | 0.014937 0.6365 12.1410 19.07
40 1, 007275 | 0.014680 0.7275 13.6470 18.75
45 1.008185 | 0.014433 | * " 0.8185 15.1031 18.45
50 1.009095 | 0,014194 0. 9095 18.5073 18.15

20 - C
This means to say that if the total volume
of the liquid is twenty times that contained
in the interspace between the elements, the
two opposite effects, one increasing and the
25 other reducing, the torque, will approxi-
mately balance. ‘This fact is borne out by
' practical tests and measurements, which

have demonstrated that by constructing. for-
- this volumetric ratio deflections very closely

80 proportionate to the speed are obtained
through a range of temperature variations
far greater than ordinarily occurring. For
commercial purposes it is quite sufficient to

employ a ratio -of approximately the stated

35 value as the error involved in a small de-
parture therefrom is inconsiderable. When
necessary or desirable, greater precision can
be obtained by taking into account four sec-
ondary effects, due to expansion or contrac-

40 tion of the walls, which slightly modify the’

torque; first, changes in the volume of the

- reservoir; second, in the distance between

~ the opposed surfaces; third. in ‘active area

and, fourth, in velocity. Increase in the

45 former two tend to diminish; the latter to

augment, the viscous drag. A satisfactory

ratio in a cylindrical type of instrument
has been found to be about 24. _

Fig. 5 illustrates a different arrangement,

50 exemplifying the same principle of employ-

ing a reservoir-contained liquid body as the

~ thermo-responsive means to compensate for

viscosity changes of the active liquid. In

this case a spindle-carried disk 12" serves as

85 a secondary element, ‘while the primary

member consists of a hellow shell 10" with

- annular surfaces 23 confronting the disk

surfaces and encompassed by an annular

chamber 20’, so that under rotation the mer-.

60 cury body fills the chamber and occupies
‘peripheral portions of the interspaces 21
between the flat confronting surfaces. It
is hardly necessary to remark that since

there are two such interspaces 21, the cal-

culation of capacity of the reservoir or
chamber 20, beside considering the form of
the device, must take account of the active
mercury body in both interspaces.

" In Figs. 1 to 3'a complete commercial in-

_ strument embodying my invention is shown.

Specifically, 25 is a tube threaded at 26 and
carrying at the top a casing head 27 the
whole forming a housing for inclosure of the
moving parts. The driving shaft 28 carries
a cylindrical cup 29 in the bottom of which

éb

70

78

is screwed a.plug 30, turned down as 31 for .

the purpose of providing the reservoir 32.
The cup 29 is closed at its upper end by a

tight fitting cover 33, having an upwardly’

extending shank 34, carrying a pinion 35 to 80

vdrive suitable wheelwork 86 of the odometer
contained in the lower part of the head 27.

This structure, providing the primary ele-

ment, is rotatable in ball-bearings 37 and 38
fixed in tube 25 and adjustable by means of
nuts 39. :

The secondary element is made of a very:
thin metal cup 40, inverted and secured to

slender spindle 41 mounted in jeweled bear-

ings 42 and 43, respectively carried in-a-

cavity of plug 80 and by a frame arm 43"

86

90

A running bearing 42 can usually be em-

ployed without detriment, but a fixed bear-
ing may be used if desired. The weight of

the secondary member with its movable at-.

tachments should be so determinéd that the
upward thrust against jewel 43 is very
slight. The torsional twist of secondary cup
40 is resisted by a spiral spring 44 lodged

ing one of its ends connected to collar 46

in a turned-recess of .a frame plate 45, hav-

95

100

fast on the spindle 41 and the other to a- ‘

split ring 47 spring-gripping the wall of
the recess in plate 45. By inserting pincers
in holes 48 (Fig. 5) and contracting the ring
it is freed sufficiently for adjustment to
bring - the spindle-carried indicator 49 to

point to zero of the graduated scale 50 that,

‘108

if all of the principles of my invention are

best embodied, may be made uniformly
graduated. ‘The scale is carried on plate

110

45 and, together with the support 48’, is -

held in place by a rim 53 that suitably car-

ries the glass cover 52. The odometer may-

have any suitable number of indicating ele-
ments of different orders suitably geared,
the two hands 54 and 55 sweeping over
-graduated dials 56 and 57, typifying any
suitable construction. S :

It will be apparent that the high-torque
at low speed developed through the mer-
curial transmitting medium makes the in-

strument very effective as one for use on

automobiles, and while it is true that with

a heavy fluid, as mercury, the range of ve-:

locity of the medium throughout which pro-
portionality of torque to speed, under the

118
120

128

described conditions, is rigorously linear -
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falls below the range available where air is

.the mediurn, a construction presenting the

friction surfaces of the elements in @ cylin-
der-form as-suggested in Figs. 2 and 4 per-
mits of the use of a suitably constructed de-
vica with a small-diameter secondary to

‘Ineasure very high speeds without imparting

to the medium a linear velocity beyond its
stated range.
mercury inthe present described instrument
(or other rotary devices) it is important

- that the mercury be pure, the surfaces con-

18

20

ab

30

35

tacting therewith smooth, clean and non-
granular (preferably nickel-plated or made
of non-corrosive, high grade steel) to mini-
mize abrasion and keep the mercury clean,

.and that the linear velocity of the mercury

be kept low, preferably below six feet per
second, in order that it may not break up into
minute droplets or apparently-powdered
form, C o ‘

What I claim is: , K

1. In combination, driving and driven ele-
ments, having - opposed, closely-adjacent,
non-contacting friction- surfaces; a liquid
body interposed between active areas thereof

through which- the driving element fric- -
tionally drags the driven one and thermo- -

responsive means for varying the active
area of the secondary in approximately in-
verse proportion to the thermo-effected va-
riations in viscosity of 'the liquid. .

2. In a temperature-compensating speed
indicator, the combination of variable speed
primary and movement-restrained secondary
elements that are suitably supported for
separate movement and have opposed. fric-
tion surfaces in close but non-contacting

- juxtaposition; an interposed liquid body

40

48

80

‘contacting normally with active areas of
said surfaces less than the whole thereof,
and thermo-responsive means for varying
the liquid-contacting areas of said elements
approximately inversely to the thermo-
effected variations of liquid viscosity.

8. In a temperature-compensating speed

. indicator, the combination of variable speed

primary and movement-restrained secondary
elements that are suitably supported for
separate movement and have opposed closely-
adjacent non-contacting friction surfaces;

an interposed liquid body and thermo-re-

For the sugcessful use of.

1,274,816

sponsive means for varying the active areas

of said surfaces in predetermined ‘propor-
tion to thermally-effected changes of liquid
viscosity. -

BB

4. In a temﬁerature-compensating" speed' ’

indicator, the combination of variable speed

primary and movement-restrained secondary -

elements "that are suitably supported fop

separate movement and ~have opposed
closely-adjacent non-contacting friction sur-

faces; a liquid body partially filling the in-

terspace between said surfaces, and thermo- -

responsive means for varying the liquid
quantity within in said interspace in pre-
determined inverse ratio to thermo-effecteq
changes of liquid viscosity. - L

5. The combination with driving and
driven elements having opposed, closely-
adjacent, non-contacting friction surfaces
and an interposed liquid body contacting

(1)

85

70

with active portions thereof, of a compen- ‘

sating liquid body communication with the.

said interposed or active ome, and propor-
tioned to vary the effective contact area of
the active liquid approximately inversely
to its temperature-effected viscosity changes.

6. The combination with freely movable .

driving and movément-resisied driven ele-

75

80

ments, having friction surfaces in opposed,
closely-adjacent non-contacting relation, of

means providing a reservoir, communicat-
ing with the interspace between said ele-
ments, and a liquid body having a reservoir-
filling component and an .active - torque-
transmitting component that normally,
partly occupies said interspace, these com-
ponents proportioned - volumetrically for
temperature-effected change of the contact
area of the.active component in approxi-
mately

7. In a temperature-compensating spee
indicator, the combination of a freely rota-
table cylindrical cup; = . cylinder-formed

inverse ratio to the attendant
changes of liquid viscosity. .

86.

7o)

66

member in- the upper - portion thereof, -

the cup below the pivoted member and ex-

‘pivoted and spring-restrained; and a body
of mercury filling the reservoir-portion of = .

100

tending pertially in the narrow interspace -

between -the cup and cylinder:

In testimony whereof I affix my signature. =

NIKOLA TESLA, B
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UNITED STATES PATENT OFFICE.

NIEOLA TESLA, OF NEW YORK, N. Y., ASSIGNOR TO WALTHAM WATCH COMPANY, OF
WALTHAM, MASSACHUSETTS, A CORPORATION OF MASSACHUSETTS,

SHIP’S LOG.

Specification of Letters Patent.

Patented Sept. 2, 1919,

‘Application filed Deceinber 18, 1916. Serial No. 187,690, 4

7o all whom it may concern:

Be it known that I, Nixora Tesra, a citi-
zen of the United States, residing at New
York, in the county and State of New York,
have invented certain new and useful Im-

" provements. in Ships’ Logs, of which the
 following is a full, clear, and exact descrip-

10

tion, :
My invention provides a ship’s log of

novel and’ advantageous construction and.
operation, designed to give instantaneous

rate-readings, as in knots, or miles per hour.
The customary log is trailed ‘astern, twisting

. the flexible connector that drives a revolu-

15
20
25
80
85
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tion-counter on the vessel, and many dis-
advantages of such arrangement are obvious.
In my instrument I combine very advan-

‘tageously a propeller rotatable proportion-
‘ately to vessel-speed and a speed indicator

driven by it and reading directly in the de-
sired terms, preferably upon a substantially
uniformly-graduated scale. o
In the drawings, Figure 1 diagrams the
log in use; e v
Fig. 2 shows it in vertical section; -
- Fig. 3 illustrates speed-indicator parts
with the casing broken away;
Fig. 4 is a section on line 4—4-of Fig. 3;
Fig. 5 is a section on line 5—5 of Fig. 2.
Fig. 6 shows in section a turbine form of
propeller, and v
Fig. 7 is a section on line 7—7 of Fig. 6.
To the vessel 10, preferably near its bow,

‘is suitably affixed a tube or barrel, 11, with

a threaded plug 12 closing its lower end,
where the tube preferably dips below the
level of the boat’s keel. At the top—near
the’ deck or other point of observation—the
speed-indicator 18 is mounted, its casing 14,
that carries all of the moving parts being
detachably secured, as by screws 15, to the
top-flange 16 of the barrel. A boss 17 on
the underside of casing 14 supports the ball
bearing 18 for the primary element of the

indicator and a seal 19 for its flexible drive-"

shaft 20 that connects preferably through a
slip-joint squared union, 21, to a propeller-

driven part. The propeller may be of com-

mon form as shown in Fig. 2, at 22, with its
shaft 23 horizontally mounted in the bracket
24 spanning the tubular passage 25 of a
housing 26 that fits neatly in the barrel and
is held in register with ports 27 and 28 by
guide-ribs 29. Such a propeller drives the
shaft 20 through bevel gears 30.

More advantageously in some respects,
however, a turbine propeller of simple con-
struction may be employed, as shown in
Figs. 6 and 7. The rotor in this instance

~has a vertical shaft 23’ and the wheel 22’

1s formed of thin, parallel, closely-spaced
disks each having a central opening.. The

wheel is arranged in a’cylindrical housing

26" that has inlet nozzles 31 and outlet ports
32 so -disposed that the water enters the in-
terspaces between the disks tangentially to
rotate the wheel and finds escape through
the ports 32 that communicate with the cen-
tral orifices of the disks. This type of
construction has many advantages due to its
reliability and efficiency, but preferably it
should be constructed to permit the disks
and casing to be readily cleaned,-casing 26’
being made, in two horizontal sections bolted
together as at 83, each section having a de-
tachable head 34. ' :
A flexible and - longitudinally elastic
sleeve, 85, of coiled strip metal is fastened

. at opposite ends by threaded caps 36 and

37 to the boss 17 and to a threaded part on
the propeller casing, so that the propeller

" mechanism is supported from the mdicator

casing for removal therewith.

~ By suitably constructing the submerged
parts of bronze, enameling them, or other-
wise making them substantially immune to

60
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80

85

corrosion, adequate durability is attained, -

and the facility of removal for cleaning,
oiling, repairs, etc., makes the under-water
parts easy to maintain in good order. The

90

pliant shaft, slip-connected at one end and -

1ts stout protective sleeve, strong yet flexible
and extensible frees the bearings from strain
and makes the connection uniformly effi-
cient under changes of ‘conditions as to
temperature, ete.

The speed indicator 13 preferably pro-
vides as its primary element 41 a multiple-
walled cup, fast on shaft 20, and as a
secondary, or indication-giving, member a
lightly-constructed pivoted, multiple-walled
inverted cup structure 42, with the annular
walls interleaved in closely adjacent non-
contacting relation for transmission of turn-
ing effort from the one to the other through
intervening films of the casing-contained.
fluid medium, as air, in approximately linear
Is)roportion to the speed of the primary.

pecifically the. secondary cups are. de-
pendent from an arm 43 projecting from

-

95

100

106

110



10

15

20

25

30

35

2

spindle 44,. having jewel bearings in yoke

45 carried by bridge-piece, 46, that spans

the casing 14, and the dial 47, calibrated
according to a suitable constant to read in
knots, or miles per hour or other units of
rate, 1s borne by the cup-structure below a
fixed hand 48 visible through the sealed
cover-glass 49. A coiled spring 50, con-

nected at its ends respectively to the pivoted -

secondary element and to a fixed support, re-
sists the pivotal displacement of the indi-
cation-giving member. The light secondary
element, quickly and accurately responsive
approximately directly proportionately to
the speed of the propeller-driven primary
member, and little affected by tremors, tem-
perature changes and other extraneous in-
fluences, gives adequately accurate readings
in the desired terms, showing instuntaneously
changes of the vessel’s speed.

"What I claim is: - _

1. In ship’s log, a barrel having water
flow openings near its bottom, a speed-in-

dicator detachably secured to one end of the
barrel, a flexible shaft for the speed-indi-

cator, a propeller connected to the shaft-
end, a housing for the propeller, registering
with the water-flow openings, and a sleeve
surrounding the shaft uniting the housing

and casing, for extraction of the propeller- -

parts: when the speed-indicator is removed
from the barrel. : :
2. In a ship’s Iog, a barrel, a speed in-
dicator having a casing secured detachably
to the upper or observation end of the barrel,

1,314,718

a propeller having a housing and adapted
to pass through the barrel, a flexible shaft
slip-fitted to connect the propeller and speed
indicator, and a-flexible sleeve connecting
the propeller-housing and indicator-casing.

3. In a ship’s log, the combination of a
barrel having waterflow openings near its

40

bottom, a speed indicator having a casing -

detachably secured to one end of the barrel,
a shaft for said speed indicator extending
centrally through the barrel, a propeller for
the shaft end, a housing for the propeller,
said housing being smaller than the barrel,
and a sleeve surrounding the shaft uniting
said housing and said indicator casing for
effecting extraction of the propeller parts
when -the speed indicator is removed from
the barrel.

4. In a ship’s log, a barrel, a speed indi-
cator having a casing secured detachably to
the upper end .of the barrel, a propeller hav-
ing a housing and adapted to pass through
the barrel, there being registering open-

_ings near the bottom of the barrel and in

said housing for water-flow to the propeller,
a flexible shaft connecting said propeller and

-speed indicator and making axially slidable

connection with one thereof, and a flexible

-and axially expansible sleeve connecting the

})ropeller housing and the indicator casing
for extraction of the propeller parts when
the speed indicator is removed from the
barrel. ’

In testimony whereof I affix my signature.

NIKOLA TESLA.
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UNITED STATES

PATENT OFFICE.

NIKOLA TESLA, OF NEW YORK, N. Y., ASSIGNOR TO WALTHAM WATCH COMPANTY,
OF WALTHAM, MASSACHUSETTS, A CORPORATION OF MASSACHUSETTS.

FLOW-METER.

1,365,547.

Specification of Letters Patent.

Patented Jan. 11, 1921.

Application filed December 18, 1918. Serial Mo. 137,888.

To all whom it may concern.:

Be it known that I, Nrxora TEsta, a
citizen of the United States, residing at
New York, in the county and State of New
York, have invented certain new and use-
ful Improvements in Flow-Meters, of which
the following is a full, clear, and exact de-
scription.

My invention relates to meters for meas-
urement of velocity or quantity of fluid
flow. Its chief object is to provide a novel
structure, simple, inexpensive and efficient,
directly applicable to a conduit through
which the fluid flows, and arranged to give
instantaneous readings in terms of velocity,
or quantity.

In the drawings I have shown a single

embodiment of my invention in desirable

form, and therein— _
Figure 1 is a central, vertical section
showing the device in use;

Fig. 2 is a plan detail of the indicating

instrument with parts in section; -

Fig. 3 is a horizontal section on line 3—3
of Fig. 1, and

Fig. 4 is an enlarged section on line 4—4
of Fig. 1.

Assuming that the flow of liquid 10
through a main 11 is to be measured as in
gallons per hour, or feet per second, the
main is tapped as at 12 and into the threaded
orifice is screwed the body-casting of the
flow-meter 18. This casting has a threaded
waist 14, centrally apertured to receive the
bedring bushing 15, the upper portion of
the casting being formed as a shell 16 for
incasing the indicating mechanism, and its
lower portion prolonged as a tube 17, ter-
minating in a head 18 to receive the flow-
driven element. The latter, I prefer, shall
be a turbine of the type commonly identified
bv mv name. Illustratine simply its essen-
tial elements, the rotor, 19, is made up
of centrally apertured parallel disks 20,
closely spaced and mounted on a shaft, 21,
extending through a shell 22 confined with-
in the head 18 above the plug 23 that closes
the bottom of the head and carries an ad-
justable step-bearing screw-24. Inlet noz-
vles 25, in the wall of head 18, direct the
liquid to the disks tangentially to set the
latter in rotation and the water finds es-

© cape through the outlet passages 26 of the

shell 22 and ports 27 of the head 18. Prei-

5 erably the length of tube 17 should be such

as to dispose the turbine rotor approxi-
mately at the center of the main, and of
course the turbine will rotate at a rate lin-
early proportional to the velocity of the
fluid at that point, according to a practi-
cally-determined constant.

Turbine shaft 21 connects with shaft 30

of the indicator, that preferably is of mini-

mal diameter for the work to be done and
that passes through the long bushing 15 for
direct connection with the indicator 31. The
primary element, 32, of this indicator, di-
rectly. mounted on said shaft 30, preferably
comprises a cup having multiple vertical
walls 83 in concentric arrangement, these be-
ing interleaved with inverted cup walls 34
of a secondary element 35, that is pivoted
and torsionally restrained and that bears a
movable element of the reading
Specifically, the secondary element may have
its inverted cup walls made of very thin
aluminum mounted on arm 36, affixed to the
spindle 37 that runs in jewel bearings car-
ried by a yoke 38, supported on a bridge
piece 39 spanning the casing 16. A coiled
spring 40, at one end fast to the spindle 37
and its other end adjustably secured in
split stud 41, on bracket 38, resists displace-
ment of the secondary element which carries
on its top a reading scale 43;-graduated in
terms of gallons per hour, feet per minute,
or other units of measurement. This dial
moves below the stationary pointer 44 that
is visible through the sight-glass 45, carried
by the cover cap 46 and tightly sealed. By
constructing the indicator in accordance
with Nprinciples fully explained in my Pat-
ent No. 1,209,359 the primary element, act-
ing through the viscous or adhesive prop-
erties of air or other fluid medium filling
the casing, is caused to displace the scale-
bearing member against the tension of its
spring substantially in linear proportion to
the speed of rotation of the primary ele-
ment, and by observing the conditions reg-
uisite to make the torque bear a rigorously
Yinear proportion to the speed, and making
the spring to permit deflections proportion-
ate directly to the turning effort, the scale
may be graduated uniformly without the
employment of any compensating mecha-
nism to this end.

The pressure or density of the gaseous
fuid medium in the casing 60 should not be
subject to change under varying conditions

scale.:
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of pressure within the main, or the readings —special compensating mechanism. makes a

might be seriously inaccurate; nor, obvi-
ously, should escape of the liquid from the
main into the indicator casing be permitted,
To seal the running bearing of shaft 30
adequately "to withstand very considerable
pressures, I make what I term a “mercury-
lock” by the following provision: the shaft
30 is made of fine steel of great and uniform
density and the bushing 15 is preferably of
hard copper, these having diameters leaving
a clearance of only a few thousandths of an
inch,—much too small for the capillary ad-
mission of mercury. These surfaces are
treated for amalgamation with mercury.
The bearing-portion of the shaft 30 is thinly
copper plated, and then both bearing sur-
faces are coated, in a quickening solution,
with mercury, after which the mercury-
filmed parts are assembled. In this way, as
sought graphically and exaggeratedly to be
represented in Fig. 4; the mercury body 50
is introduced into the very narrow clearance,
and although it is & unitary seal in its re-
sistance to the passage of air or water, it
may practically be regarded as forming two
mirror-surfaced films between the bushing
15 and the copper plating 51 on shaft 30.
I have found such a mercury lock makes a
very effective and enduring seal while per-
mitting adequately free rotation of the
shaft. - :

The combination of turbine rotor and air
drag indicating mechanism as above de-
scribed is especially advantageous in that
the small turbine, developing a high shaft
speed under even rather slow fluid flow, in-
sures that the speeds of the primary ele-
ment will be ample to result in high torque,
so that the indicator may be of velatively
rugged construction. Furthermore, the
practical insensibility of the air drag in-
strument to temperature changes, without

very simple construction available for many
and variant uses. And since linear relation-
ships exist between the rate of liquid flow,
turbine-rotation and indicator-displacement,
accurate marking of the scale in uniform
graduations depends only upon the estab-
lishment of certain easily-ascertainable con-
stants for any given conditions.

What I claim is:

1. A flow-meter comprising a body hav-
ing a pipe engaging portion, a lower head
of smaller diameter and an upper casing, a
vertical shaft extending through said body,
a disk-turbine in said head directly connect-
ed with said shaft, said head having inlet
and outlet openings to the turbine disks,

‘and indicating means comprising a rota-

table primary element directly connected

“with said vertical shaft and a torsionally-

restrained secondary element displaceable
by the first and equipped to show its dis-
placement in desired terms.

2. In a device of the character described.
the combination of a body fitting having an
intermediate part for pipe engagement, a
lower head, and an upper shell, a shaft pass-
ing vertically from said shell to said head, a
pressure-resisting seal for said shaft adja-
cent said pipe engaging portion of the body,
an indicator in said shell comprising a rota-
table primary member having a vertical axis
and directly connected with the upper end
of said shaft, a torsionally-restrained sec-
ondary element displaceable by the first, said
secondary element associated with a scale for
showing its deflections in desired terms. and
a2 horizontal disk-turbine rotor in said head,
said rotor directly connected with the bot-
tom of said shaft, said head having inlet
and outlet openings to the rotor disk.

In testimony whereof I affix my signature.

NIKOLA TESLA.
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UNITED STATES

PATENT OFFICE.

NIKOLA TESLA, OF NEW YORK, N. ¥., ASSIGNOR TO WALTHAM WATCH COMPANY, OF
WALTHAM, MASSACHUSETTS, A CORPORATION .OF MASSACHUSETTS.

FREQUENCY METER.

1,402,025,

Specification of Letters Patent. °

Patented Jan. 3, 1922.

Application filed December 18, 1916. Serial Nt;. 137,689.

To all whom.it mans concern.: o

Be it known that I, Nixora Tesra, a citi-
zen of the United States, residing at New
York, in the county and State of New York,
have invented certain new and useful Im-
provements in Fiequency Meters, of which
the following is a full, clear, and exact de-
seription. : ’

In many instances in practice it is. very
desirable and important to ascertain the fre-
quency of periodic currents or electric oscil-
lations and therefrom the speed of rotation
or reciprocation of the generating or con-
trolling apparatus. »

The devices commonly used at present for

this purpose and designated “frequency me-’

ters” generally consist of reeds or bars tuned
to respond to impulses of definite periods,
or a direct current dynamo coupled to the
alternating generator or frequency controller
and connected . with an instrument, of volt-
meter construction, graduated to indicate
the instantaneous frequency of the current.

Both of these forms are objectionable from-

many points ‘of view, being subject to vari-
ous limitations of practical availability and
to disturbing influences, all so well known to
experts as to dispense with the necessity of
enjarging upon them on this occasion. ‘

My invention has for its object to provide
a frequency meter of great accuracy, struc-
tural simplicity, wide range of use, and low
cost, all adequate to meet the pressing de-
mand for a commercial and scientifically sat-
isfactory instrument of improved form.

In the drawings, wherein I have illus-
trated a single embodiment of my invention
for purposes of disclosure,—

Fig. 1 is a central vertical section through
the frequency meter, with diagrammatic ex-
tension to indicate an available manmner of
connecting it to a two-phase generator;

Fig. 2 is an end view; -

Fig. 8 is a side elevation with the cover in
section, and Fig. 4 is a side elevation of the
instrument from its reading side. :

It will be understood that the specific con-
struction of instruments embodying my in-
vention may be modified in many ways ac-
cording te the demands of the electrical or
mechanical environment in which it is to be
used, and while I shall describe in detail a
specific construction, illustrated in the draw-
ing, it is without intent to limit my inven-

:iqil in its broader. aspects to matters of de-
ail. ‘ '

5 represents diagrammatically a two-phase
generator, typifying the machine controlling
the frequency to be measured, and having
suitable connection by wires 6 with the syn-
chronous-motor element of the frequency
meter, indicated as a whole by 7. The motor,
8, will of course have field poles and arma-
ture bars appropriate to the character of the
current supplied from the generator 5, the
motor being of the split-phase, two-phase,
or other type, as needed. A frame 10, hav-
ing lugs 11, or other means of support, pro-
vides a cup-formed shell 12 with a top wall
13 furnished with a central bearing tube 14
and with suitable supporting means, as 15,
for the stationary field structure 16. A cap 17,
screw threadéd at 18,°and suitably packed,
hermetically seals one side of the motor cas-
ing into which the connecting wires are led

“through any suitable sealing and insulating
.bushings 19.

For accuracy and promptness of response

to frequency-variations, the armature strue-

ture 21, as a whole, with its attachments
should be of very light weight and so
equipped that its work is minimized. Hence
it is important both that the construction of
the armature element be designed with ref-
erence to smallness and consequent lightness
of parts, and that its frequency-indicating

equipment be of a character imposing the-

lightest load on the armature. Specifically,
the armature lamine 22 are carried on a
light disk 23, fixed to the vertical shaft 24,
that is supported by ball bearings 25 and 26,
in tube 14, and, above the wall 13, carries
the driving member of the indicator device
28. This appliance comprises, as its pri-
mary element, 29, a non-magnetic disk 30,
of brass, say, having annular spaced, con-
centric walls 31, and as its secondary ele-
ment, 32, a pivoted part . including very
light, annular walls 33 interleaved with the
walls 81 and affording extensive smooth fric-
tion surfaces, very closely adjacent to, but
nof contacting with, the kindred surfaces of
the primary member so that through the
thin films of fluid, preferably air, interven-
ing between them, torque may be transmit-
ted from the primary to the secondary ele-
ment in substantially linear proportion to
the speed of the primary. Posts 85, mounted
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in the top wall of the frame, support a
bridge piece 36 that carries a bearing yoke
37, affording upper and lower jewel bear-

ings 38 and 39, the former contained in a

bushing 40 threaded for adjustment in the
yoke and set by a nut 41, such bearings re-
ceiving the spindle 42 from which extends,
rigidly, the arm 43 carrying the annular
walls of the secondary element. A spiral
spring 44, fixed at one end to the shaft 42
and at its ether end clamped adjustably in
the split stud 45 on bracket 37, permits ro-

tary displacement of the secondary element,

substantially in linear proportion to. the
force applied. A scale 48, printed on or
otherwise affixed to the outermost wall of
the secondary element, is graduated in units
of frequency and its indication point is de-
termined by a fixed pointer 49 that is fixed
at the edge of a transparent sealed window
50 of the casing shell 51 of cup formation,
that is secured in sealed relation to the wall

13 as by packed screws 52 engaging bosses

25

30

53 on the bridge piece 36 so to complete the
hermetic enclosure of the chamber contain-
ing the indicating elements. Such herhetic
closure is not necessary in many instances

-but may be desirable,

In my copending application Serial No.
841,726 filed May 29th, 1914, Patent No.
1,209,359 T have set forth in detail certain
laws the observance of which results in at-

~ tainment of rigorous proportionality of de-

35

40

45

50

flections to speed in an “air drag” instru-
ment, and all of such conditions may be ob-
served .to advantage in constructing the in-
dication-giving element of the frequency

" meter.

It will be noted that an instrument as
herein described has many structural and
operative advantages. The translating in-
strument, giving the frequency -reading,
when constructed for use of air as the trans-
mitting medium, may be of size to give am-
ple torque, but if desired the ensealed mech-
anism may be operated in air or other, pref-
erably inert, gases of more than atmospheric
density for increase of the torque. The air
drag instrument is substantially unaffected
in accuracy by temperature changes, with-

* out special compensating mechanism, and is

55

therefore practically insensible to the heat-
ing effect of the subjacent motor, and the
double-chamber construction segregating the
motor and translating device prevents the
latter from being affected by air-currents
engendered by the motor-operation. Fur-
thermore, the indicator structure may be

_ made immune to magnetic influence and

60

65

eddy currents, however intense, by making
its secondary element of appropriate non-
shrinkable, insulating material, as com-

.pressed fiber, although in many instances

the partition 13, acting as a shield for the
indicator obviates the necessity for such pro-

1,402,025

vision. The small size, low cost and ease of
maintenance, due to the simplicity of the
construction are especially desirable.

What I claim is: '

1. In a frequency meter, the combination

70

of a synchronous motor, and a speed-respon- -

sive device, having a primary element con-
nected to the armature shaft, and a pivoted
torsionally-restrained secondary element, de-
flectable in substantially linear proportion
to the speed of the primary and calibrated
in terms of electrical frequency..

2. In a frequency meter, the combination
of a synchronous motor and a speed-respon-
sive device, said motor having an armature
of light construction and said speed-respon-
sive device comprising a primary element
carried in rotation by said armature, and a
torsionally - restrained secondary element,
these elements having extensive confront-
ing, closely adjacent friction surfaces, co-
operating through interposed films of a fluid
medium for displacement of said secondary
element in substantially linear proportion to
the speed of rotation of the primary element.

8. In a frequency meter, the combination
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85

90

of a synchronous motor and a speed-respon-

sive device, the former having an armature
of light construction and the latter compris-
ing a primary element, carried in rotation
by said armature, and a torsionally-re-
strained secondary element, these elements
having extensive confronting, closely adja-
cent friction surfaces, cooperating through
interposed films of air for displacement of
said ~secondary -element in substantially
linear proportion to the speed of rotation of
the primary element, said secondary bearing
a scale calibrated in terms of frequency.

4. A frequency meter comprising, in com-
bination, a synchronous induction motor,

95
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having a shell carrying the field, and a rota- .

table armature within the chamber of said
shell having its shaft extended through said
shell; and a speed-responsive device, com-
prising a closed casing, 2 non-magnetic pri-
mary element mounted upon said armature

shaft, a separately mounted secondary ele-

ment pivoted and torsionally restrained,
said elements having opposed, closely adja-

110

115

cent non-contacting surfaces, co-operating

through interposed films of a fluid medium
through which torque is transmitted fo the
secondary in approximately linear propor-
tion to the speed of the primary member,
and a visible scale uniformly graduated in
terms of frequency carried by the Second-
ary member. S

5. A frequency meter comgrising a sealed,
air-containing casing divided into two com-
partments, a shaft exténding into both com-
partments, a synchronous motor in one com-
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partment adapted to drive said shaft and an -

indicating device in the other, said device
having a primary rotatable element con-

130
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nected with the shaft, a separately mounted,
indication-controlling element and a spring
restraining the latter, said elements having
extensive, confronting, closely adjacent, non-
contacting surfaces cooperating through the
interposeg air films for displacement of the
secondary, at all ordinary temperatures, ap-
proximately in linear proportion to the
speed of the primary element. '

6. In a frequency meter, the combination
of a synchronous motor having an arma-
ture of light construction, a speed-respon-
sive device comprising a primary element
carried in rotation by the said armature

and a torsionally-restrained secondary ele- .

ment, said elements having extensive con-
fronting closely adjacent friction surfaces
cooperating through interposed films of air
for displacement of said secondary element
in substantially linear proportion to the

‘speed of rotation of the primary element,

and a wall interposed between the armature
of the motor and the speed-responsive device
for shielding the latter from air disturb-
ance caused by rotation of the former.

7. A frequency meter comprising a casing

divided into two compartments, a shaft ex-
tending into both thereof, a synchronous

motor in one compartment adapted to drive

said shaft and a speed-responsive device in
the other having a primary element con-
nected for rotation with said shaft, a sepa-
rately mounted, torsionally-restrained indi-
cating element, said elements having exten-
sive confronting, closely adjacent, non-con-
tacting surfaces cooperating through inter-

posed gaseous films for displacement of the
secondary, approximately in linear propor-
tion to the speed of the primary element.

8. In a frequency meter, the combination
of a synchronous motor and a speed-respon-
sive device, said motor having a light arma-
ture and a shaft, and said speed responsive
device comprising a primary element of non-
magnetic material carried by the armature
shaft and a torsionally-restrained secondary
element, these elements having extensive,
confronting, closely adjacent, non-contact-
ing surfaces cooperating through interposed
films of a fluid medium for displacement of
the secondary element in approximately
linear- };roportion to the speed of the pri-
mary element, and a containing structure
ensealing the speed responsive device.

9. In a frequency meter, the combination
of a synchronous motor having an armature
of light construction, a speed-responsive de-
vice comprising a primary element carried
in rotation by the said armature and a.tor-
sionally-restrained secondary element, said
elements having extensive
closely adjacent friction surfaces cooperat-
ing through interposed films of air for dis-
placement of said secondary element in sub-
stantially linear proportion to the speed of
rotation of the primary element, and means
interposed between the armature of the
motor and the speed-responsive device for
shielding the latter from air disturbance
caused by rotation of the former.

In testimony whereof I affix my signature.

NIKOLA TESLA.
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UNITED STATES

PaTENT OFFICE.

NIKOLA TESLA, OF SMILJAN LIKA, AUSTRIA-HUNGARY, ASSIGNOR TO THE
- TESLA ELECTRIC LIGHT AND MANUFACTURING COMPANY, OF RAHWAY,

NEW JERSEY.

DYNAMO-ELECTRIC MAGCHINE.

SPRCIFICATION forming part of Letters Patent No, 859,748, dated March 22, 1887.

Appli(‘aﬁon filed January 14, 1886,

To «ll whom it may conceriv:

Be it known that I, NIKoLA TESLA, of Smil-
jan Lika, border country of Austria-Iungary,
have inveuted certain Improvements in Dy-

5 namo-Electric Machines, of which the follow-
ing is a specification.

The main objeets of my invention are to in-
crease the efficiency of the machine and to fa-
cilitate and cheapen the construction of the

10 same; and to this end my invention relates to
the magnetic frame and the armature, and to
other features of construetion, hereinafter more
fully explained.

My invention is illustrated in the accompa-

15 nying drawings, in which Figure 1is a longi-
tudinal section, and I'ig. 2 a cross-section,of the
machine. Fig.3isa top view, and Fig. 4 a side
view, of the magnetic frame. Fig. 5isanend
view of the commutator-bars, and Fig. 6 is a

20 section of the shaft and commubator -bars.
Tig, 7 isa diagram illustrating the coils of the
armature and the conneetions to the ecommu-
tator-plates. ,

"The cores ¢ ¢ ¢ cof the field-magnets may be

25 tapering in both directions, as shown, for the
purposes of concentrating the magnetismupon
the middle of the pole-pieces.

The connecting-frame F I of the field-mag-
nets is in the form indicated in the side view,

20 Tig. 4, thelower part being provided with the

" gpreading eurved cast legs ¢ ¢, so that the ma-
chine will rest firmly upon two base-bars, 7 7.

To the lower pole, S, of the field-magnet M
is fastened, preferably by means of Babbitt or

35 other fusible diamagnetic material, the base

"7 B, which is provided with bearings b for the
armature-shaft T, The base B has a projec-
tion, P, which supports the brush-holders and
the regulating devices, which may be of any

40 ordinary character, or may be such as shown
in an application of like date herewith.

The armature is constructed with the view
to reduce to a minimum the loss of power due

. to the transversal or Foucault currents and to

4% the change of polarity, and also to shorten as

much as possibie the length of the inaclive
wire wound upon the armature-core.

1t is well known that when the armabure is
revolved between the poles of the field-mag-

renewed December 1, 1856, Serial No.220,370. (No model.)

nets currents are gencrated in the iron body 50
of the armature which develop heat, and con-
sequently cause a waste of power. Owing to
the mutual action of the lines of force, the mag-
netic properties of iron, and the speed of the
different portions of the armature-core, these 55
currents are generated principally on and near
the surface of the armature-core, diminighing
instrength gradually toward the center of the
core. Their quantity is under same conditions
proportional to the length of the iron body in 6o
the direction in which these enrrents are gen-
erated, Bysubdividing the iron coreelectrie-
ally in this direction the generation of these
currents ean be reduced to a great extent. Tor
instance, if the length of the armature-core is 65
twelve inches, and by a suitable construction
thesameissubdivided eleetrically,sothatthere
areinthegenerating directionsix inchesofiron
and six inches of intervening air-spaces or in-
sulating material, the currents will be reduced 7o
to fifty per cent.

As shown in the drawings, the armature is
constructed of thin iron disks D D D, of vari-
ous diameters, fastened upon the armature-
shaft in a suitable mauner and arranged ac- 73
cordirg to their sizes, so that a series of iron
bodies, 44 4, is formed, each of which dimin-
ishes in thickness from the center toward the
periphery. At both ends of the armature the
inwardly-curved disks d d, preferably of ‘east- 8o
iron, are fastened to the armature-shaft.

The armature-core being constructed as
shown, it will be easily seen that on those por-
tions of the armature that are the most remote
from the axis, and where the currents ave 8g
prineipally developed, the length of iron in
the generating direction is only a small frac-
tion of the total length of the armature-core,
and besides this the iron body is subdivided
in the generating direction, and therefore the go
Toucault eurrents are greatly reduced. An-
other cause of heating is the shifting of the
poles of the armature-core. . In consequence

of the subdivision of the iron in the armature
and the increased surface for radiation the g5
risk of heating is lessened.

The iron disks D D D may be insulated or
coated with some insulating-paint, a very care-
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ful insulation being unnecessary, as an elec-
trical contact between several disks can only
occur on places where the generated currents
are comparatively weak. An armature-core
constructed in the manner described may be
revolved between the poles of the field-mag-
nets without showing the slightest incrsase of
temperature. :

The end disks, d d, which are of sufficient
thickness and, forthe sake of cheapness, pref-
erably of cast-iron, are curved inwardly, as
indicated in the drawings. The extent of the
curve is dependent on the amount of wire to
be wound upon the armatures. Inmy present
invention the wire is wound upon the arma-
ture intwo superimposed parts, and the curve
of the end disks, d d, is so caleulated that the
first part—thatis, practically half of the wire—
Just fills up the hollow space to the line & ;
or, if the wire is wound in any other manner,
the curve is such that when the whole of the
wire is wound the outside mass of wires,w,and
the inside mass of wires, &', are equal at each
side of the plane # #. 1In this case it will be
seen the passive or electrically-inactive wires
are of the smallest length practicable. The
arrangement has further the advantage that
the total lengths of the crossing wires ab the
two sides of the plane & z are practically
equal.

To further equalize the armature-coils at
both sides of the plates that are in contact

with the brushes, the winding and connecting:

up is effected in the following manuer: The
whole wire is wound upon the armature-core
in two superimposed parts, which are thor-
oughly insulated from each other. Each of
these two parts is composed of three separated
groups of coils. The firgt group of coils of the
first part of wire being wound and connected
to the commutator-bars in the usual manner,
this group is insulated and the second group
wound; but the coils of this second group in-
stead of being connected to the next following
commutator-bars, are connected to the directly-
opposite bars of the commutator. Thesecond
group is then insulated and the third group
wound, the coils of this group being connected
to those bars to which they would be con-
nected in the usual way. The wires are then
thoroughly insulated and the second part of
wire wound and connected in the same man-
ner. Suppose, for instance, that there are
twenty-four coils—thatis,twelvein each part—
and consequently twenty-four commutator-
plates. Therewill beineach partthrec groups,
each containing four coils, and the coils will
be connected as follows:

Groups.  Commudalor-bars.
First....ooooinn. 1—5
First part of wire < Secoud............ 17—21
Third ............. 9—13
Firsb.............. 18—17
Second part of wire ¢ Second........ ... b— 9
Third.............21— 1

359,748

In constructing the armature-core and wind-
ing and conneecting the coils in the manner in-
dicated, the passive or electrieally-inactive
wire is reduced to a minimum, and the coils
at each side of the plates that are in contact
with the brushes are practically equal, and in
this way the electrical efficiency of the ma-
chine is increased. ’ :

The commutator-plates ¢ are shown as out-
side the bearing b of the armature-shaft. The -
shaft I is tubular and split at the end portion,
and the wires are carried through the same in
any usual manner and connected to the re-
spective commutator-plates. The commuta-
tor-plates are upon a cylinder, %, and insu-
lated, and thiseylinder is to be properly placed
and secured by expanding the split end of the
shaft by a tapering screw-plug, 2.

T do not elain herein the cores of the field-
magnets converging toward the pole-pieces;
nor do I claim the method of fastening the
base to the lower field-magnet, as this has been
claimed in my former application on dynamo-
electriec machines.

‘What I claim is—

1. Ina dynamo-electric machine, the arma-
ture constructed of iron disks of various di-
ameters arranged upon the shaft in such a
manner that a series of iron bodies is formed,
each diminishing in thickness from the cen-
ter to the periphery, substantially as and for

‘the purposes set forth.

2. In a dynamo-clectric machine, the arma-
ture-core having iron disks of various diame-
ters, in combination with inwardly - eurved
end disks, for the purposes and substantially
as set forth.

3. In a dynamo-electric machine, an arma-
ture-core having inwardly - curved ends, in
combination with the armature-eoils, the cross-
ing wires of which coils pass into the concave
heads and project egually, substantially as set
forth.

4. In a dynamo-electric machine, an armna-
ture having separate coils superimposed and
connected to the commutator-plates in alter-
nating groups, substantially as set forth.

5. An armature for dynamo-electric ma-
chines, having a core composed of disks of va-
rious diameters, in combination with separate
superimposed coils connected to the commu-
tator-plates in alternate groups, substantially
as set forth.

6. In a dynamo-clectric machine, the mag-
netic frame composed of the cores ¢ ¢ ¢ ¢, the
curved pole-pieces N S, and the conneeting-
frame with the curved and outwardly- pro-
Jjecting legs ¢ ¢, substantially as described.

Signed by me this 12th day of January, A,
D. 1886.

NIKOLA TESLA.

Witnesses:
GEo. 1. PINCKREY,
WALLACE L., SERRELL.
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UNITED STATES

PaTeENT OFFICE.

NIKOLA TESLA, OF NEW YORK, N. Y., ASSIGNOR OlF. ONE-HALF TO CHARLES
F. PECK, OF ENGLEWOOD, NEW JERSEY.

ELECTRO-MAGNETIC MOTOR. '

SPECIFICATION forming part of Letters Patent No. 381,968, dated May. 1, 1888.
Appl_ication ﬂl;ad October 12, 1867, Serial No, 252,132, (No model.)

To all whom 6 may concerm:

Be it known that I, NIxorA TESLA, from
‘Smiljan Lika, border country of Austria-Hun-
gary, residing at New York, N. Y., havein-

s vented certain new and useful Tmprovements
in Blectro-Magnetic Motors, of which the fol-
lowing is a specification, reférence being had
to the drawings accompanying and forming a
part of the same.

"The practical solution of the problem of the
_electrical conversion and transmission of mie-
chanical energy involves certain requirements
which the apparatus and systems heretofore
employed have not been capable of fulfilling.
t5 Such a solution, primarily, demands a uni-
formity of specd in the motor irrespective of
its load within its normal working limits. On
the other hand, it is necessary, to attain a
greater economy of conversion than has here-
tofore existed, to construct cheaper and more
reliable and simple apparatus, and, lastly, the
apparatus must be capable of easy manage-
men$, and such that all danger from the use of
currents of high tension, which are neces-
sary to an economical transmission, may be
avoided. -

My present invention is direeted to the pro-
duction and improvement of apparatus capa-
ble of more nearly meeting these requirements
thanthose heretofore available, and though I
have described various means for the purpose,
they involve the same main principles of con-
. stroction and mode of operation, which may be
deseribed as follows: A motor is employed in
which there are two or more independent eir-
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cuits through which alternate currents are

passed at proper intervals,inthe manner here-
inafter described, for the purposeof effecting
a progressive shifting of the. magunetism or of
the “lines of force’” in accordance with the
well-known theory, and a consequent action
of the motor. It is obvious that a proper
progressive shifting of the lines of force may
be utilized to set up a movement or rotation
of either element of the motor, the armature,
or the field -magnet, and that if the currents
directed through the several circuits of the
motor are in the proper direction no commu-
" tator for the motor will be required; but to
so0 avoidall the usual commutating appliances in

40

45

' the system I prefer to connect the motor-cir-

cuits directly with those of a suitable alter-
nate-current generator. The practical results

of such a system, its economical advantages,
and the mode of its construction and opera- 53
tion will be deseribed more in detail by ref-
erence to the accompanying diagrams and
drawings. .

Figures 1 to 8and 1° to 8, inclusive, are dia-
grams illustrating the principle of the action 6o
of my invention. The remaining figures are
views of the apparatus in various forms by
means of which the invention may be carried
into effect, and which will be described in
their order. : -

Referring first to Fig. 9, which isa diagram-
matie representation of a motor, a generator,
and connecting-cireuitsin accordance withmy
invention, M is the motor, and G the gener-
ator for driving it. The motor comprises a 70
ring or annulus, R, preferably built up of
thin insulated iron rings or annular plates, so
as to be as susceptibleas possible to variations
in its magnetic condition. This ring is sur-
rounded by four coils of insulated wire sym-
metrically placed, and designated by CCC' C.

The diametrically-opposite coils are connected

up so as to co-operate in pairs in producing
free poles on diametrically-opposite parts of
the ring. The four free ends thus left are con- 8o
nected to terminals T T T T, as indicated.
Near the ring, and preferably inside of it, there

is mounted on an axis or shaft, a, a magnetie
disk, D, generally circular in shape, but hav-
ing two segments cut away, as shown. This 85
disk is mounted so as to turn freely within the
ring R. The generator G is of any ordinary
type, that shown in the present instance hav-
ing field-magnets N S and a cylindrical arma-
ture-core, A, wound with the two coils BB’ go
The free ends of each coil are carried through
the shaft ¢’ and connected, respectively, toin-
sulated coutact-rings b b0 ¥. Any conven-
ient form of collector or brush bears on each
ring and forms a terminal by which the cur- g5
rent to and from a ring is conveyed. -These
terminals are connected to the terminals of
the motor by the wires L and I/ in the man-
ner indicated, whereby two complete circuits
are formed—one including, say, the coils B of 1co

65
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the generator ¢’ C' of the motor, and the other
the remaining coils B’ and C C of the generator
and the motor.

It remains now to explain the mode of op-
eration of this system, and for this purpose I
refer to the diagrams, Figs. 1 to 8, and 1* to 89,

- foranillustration ofthe various phases through
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which the coilg of the generator pass when in
operation, and the corresponding and result-
ant magnetic changes produced in the motor.
The revolution of the armature of the gener-
ator between the field-magnets N S obviously
produces in the coils BB’ alternating currents,
the intensity and direction of which depend
upon well-knownlaws. Intlie position of the
coils indicated in Fig. 1 the current in the
coil B'is practically nil, whereas the coil B’ at
the same time is developing its maximum cur-
rent, and by the means indicated in the de-

» Scription of Fig. 9 the circuit including this

coil B’ may also include, say, the coils C C of
the motor, Fig, 13- The result, with the proper
connections, would be the .magnetization of
the ring R, the poles being on the line N 8.
The same order of connections being observed
between the coil B and the coils 0, the latter,
when traversed by a current, tend to fix the
poles at right angles to theline N S of Fig. 12,
1t results, therefore, that when the generator-
coils have made one eighth of a revolution,
reaching the position shown in Fig. 2, both
pairs of coils C and ¢’ will be traversed by
currents and act in opposition, in so far as the
location of the poles is concerned. The posi-
tion of the poles will therefore be the result-
ant of the magnetizing forees of the coils—that
is to say, it will advance along the ring to a
position corresponding to one-eighth of the
revolution of the armature of the generator.
In Fig. 3 the armature of the generator has
progressed ta one-quarter of a revolution. At
the point indicated the current in the coil B
is. maximum, while -in B’ it is nil, the latter
coil being in its neutral position. The poles
of the ring R in Fig. 3 will, in consequence,
be shifted to a position ninety degrees from
that at the start, as shown. I have in like
manner shown the conditions existing at each
successive eighth of one revolution in the re.
maining figures. A short reference to these
figures will suffice foran understanding of their
significance. Figs. 4 and 4" illustrate the con-
ditions which exist when the generator-arma-
ture has completed three eighths of a revolu-
tion. Here both coilsare generati ng current;
but the coil B, having now entered the oppo-
site field, is generating a current in the oppo-
site direction, having the opposite magnetiz-
ing effect; heuce the resultant pole will be on
the line N S, as shown. In Fig. 5 one-half of
one revolution of the armature of the gener-
ator has been completed, and the resulting
magnetic condition of the ring isshown in Fig.
b*. In this phase coil B isin the neutral posi-
tion while coil B’ is generating its maximum
current, which'is in the same direction as in
"Fig. 4. The poles will counsequently be shifted

. 881,968

through one half of the ring. In Fig. 6thear-
mature has completed five-eighths of a revolu-
tion. In this position coil B’ develops a less
powerful current, but in the same direction as
before. The coil B, on the other hand, having
entered a field of opposite polarity, generates
a current of opposite direction. The resnltant

boles will therefore be in theline N §, Fig. 6%, .75

or, in other words, the poles of the ring will
be shifted along five-eighths of its periphery.
Figs. 7 and 7* in the same manner illustrate
the phases of the generator and ring at three-
quarters of a revolution, and Figs. 8 and 8
the same at seven-eighths of a revolation of
the generator-armature. These figures will
be readily understood from the foregoing.
When a complete revoluation is accomplished,
the conditions existing at the start are re-es-
tablished and the same action is repeated for
the next and all subsequent revolutions, and,
in general, it will now be seen that every revo-
lution of the armature of the generator pro-
duces a corresponding shifting of the poles or
lines of force around the ring. 'This effect I
utilize in producing the rotation of a body or
armature in a variety of ways—for example,
applying the principle above described to the
apparatus shown in Iig. 9. The disk D, ow-
ing to its tendency to assume that position in
which it embraces the greatest possible num-
ber of the magnetic lines, is set in rotation,
following the motion of the lines or the points
of greatest attraction.

The disk D in Fig. 9 is shown as cut away
on oppositesides; but this, I have found, is not
essential to effecting its rotation, as a circnlar
disk, as indieated by dotted lines, is also set
in rotation. This phenomenon [ attribute to
a certain inertia or resistance inherent in the
metal to the rapid shifting of the lines of foree
through the same, which results in a continu.-
ous tangential pull upon the disk, causing its
rotation. This seems to Le confirmed by the
fact that a circdlar disk of steel is more effeet
ively rotated than oneof soft iron, for the rea-
son that the former is assumed to possess a
greater resistance to the shifting of the mag-
netie lines.

In illustration of other forms of my inven-
tion, I shall now describe the remaining figures
of the drawings. .

Fig. 10 is a view in elevation and part ver-
tical section of a motor. Fig. 12 is a top view
of the same with the field in section and a dia-
gram of connections. Fig. 11 is an end or
side view of a generator with the fields in see-
tion. This form of motor may be used in place
of that shown above. D is a cylindrical or
drum-armature core, which, for ohvious rea-
sons, should besplit up as far as practicable to
prevent the circulation within it of currents
of induction. The core is wound longitudi-
nally with two coils, Eand E, the ends of which
are respectively connected to insulated con-
tact-rings d d d' ', carried by the shaft a, upon
which the armature is mounted. The arma-
ture is set to revolve within an iron shell, R/,
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which constitutes the field-magnet, or other
element of the motor. This shell is preferably
formed with a slot or opening, r, but it may
be continuous, as shown by the dotted lines,
and in thisevent it is preferably made of steel.
It is also desirable that this shell should be
divided up similarly to the armature and for
similar reasons. As a generator for driving
this motor 1 may use the device shown in Fig.
11. _ This represents an annular or ring arma-
ture, A, surrounded by four coils, F F I F, of
which those diametrically opposite are con-
nected in series, so that four free ends are left,
which are connected to the insulated contact-
rings b b ' . The ring is suitably mounted
on a shaft, ¢, between the poles N S. The
contact-rings of each pair of generator-coils
are connected to these of the motor, respect-
ively, by means of contact-brushes and the
two pairs of conductors L I and I’ I/, as in-
dicated diagrammatically in Fig. 12. Now it
is obvious from a consideration of the preced-
ing figures that the rotation of the generator-
ring produces currents in the coils F' F, which,
being transmitted to the motor-coils, impart to
the core of the latter magnetic poles constantly
shifting or whirling around the core. This
effect sets up a rotation of the armature ow-
ing to the attractive force between the shell
and the poles of the armature, but inasmuch
as the coils in this case move relative to the
shell or field-magnet the movement of the
coils is in the opposite direction to the pro-
gressive shifting of the poles.

Other arrangements of the coils of both gen-
erator and motor are possible, and a greater
number of circuits may be used, as will be seen
in the two succeeding figures.

Fig. 13 is a diagrammatic illustration of a

motor and a generator constructed and con-

nected in accordance with my invention. Fig.
14 is an end view of the generator with its
field-magnets in section. The field of the mo-
tor M is produced by six magunetic poles, G’ &/,
secured to or projecting from a ringor frame,
H. These magnets or poles are wound with
insulated coils, those diametrically opposite
to each other being connected in pairsso as to
produce opposite poles in each pair. This
leaves six free ends, which are connected to
the terminals T T T" T'T” T”. The armature,
which is mounted to rotate betwee